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I. RECOMMENDATION 

siders that the 
 
Based on the CHMP review of the data on quality, safety and efficacy, the CHMP con
application for Garenoxacin 400 mg tablet is not approvable for the treatment o
acquired pneumonia (CAP) in hospitalised patients (as follow-on to IV therapy

f community 
), for acute 

exacerbations of chronic bronchitis (AECB) or for uncomplicated skin and soft tissue infections 
(uSSTI).  
 
The 400 mg tablet might be approvable for the treatment of mild to moderate CAP 
maxillary sinusitis subject to satisfactory responses to the List of Questions. 
 
The application for Garenoxacin 6

and for acute 

00 mg tablet is not approvable for the treatment of complicated 
d acute pelvic 

y). 
skin and soft tissue infections (cSSTI) or for intra-abdominal infections (IAI) an
infections (as follow-on to IV therap
 
The application for Garenoxacin 2 mg/ml solution for infusion is not approvable for t
CAP, cSSTI, IAI or acute pelvic infections. 

he treatment of 

 
ommendation of marketing authorisation pertain to deficiencies 

on the efficacy demonstration as stated in the list of questions. 

 

somerase class 
nits GyrA and 

GrlA and GrlB 
ainly controls 

transcription while Topo IV exerts decatenation activity that 
resolves daughter chromosomes following DNA replication. The quinolones bind to DNA and the 

 synthesis and 
 

ganisms. In S. 
bunit of 

Topo IV is commonly implicated in these species. 

ese enzymes is 
owever, few of 
for dual target 
etermined by 

ence of mutational or acquired mechanisms of resistance, the fluoroquinolones are usually 
active against the majority of the Gram-negative and Gram-positive pathogens of the upper and lower 
respiratory tract as well as the organisms associated with atypical community-acquired pneumonia 
(CAP) such as M. pneumoniae, C. pneumoniae and Legionella pneumophila. Nevertheless, there are 
some marked differences between compounds in their in-vitro activities against the major gram-
positive pathogen - Streptococcus pneumoniae. Due to reports of pneumococcal pneumonia 
developing despite ciprofloxacin oral therapy, doubt has been cast on the in-vivo efficacy of 
ciprofloxacin against pneumococcal pneumonia. In contrast, levofloxacin and moxifloxacin appear to 
be effective.  
 

The major objections precluding a rec

 

II. EXECUTIVE SUMMARY 
 
II.1 Problem statement 
 
The 4-quinolones act by inhibiting two bacterial tetrameric enzymes of the type II topoi
- DNA gyrase and DNA topoisomerase IV (Topo IV). DNA gyrase is composed of subu
GyrB while Topo IV is composed of two dimers of the proteins ParC and ParE (termed 
in S. aureus). Although the two enzymes have overlapping activities, DNA gyrase m
DNA supercoiling during replication and 

tetrameric enzymes to form a stable ternary complex that results in inhibition of DNA
arrest of cell growth, which is followed by cell death. The (fluoro)quinolones currently available show
preference for inhibition of the GyrA subunit of DNA gyrase in Gram-negative or
aureus and S. pneumoniae the preferred target is more difficult to discern but the GrlA/ParC su

 
Depending on bacterial species and the quinolone, the degree of inhibition of each of th
variable so that one is designated a primary target and the other is a secondary target. H
the quinolones (so far only clinafloxacin and sitafloxacin) appear to meet the criteria 
inhibition i.e. often defined as similar inhibition of DNA gyrase and Topo IV as d
resistance mutation emergence patterns and by in-vitro enzyme inhibition.  
 
In the abs
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For common Gram-positive pathogens involved in skin and soft tissue infections, acti
haemolytic streptococcal species is usually very good and most agents are very active 
vivo against staphylococci. Against non-fermenting Gram-negative rods, enterococci 
the marketed fluoroquinolones show activity that varies between drugs and betwee
example, in general ciprof

vity against β-
in vitro and in 
and anaerobes 
n species. For 

loxacin is not considered to be reliable monotherapy for infections in which 

 of the genes 
echanisms of 

rase mutations 
oroquinolones 
 prevalence of 

, S. pneumoniae, P. aeruginosa and 
resistance, the 

ith the fluoroquinolones although 
 In this regard, 
that may make 

Overall, then, a new quinolone or fluoroquinolone would not be likely to represent a major step 
some exceptional features related to its antibacterial spectrum, some activity 
istant to existing agents and/or fewer safety issues compared to marketed 

 
II.2 About the product 
 
Garenoxacin is a synthetic, des-F(6)-quinolone antibacterial agent. The molecule does not contain 
fluorine at the C-6 position, which is present in all the fluoroquinolone antibacterial agents. 
 

anaerobic species are important. 
 
Resistance to the fluoroquinolones commonly involves mutations in one or more
encoding the subunits of DNA gyrase and topoisomerase IV. Other important m
fluoroquinolone resistance, which may occur alone or in conjunction with topoisome
and which may affect the class as a whole, are impaired permeability of bacteria to flu
and active efflux mechanisms. Since the launch of ciprofloxacin during the 1980s, the
fluoroquinolone resistance in certain species (particularly S. aureus
N. gonorrhoeae) is now a cause for concern in many countries. Indeed, due to co-
majority of MRSA in some localities are now resistant to these agents.  
 
There are also several well-documented safety issues associated w
the propensity of each agent to cause individual types of adverse reactions is variable.
structure-activity relationship studies have identified some features of these molecules 
them more or less likely to be associated with certain types of adverse reactions.  
 

forward unless it had 
against organisms res
products. 
 

N
O

F
F

CH3

O

OH

O

N

*

* Chiral • CH3SO3H • H20  

Chemical Structure of Garenoxacin 
 
Garenoxacin is presented for clinical use as 400 mg and 600 mg film-coated tablets an
for infusion (final concentration 2mg/ml presented in 5% glucose such that a bag of 4
contains 10 g of glucose monohydrate; 200 ml and 300 ml bags are to be marketed to p
and 600 mg doses). These formulations contain the mesylate salt of the (R)-10 enantio

d as a solution 
00 mg/200 ml 
rovide 400 mg 
mer, for which 

minimum inhibitory concentrations (MICs) are 4-fold lower than the (S)-enantiomer.  
 
The development of this product for clinical use was based on observations of activity against a range 
of aerobic Gram-positive and Gram-negative bacteria, Mycoplasma, Legionella and Chlamydia 
species and anaerobic bacteria. Also, from what is known about the structure-activity relationships of 
the fluoroquinolone agents it was expected that the safety profile of garenoxacin might be 
distinguishable due to the lack of the F atom at C6. Due to the observed spectrum of activity in vitro, a 
previous licensee initiated a programme of clinical studies to evaluate efficacy in infections of the 
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respiratory tract, uncomplicated or complicated skin and soft tissue infections, intra-abdominal and 
pelvic infections. 

will be the MAH in the EU) for the oral 
 
The indications proposed by the applicant (Schering-Plough 
and intravenous routes of administration are different and are as follows: 

n of chronic bronchitis 

skin and skin structure infections, including diabetic foot infections 
tions and acute pelvic 

unity-acquired pneumonia 
ncluding diabetic foot infections 
ng post-surgical infections and acute pelvic 

The re oses and dura y are as follow

 
Tablets (film-coated 400 mg and 600 mg) 
• Acute bacterial exacerbatio
• Acute bacterial sinusitis 
• Community-acquired pneumonia 
• Uncomplicated skin and skin structure infections 
• Complicated 
• Complicated intra-abdominal infections, including post-surgical infec

infections. 
 
IV solution of infusion (provided as 400 mg in 200 ml and as 600 mg in 300 ml bags) 
• Comm
• Complicated skin and skin structure infections, i
• Complicated intra-abdominal infections, includi

infections. 
 

commended d tions of therap s: 
 
 
Ta 0 mg, SPCs same except for cross-references to other tablet size: 
  

Y DOSE DURATION 

blets – 400 mg and 60

INFECTION DAIL
Acute bacterial 

ronic 400 mg  5 days exacerbation of ch
bronchitis 

Acute bacterial sinusitis 400 mg 5 days 
Community-acqu

pneum
ired 

onia 400 mg  5 to 14 days 

Uncomplicated s
skin structure infe

kin and 
ctions  400 mg  5 days 

Complicated skin and
structure infection

 skin 
s, 600 mg*  7 to 14 days including diabetic foot 

infections  
Complicated intra-

fections and acute pelvic 
infections 

4 days 
abdominal infections, 

including post-surgical 
in

600 mg*  5 to 1

*Please refer to the TRADEMARK 600 mg film-coated tablets Summary of Product 
Characteristics (SPC) for full prescribing information. 

 
 
IV solution for infusion – single SPC to cover both bag sizes and with reference to oral follow-on 
therapy: 
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Y DOSE DURATION INFECTION DAIL

C -acquired 400 mg  5 to 14 days ommunity
pneumonia 

Complicated skin a
structure infectio

nd skin 
ns, 

tic foot 
 

600 mg* 7 to 14 days including diabe
infections 

Complicated int
abdominal infectio

ra-
ns, 

5 to 14 days including post-surgical 
infections and acute pelvic 

infections 

600 mg* 

*Please refer to the TRADEMARK 600 mg solution for infusion Summary of Product 
Characteristics (SPC) for full prescribing information. 

 

tific Advice 

No CHMP scientific advice was sought during the development programme. Regulatory Advice was 
e held with the 
 prompted the 

potension, 
 the magnitude 

al outcomes is 

 the imbalance 
al study is included in the clinical study report for 027.  

e oral and IV 

 Sweden (June 22, 2005) - detailed information regarding the activity of garenoxacin against 
onia is included in each clinical 

y in study 027 is discussed fully in the 

odule 1.9 that 
ension. 

eral comments on compliance with GMP, GLP, GCP  

ation contains statements of GMP compliance in Module 1 for the EU sites of manufacture, 
assembly, QC testing and batch release have been provided for tablets and infusion. No GMP 

f Garenoxacin 
nished products is 

performed at a non-EU site. An EU GMP compliance certificate is required for this latter site of 
manufacture. 
 
All pivotal toxicology studies are reported to have been performed in compliance with GLP 
requirements. 
 
The application contains statements of GCP compliance in Module 1, in the Clinical Overview in 
Module 2 and in individual study reports. The application does not raise any issues for compliance. 
 

 
II.3 The development programme/Compliance with CHMP Guidance/Scien
 

requested and obtained from both European and US Health Authorities.  Meetings wer
Agencies in Belgium, Germany, Hungary, Portugal and Sweden. These meetings
following: 
 

 Belgium (September 10, 2002) - a complete analysis of garenoxacin-associated hy
including the theoretical mechanism of action, the target population at risk, and
of the effect is presented (in 2.7.4). 

 Hungary (May 17, 2005) - the correlation between microbiological and clinic
provided in the individual clinical study reports and the meaning of clinical response (e.g. 
‘cured’ or ‘cured + improved’) has been clearly defined. 

 Germany (June 11, 2002 and May 23, 2005) - a statistical approach to address
of mortality in the intra-abdomin
Additionally, the discontinuation rates due to hypotension are presented for th
formulations in the Integrated Analysis of Safety. 

pathogens implicated in atypical community-acquired pneum
study report. Additionally, the imbalance of mortalit
clinical study report and clinical summary. 

 Portugal (July 12, 2005) - a risk management plan has been included in M
includes a study to evaluate the effects of antihistamine administration on hypot

 
 
II.4 Gen
 
The applic

inspections are required for these sites prior to MA approval. However, manufacturing o
400/600mg film coated tablets, testing of the active substance and testing of the fi
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II.5 Type of application and other comments on the submitted dossier 

r Articles 3(2) and 8.3 (i) for a new active 

998 and 2003, 
studies were mainly performed between 1999 and 2002. As a result, the 

application does not wholly conform to current CHMP guidance since some of this was not operative 

 
IFIC OVERVIEW AND DISCUSSION 

 

III.1 Quality aspects 

bstance Master File 
procedure has been used to submit data for the drug substance. 

l of the starting 
bstance. 

Garenoxacin has been well characterised by appropriate analytical techniques. It is crystalline, soluble 
onfiguration of 
ilable starting 
g substance is 

Potential impurities have been discussed in relation to their origin and potential carry-over in the final 
 low levels of 

its of the 
ies. 

e garenoxacin 
as used by the 

sed API manufacturer in their ASMF. The drug substances from the two sources have been 
shown to be equivalent and were used for drug process development, registration stability and 

cal batches. However, only material from one proposed API manufacturer will be 

uality of the drug substance is 
re listed 

 
Drug Product (Tablets) 
 
The drug product is presented as oval, white film-coated tablets containing either 400mg or 600mg 
garenoxacin (as the mesylate) and packed in PVC/PVdC/Aluminium blister foils. 
 
A number of formulations were used during development and a series of bioavailability studies have 
been presented to summarise the clinical/formulation development and to compare the bioequivalence 

 
This is a stand alone (complete) application made unde
substance for which the use of the Centralised Procedure is optional. 
 
The worldwide clinical development programme primarily covered the years between 1
and the clinical efficacy 

during the development period.  
 

III. SCIENT

 
 

 
Drug Substance 
 
Garenoxacin mesylate monohydrate is a novel drug substance. The Active Su

 
Manufacture of the drug substance is a two-step process and is well described. Contro
materials and critical intermediate are sufficient to ensure the quality of the final drug su
 

in aqueous solutions and is isolated as polymorph A and is the (R)-enantiomer. The c
the single chiral centre is retained from the stereo centre of the commercially ava
material phenylethylamine with the known absolute configuration. The purity of the dru
controlled by the enantiomeric purity of the starting material. 
 

drug substance. The manufacturing method provides drug of high quality with very
organic impurities. The drug substance specification is suitable for this compound. Lim
specified impurities are acceptable, qualified by the specification and toxicological stud
 
Stability data demonstrate excellent stability over 48 months.  
 
The API manufacturer had originally licensed a previous licensee to manufactur
mesylate in Italy, to the same API synthetic route and chemical scale up processes 
propo

manufacture of clini
used commercially.  
 
The ASMF data are comprehensive and demonstrate that the q
satisfactory and there are no major objections. However, there are minor concerns which a
herein.   
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(BE) of those formulations used in Phase I/II studies. These formulations include cl
(25, 100, 200mg), film-coated clinical tablets (200mg, 400mg), film-coated commerci
400, 600mg), clinical powder for oral suspension (40mg/ml), 600mg oral suspension, c
vial (10mg/ml). Appropriate brid

inical capsules 
al tablets (200, 
ommercial IV 

ging studies are provided to demonstrate bioequivalence of the 

hering-Plough. 
cesses (dry ‘roller compaction’, 

blending, tabletting and film coating). Satisfactory batch equivalence data from the two sites are 

lytical methods, which are same as 
ciencies in the 

anufactured at 
re provided for 

turing site. Further stability data from more than one 
site specific primary stability batches provided are requested for each of the two strengths. A post 

s provided and accepted. There are no major objections. However, 
there are minor concerns which are listed in the overview. 

e, ready-mixed 
.  

nsee developed a vial formulation of the concentrated drug (10mg/ml of free base) 
n of 2 mg/mL 
s clinical trials. 
e requested to 
ular the pH of 

ompleted by the previous 
rietary IV bag 
ugh following 
l development 
ted to support 

h equivalence data from the two 
. 

nto pre-printed 
ch and autoclaving 

the complete product. A validated and automated sterilisation cycle at 121ºC is used, which ensures a 
0-6, or better. 

The control of the drug product is generally acceptable and analytical methods are described and 
suitably validated. The level of drug-dextrose adduct is controlled by the specification, although 5-
HMF (5-hydroxy-methylfurfural, a by-product of dextrose degradation) is not. This and other minor 
deficiencies in the specification are pointed out, including tightening of the shelf life assay limits. 
  
The stability of the product is well demonstrated over a two year period from batches manufactured at 
the previous licensee’s facility. However, only the initial stability data point is provided for the 
primary batches manufactured at the proposed site. Further site specific primary stability data are 

commercial tablets to the clinical tablets. 
 
The previous licensee transferred the product and analytical technology to Sc
Manufacture of the product involves standard excipients and pro

provided. The development package provided is comprehensive and satisfactory. 
 
The control of the drug product is generally acceptable and the ana
used by the previous licensee, are well described and suitably validated. Minor defi
specification are pointed out, including tightening of the shelf life assay limits. 
 
The stability of the product is well demonstrated over a two year period from batches m
the previous licensee’s facility. However, only the initial and 3 months stability data a
the primary batches from the proposed manufac

approval stability commitment i

 
 
Drug Product (Solution for Infusion) 
 
Garenoxacin 2mg/ml Solution for infusion (as mesylate) is available as a single-us
product in IV bag in 5% glucose, 400 mg (200 ml) and 600 mg (300 ml) as base per bag
 
The previous lice
which was diluted in 5% Dextrose Injection to a Garenoxacin free base concentratio
before administration to meet dosing requirements of the product during the intravenou
The IV bag was never used in the clinical studies. In-use formulation batch data ar
determine if the clinical IV formulation is equivalent to the proposed IV bag, in partic
the infusion solution.  
 
The majority of development work for Garenoxacin mesylate IV bag was c
licensee and the proposed manufacturer of the finished product using the latter’s prop
technology (PL 2408 container-closure system) and supplemented by Schering-Plo
acquisition of the product from the API manufacturer. Additional pharmaceutica
studies, including the manufacture of site-specific stability batches, have been conduc
the transfer of European commercial production. Satisfactory batc
sites are provided. The development package provided is comprehensive and satisfactory
 
Manufacture of the product involves filling the formulated active solution into filling i
PL 2408 plastic container and sealing, enclosing the filled container in foil overpou

minimum F0 exposure of 10 minutes and a Sterility Assurance Level (SAL) of 1
Satisfactory validation data are provided for the terminal sterilisation of the bag.  
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requested. A post approval stability commitment is provided and accepted. There are no major 
objections. However, there is a list of other concerns in Section VI.1. 
 

clinical aspects  

 
. 

d ion channel 
 channels, and 
concentrations 
affinity for β2 

receptors, where it was seen to demonstrate weak antagonist activity. Additionally garenoxacin 

 of 600mg in 

in was seen to 
crease in heart 
iation between 
treatment with 

s, and repeated garenoxacin 
The changes in 
d by extending 
arenoxacin to 

. 

 hour intravenous 
produced QTc 
 infusion and 
noxacin levels 

 mg/kg groups 
ximately 10% compared to the vehicle control group. 

 dependent. In 
 QTc 

prolongation immediately following the injection. The mean plasma garenoxacin concentration at this 
 garenoxacin to 

ptors including 
ynergistic interactions were noted in preclinical models to assess 

ivity in mice at 
ity was also noted as an adverse effect in dogs (intravenous doses 

of 30 mg/kg, Cmax reported as 31.55 μg/ml) and monkeys (at the lowest intravenous dose tested, 75 
mg/kg, Cmax reported as 57 μg/ml). In humans the Cmax following repeated intravenous dosing with 
600 mg is reported to be 15.6 μg/ml. 
 
Additionally, garenoxacin was seen to have emetic activity in dogs (at 40 mg/kg intravenously) and 
monkeys (112 mg/kg intravenously). As the vomiting was reduced when dogs were pre-treated with 
haloperidol the vomiting was considered to be centrally mediated. Nausea and vomiting are included 
as adverse events in section 4.8 of the SPC. 
 

 
III.2 Non 
 
Pharmacology 

Note that a summary of microbiology is provided in the clinical section of this overview
 
In-vitro studies relating to cardiovascular safety pharmacology included receptor an
binding assays (α2, β1 and β2 adrenergic receptors, endothelin A, L and T type calcium
protein kinase C). Garenoxacin was seen to bind to α2 adrenoreceptors, but only at 
greater than those that were seen to produce effects in vivo. Garenoxacin had greater 
adreno
was assessed in a hERG assay, where its IC50 was 300μM, which is reported to represent a 30 fold 
greater exposure compared with the expected Cmax following an intravenous dose
humans. 
 
In cardiovascular safety pharmacology studies rapid intravenous dosing of garenoxac
induce a transient decrease in blood pressure (BP), sometimes accompanied by an in
rate, that was assumed to be compensatory. A number of studies have reported an assoc
garenoxacin induced hypotension and plasma histamine increases. Additionally, pre-
antihistamines has been shown to inhibit garenoxacin induced BP decrease
dosing has been shown to lead to a reduced histamine and BP response to garenoxacin. 
plasma histamine levels and in blood pressure seen in dogs were shown to be attenuate
the infusion period from 12 minutes to 1 hour. Warnings relating to the ability of g
induce hypotension following intravenous administration are recommended for the SPC
 
Like many quinolones garenoxacin has been shown to induce QTc prolongation. One
infusions (doses of 75 and 112 mg/kg) of garenoxacin in cynomolgus monkeys 
prolongation that was not dose dependent. The effect started 30 minutes into the
continued throughout the 1 hour post dosing monitoring period. The mean plasma gare
at the end of the monitoring period were 48.14 and 65.62 μg/ml in the 75 and 112
respectively, and QTc was prolonged by appro
 
In dogs QTc prolongation following intravenous garenoxacin was observed to be dose
study 930003330 a 12 minute intravenous injection at a dose of 75 mg/kg induced 18%

time point was 109.8 μg/ml. Contraindications and warnings relating to the potential of
cause QTc prolongation are recommended for the SPC. 
 
Additional pharmacology studies revealed no significant interactions with CNS rece
GABA receptors in vitro, and no s
adverse CNS effects of garenoxacin in combination with NSAIDs.  
 
In vivo, intravenous doses of garenoxacin were associated with decreased locomotor act
a dose of 60 mg/kg. Decreased activ

 ©EMEA 2007 9/56 



 

Pharmacokinetics 
 
In mice, exposure (Cmax and AUC) was seen to increase in a dose proportional ma
single oral doses of garenoxacin. In rats exposure was dose related, although increases 
to be greater th

nner following 
in AUC tended 

an dose proportional (e.g. in study 910071069 a 5-fold increase in dose led to a 6-fold 

d in this study 
wing both oral 
In this study 

reater in females than in males. The mechanism underlying this 
differences in 

ce, rats and monkeys bioavailability of garenoxacin is 
high; between 70 and 98% in mice, between 70 and 85% in rats, and 76% in monkeys. Rat studies 

 bioavailability 

In a repeat dose study Cmax was not seen to be significantly different in rats administered a single 
s. On the other 

ogs, AUC was substantially greater (approximately 1.6 fold) following 14 daily intravenous 

 P-glycoprotein 
efflux pump. 

8, 82 and 87% 
ve shown that 

 is rapidly and 
S in rats (0.88 
the volume of 
lar distribution 
rted in humans 

examined, relatively little radioactivity gained access to 
tivity included 

 gastrointestinal tract (following both oral and intravenous administration). 
In rats and dogs, radioactivity levels were seen to accumulate in the thyroid as well as in the aorta. 

 was noted in 
udies revealed 

Within the blood, limited partitioning of radioactivity into red blood cells was observed in dogs (up to 

ministration to 
pregnant and lactating rats. Note that concentrations of garenoxacin have also been determined in 
lactating women administered a single 600 mg garenoxacin dose. Concentrations of garenoxacin in 
breast milk were 4 μg/ml, and the proportion of the dose secreted in breast milk over a 120 hour period 
is reported to have been < 0.1%. 
 
The metabolism of garenoxacin has been investigated in rats, dogs, monkeys and humans after oral, 
intravenous and intra-duodenal administration. Six metabolites (M1 to M6) have been isolated, 4 have 
been identified (M1, M4, M5 and M6) and one has been tentatively identified (M2). Two metabolites 

increase in AUC). 
 
Only one single dose study (in rats – report 91007612) examined sex differences an
exposure (AUC) was markedly less in females than in males. This effect was seen follo
and intravenous dosing, and bioavailability was greater in females than in males. 
clearance was seen to be 3 times g
effect has not been explored. The applicant reports that in clinical trials gender 
pharmacokinetic parameters were not seen. 
 
The single dose studies demonstrate that in mi

demonstrated that the presence of food in the gut significantly reduced bioavailability;
was reduced from 77% in fasted rats to 26% in fed rats.  
 

dose of garenoxacin and in rats administered 21 doses of the drug at 6 hourly interval
hand, in d
doses of 100 mg/kg garenoxacin compared to after the first dose. 
 
Studies using Caco-2 monolayers suggest that garenoxacin is not a substrate for the

 
In-vitro protein binding data demonstrate that in rats, dogs, monkeys and humans 89, 7
of garenoxacin was protein bound, respectively. In-vitro studies with human plasma ha
human serum albumin is the protein responsible for the bulk of the binding. 
 
Tissue distribution studies using rats, dogs and monkeys have shown that radioactivity
widely distributed following both intravenous and oral administration. Values for VS
l/kg), rabbits (0.60 l/kg), dogs (1.28 l/kg), and monkeys (1.45 l/kg) were larger than 
total body water of 0.60 to 0.69 L/kg in these species, suggesting extensive extravascu
of garenoxacin.  Values for VSS in the animal species were comparable to that repo
(0.81 L/kg at a dose of 600 mg). In all species 
the brain and spinal cord, while tissues that consistently showed high levels of radioac
the liver, kidney, lung and

These observations were not investigated further. In monkeys retention of radioactivity
melanin-containing tissues (eye and skin). However, neither non-clinical nor clinical st
evidence of ocular toxicity or phototoxicity. 
 

36%) and monkeys (up to 21%). 
 
Rat studies demonstrated fetal and neonatal exposure to garenoxacin following ad
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(M2 and M3) were only seen in animals. In all species the primary metabolite was M1 (a sulphate 
conjugate). 

keys, dogs and 
omponent seen 
counted for by 
ent compound, 
he bulk of the 
M1. However, 

at M6 is also present at high levels in the bile. M6 is a 
e bile, this is 

d extractability 
e). Bound radioactivity was seen to be released by treatment with 0.5N NaOH and mass 

spectral data suggests that the bound material may be structurally related to M5. The applicant reports 
n trace amounts 

nt responsible for the reddish-
purple discolouration of various tissues seen in the toxicology studies. Ex-vivo and in-vitro analysis of 

 structure, and 
at the coloured 

of radioactivity 
lites should be 
plicant should 

man and rat systems generally showed no inhibition or induction 
f garenoxacin, 

soforms in human hepatic microsomes was seen following 
incubation with a high concentration of garenoxacin (1000 μM). Overall, these results suggest that 
cytochrome P450 mediated drug interactions between garenoxacin and cytochrome P450 inhibitors, 
inducers and substrates are unlikely. 
 
Excretion of garenoxacin and its metabolites has been investigated in rats, dogs, monkeys and humans. 
The data are summarised in the following table. 
 

 
The major metabolic pathways in humans appear to be similar to those seen in mon
rats. In all species, following administration of 14C-garenoxacin the major radioactive c
in plasma was unchanged garenoxacin, with no more than 10% of the radioactivity ac
the primary metabolite, M1. Radioactivity in the urine was also primarily due to the par
with a small proportion due to M1 (approximately 5%). In all species examined, t
radioactivity present in faeces was due to a combination of the parent compound and 
studies with bile duct-cannulated rats showed th
glucuronide metabolite, and it has been suggested that following excretion in th
hydrolysed back to garenoxacin by intestinal microflora. 
 
Evidence of some covalent binding of radioactivity was seen in dog plasma (reduce
over tim

that in human plasma studies no covalent binding was observed, and M5 is only seen i
in humans. 
 
Some studies have been performed in an attempt to identify the age

coloured tissues has suggested that the compound may have a bis(isoindolenylidene)
that it may be a dimer. While the chemical structure has not been confirmed, it seems th
compound degrades to metabolites M4 and M5 and a dehydration derivative of M5. 
 
Given the tissue discolorations seen in the repeat dose studies and the covalent binding 
to plasma proteins seen in dogs, further characterisation of potentially reactive metabo
provided, particularly in the light of the potential for liver toxicity in humans. The ap
consider carrying out a chemically reactive metabolite screen.  
 
In vitro metabolism studies using hu
of cytochrome P450 isoforms following incubation with a range of concentrations o
although a slight inhibition of CYP i
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Summary of excretion of garenoxacin onkeys and humans 
Ex n of Radioa  (% of dose)a  

related radioactivity in rats, dogs, m
cretio ctivity

Species Dose / Route Sex Urine Feces Total  

5 mg/kg PO M 13.0 84.8 97.8 Rat 

g IV M 19.0 79.7 98.7 5 mg/k

Dog 100 mg/kg IV M 31.9b 
64.1b 95.9   

5 mg/kg PO M 38.9 60.7 99.6 Monkey 

.6 5 mg/kg IV M 48.1 50.5 98

Human 600 mg PO M 41.8 45.4 87.2 
Rat, dog, monkey and human
and 930001963/930001550, respect

 data derived from reports 910072610, 930000422, 910071078 
ively. 

nkeys,  and over 

al dose as M1 
), while males 

males (2.82% divided between the bile and urine). 

noxacin was less than the 
. Additionally, 

ding to human 
nhibit warfarin 
nd garenoxacin 
thrombin time 

ated with warfarin alone. 

f theophylline, 

of garenoxacin. Garenoxacin was less potent in this respect than enoxacin and ciprofloxacin, for which 
cin, for which 

 above, studies using human and rat systems generally showed no inhibition or induction 
f garenoxacin. 

was shown to 
lar secretion and between garenoxacin and 

probenecid, which was shown to increase renal clearance possibly by inhibiting tubular re-absorption 
of garenoxacin.  
 
Finally, the applicant has provided a number of studies that assessed the pharmacokinetics of 
garenoxacin in uninfected mice and rabbits compared to mice and rabbits infected with Streptococcus 
pneumoniae. In mice serum garenoxacin levels were not significantly influenced by infection. In 
rabbits CSF garenoxacin levels were seen to be greater in infected than in uninfected animals, and 
Cmax was seen to increase in a greater than dose proportional manner. 
 
 

a: Mean cumulative excretion in urine and faeces over 96 h in rats, 168 h in dogs and mo
192 h in humans 
b: After repeated administration for 14 days 

 
In rats elimination profiles were seen to remain constant regardless of dose and route, and the bulk of a 
dose was excreted within 24 hours. Female rats were observed to excrete more of an or
(7.51% in urine and 29.4% in bile) than males (0.96% in urine and 14.1% in bile
excreted more as M6 (18.2%, all in the bile) than fe
 
Data from dog studies showed that renal clearance of unbound gare
glomerular filtration rate, suggesting that garenoxacin undergoes tubular re-absorption
garenoxacin is likely to undergo entero-hepatic recirculation 
 
A number of nonclinical studies relating to potential interactions have been performed. 
 
Although increasing garenoxacin concentrations were shown to inhibit warfarin bin
serum albumin binding site I in vitro, concentrations of 100 μg/ml garenoxacin did not i
protein binding overall in vitro. In vivo, co-administration of warfarin (0.3mg/kg/day) a
(up to 60mg/kg/day) in rats did not increase prothrombin time or activated partial 
compared to that seen in animals tre
 
In-vitro studies have shown that garenoxacin does inhibit CYP mediated metabolism o
although only at concentrations greater than would be expected in the liver following therapeutic doses 

there are clinical reports of interactions with theophylline, but more potent than ofloxa
no clinical interactions have been reported. 
 
As described
of cytochrome P450 isoforms following incubation with a range of concentrations o
These results suggest that cytochrome P450 mediated drug interactions are unlikely. 
 
Studies in rats have shown interactions between garenoxacin and cimetidine, which 
reduce renal clearance of garenoxacin by inhibition of tubu
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Toxicology 

he oral route at 
ral doses of up 
gs were more 

 and blood chemistry seen, 

300 mg/kg and 
motor activity 
hemistry were 
dogs that died 

applicant to conclude 
e and rats the 

pid droplets in 
g/kg in males) 
ravenous doses 
al weights, are 
 data from the 
ing, and was 

ies). However, it is 
 following oral 
igh doses the 
inear increases 
enoxacin.  

 the thyroid (at 
ere seen to be 

ral doses of 75 
 oral doses of 75 mg/kg 

and intravenous doses of 50 mg/kg). Reddish-purple discolouration was seen in multiple 
 injection site 
 noted to be at 
study in dogs 
etic data from 
les. 

osing was associated with lipofuscin deposition in follicular cells of the thyroid as 
well as brown foamy cells in the follicular lumen (at oral doses of 100mg/kg), and a slightly elevated 

tion was noted 
reases in heart 
 of numerous 

he intravenous 
 exposure was dose related and there 

were no sex differences. 
 
The NOAELs calculated from the repeat dose studies demonstrate that animal to human safety 
margins are negligible. The table below lists the doses at which some of the adverse effects were seen 
in the repeat dose studies, along with the relevant animal to human exposure ratios for these effects. 
Animal to human safety margins are negligible for adverse effects on the liver (lipid droplets in 
hepatocytes, inflammatory cell infiltration, necrosis), thyroid (lipofuscin deposition) and cartilage. The 
applicant should comment on the potential clinical safety implications of this. 
 

 
Single-dose toxicity studies of garenoxacin were conducted in mice, rats, and dogs by t
doses of 1000 to 2000 mg/kg and by the intravenous route at doses up to 300 mg/kg. O
to 2000 mg/kg were well tolerated in mice and rats, with no findings of note. Do
sensitive with transient clinical signs and changes in haematology
particularly at 2000 mg/kg. No gross pathology was noted in these animals. 
 
Single intravenous dosing led to deaths in mice, rats and dogs at doses of 250 mg/kg, 
300 mg/kg respectively. Convulsions were seen in all species, as well as decreased loco
and decreased respiration. Transient changes in haematological parameters and blood c
also observed. While no significant gross pathology was noted in mice and rats, in 
histopathology revealed congestion of the liver and small intestine, leading the 
that, in these animals, death was the result of an acute circulatory disorder. In mic
NOAEL was 100 mg/kg, while no NOAEL was established in dogs. 
 
The primary findings from repeat dose studies in rats included effects on the liver (li
hepatocytes, inflammatory cell infiltration and necrosis – seen at oral doses of 100 m
and degeneration of articular cartilage (at oral doses of 400 mg/kg in females and at int
of 100 mg/kg). Other findings, including dilation of the caecal lumen and increased caec
considered to have been secondary to changes in intestinal microflora. Toxicokinetic
pivotal studies show that exposure was dose related, increased with repeat dos
substantially greater in males than in females (in oral and intravenous dosing stud
noteworthy that in an unscheduled DNA synthesis assay systemic exposure in male rats
dosing of 1000 and 2000 mg/kg was not dose related, suggesting that at these h
pharmacokinetics of garenoxacin may not be linear in this species. Additionally, non l
in exposure were noted in juvenile rats administered increasing intravenous doses of gar
 
Repeat dosing in dogs was associated with lipofuscin deposition in the follicular cells of
oral doses as low as 8 mg/kg in a 6 month study), although thyroid hormone levels w
unaffected. Additionally, liver findings were noted (inflammatory cell infiltration at o
mg/kg) as well as degeneration of articular and epiphyseal cartilage (noted at

organs/tissues but was not paralleled by histopathological findings. Additionally,
reactions were noted in the intravenous dosing studies (at 50mg/kg). All effects were
least partially reversed during recovery periods. The 6 month oral administration 
included ultrastructural evaluation of the pancreas, with no notable findings. Toxicokin
the dog studies show that exposure was dose related and did not differ in males and fema
 
In monkeys repeat d

T4 level was seen in one high dose female (100mg/kg oral). Additionally, QTc prolonga
(at oral doses of 100mg/kg and intravenous doses of 75mg/kg) as well as transient dec
rate, and atrophy of the fundic mucosa in the stomach. Reddish-purple discolouration
organs/tissues was also seen. Additionally, injection site reactions were noted in t
dosing studies at 30mg/kg. Toxicokinetic data show that systemic

 ©EMEA 2007 13/56 



 

Doses at rresponding safety margins 
Exposure alculated based o C values f  testing. 

Study Effect Dos Animal : human  
exposure ratio 

 which adverse effects were seen in the repeat dose studies and the co
ratios are c n AU rom repeat dose

e 

Oral dosing in rats roplets 
m

nfiltration, some necrosis) 

100mg/kg 0.27 Liver findings (lipid d
flain hepatocytes, in

cell i
matory 

Oral dosing in rats Articular 
degene

cartilage 
ration 

400m (F) 0.4 g/kg 

Intravenous dosing  in rats 100m 0.479  Articular cartilage 
degeneration 

g/kg 

Oral dosing in dogs Lipofuscin deposits in 8mg 0.137  thyroid /kg 
Oral dosing in dogs n of articular and 

 
75mg/kg 2.71 Degeneratio

epiphyseal cartilage
Intravenous dosing in dog tion of articu

l cartilage 
50m 1.92 s Degenera lar and 

epiphysea
g/kg 

Oral dosing in monkeys posits in 100m 2.11 Lipofuscin de  thyroid g/kg 
Oral dosing in monkeys ion 100m 2.69 QTc prolongat g/kg 
Intravenous dosing in QTc prolongation 75mg/kg 2.96 
monkeys 
Intravenous dosing in 
monkeys 

Injection site reactions 30mg/kg 0.945 

 
Gene mutation studies using bacteria and Chinese hamster lung cells produced n
genotoxicity. 
 
In a photomutagenicity study in Salmonella strains garenoxacin did induce a statistic
number of revertants/plate in strain TA102 in the absence of UV irradiation. High
irradiation were actually associated with a decreased number of revertants per plate (
the absence of UV irradiation). As posi

o evidence of 

ally significant 
 levels of UV 
compared to in 

tive responses to garenoxacin were seen in the absence of UV 
d to represent 
rising as other 
strains such as 

t did not undertake a photomutagenicity study with a metabolising system present 
and should justify the absence of such studies.   

inese hamster 
luoroquinolone 

erefore be 
considered a class effect. 

genic, as were 
e was seen to 

uch effect was seen with the comparators, ciprofloxacin 
on the potential 

Results from the in-vivo genotoxicity studies (micronucleus assays in mouse bone marrow and an 
l evidence of 
hose expected 

 
Additional genotoxicity studies performed to investigate the potential association between the reddish-
purple discolouration of tissues (as seen in the repeat dose studies) and genotoxicity revealed no 
positive findings. 
 
No carcinogenicity studies have been performed. The applicant argues that the profile of results seen 
in genotoxicity studies is consistent with what would be expected for this class of drug (i.e. 
garenoxacin was mutagenic in Salmonella typhimurium strain TA102 and positive in in-vitro assays 

irradiation as well as in the presence of UV irradiation the effect is considere
mutagenicity rather than photomutagenicity. The applicant argues that this is not surp
quinolone antibiotics have produced positive results in DNA repair-proficient bacterial 
TA102. The applican

 
Garenoxacin clearly induced chromosome aberrations in cultured mammalian cells (Ch
lung cells). The applicant reports that this too, is an expected result as other f
antibiotics are also known to be clastogenic in these systems, and that the results can th

 
In a photoclastogenicity test in CHO cells garenoxacin was shown to be photoclasto
ciprofloxacin and lomefloxacin. Additionally, a small positive clastogenic respons
garenoxacin in the absence of UV light. No s
and lomefloxacin, in the absence of UV light. The applicant should comment further 
significance of this finding.  
 

unscheduled DNA synthesis assay in hepatocytes from treated rats) did not revea
genotoxic potential. Exposure data show that the levels achieved were at least 3 times t
in humans following multiple dosing (based on AUC). 
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for clastogenicity and photoclastogenicity but produced no evidence of genotoxicity in
the weight of evidence from human experience indicates that quinolones do not pose 
risk. Consequently, and as garenoxacin will only be used short term, no carcinogen
needed. However, the applicant reports that ciprofloxacin has been seen to be photoc
mice. It seems reasonable, therefore, to assume that garenoxacin may also be photoc
least in mice. Section 4.4 of the propos

 vivo) and that 
a carcinogenic 
icity testing is 
arcinogenic in 
arcinogenic, at 

ed SPC does include a warning recommending patients avoid 

evealed no drug related effects on mating, 

y at any dose 
finitive rabbit 

ture delivery at 
 finding to be 
apolating from 
n in the region 

at intravenous doses of 
sed weight and 
ose is likely to 

eneration was 

findings were noted in the F1 or F2 generation. The proposed SPC reports that garenoxacin is 
ll nonclinical 

the SPC, that 
mended in the 

ntra-peritoneal, 
tion of garenoxacin. At a concentration of 2 

mg/ml (the concentration proposed for use in humans) garenoxacin was not associated with local 
e, 5% glucose, 
 a solution of 3 

. However, the 

exposure to UV irradiation and strong sunlight. 
 
A fertility and early embryonic development study in rats r
fertility or reproductive parameters or on early embryonic development at any dose (males 
administered up to 400 mg/kg/day and females up to 1000 mg/kg/day). 
 
No embryofetal toxicity was seen in the definitive rat embryofetal development stud
(pregnant rats administered up to 1000 mg/kg/day orally).  However, in the de
embryofetal development study garenoxacin was associated with abortions and prema
all doses (i.e. as low as 6.25 mg/kg intravenously). The applicant considers this
secondary to poor nutrition in the dams, resulting from reduced food consumption. Extr
the limited rabbit toxicokinetic data available, the AUC at this dose is likely to have bee
39 μg.h/ml, which is four fold less than that seen in humans administered repe
600 mg garenoxacin. Fetal findings were also noted in the rabbit study (slightly decrea
increased incidence of rudimentary thymus), at 25 mg/kg. Systemic exposure at this d
have been similar to that expected in humans administered repeat 600 mg doses.  
 
In the pre and postnatal development study in rats the only effect observed in the F1 g
increased caecal weights in offspring of dams treated with 1000 mg/kg. No additional drug related 

contraindicated in pregnancy and section 4.6 of the SPC reflects this. However, as a fu
reproductive toxicology package has been supplied the statement, in section 4.6 of 
animal studies are insufficient seems somewhat inappropriate. Alternative text is recom
list of questions. 
 
Local tolerance studies have examined reactions to garenoxacin following i
intravenous, paravenous and intra-arterial administra

reactions greater than those seen following administration of control solutions (salin
11% glucose and 5% dextrose, depending on the study). Paravenous administration of
mg/ml garenoxacin was slightly irritant, and intravenous administration of 10 mg/ml garenoxacin 
induced injection site reactions (thrombosis, oedema and inflammatory cell infiltration)
local tolerance studies were not performed with the final product. 
 
The antigenic potential of garenoxacin has been investigated in mice and guinea pigs using passive 
cutaneous anaphylaxis, and in guinea pigs using active systemic anaphylaxis, all with negative results. 
Additionally, garenoxacin was tested in an in vitro haemagglutination assay, also with n
 
Drug substance and finished product specifications show that, with the exception of the 
for dextrose adducts present in the intravenous formulation, all impurities are in line w
ICH guidelines. The applicant has provided data from toxicology studies in order 
proposed limit for d

egative results. 

proposed limit 
ith the relevant 
to qualify the 

extrose adducts. Additionally, the applicant has provided data from toxicology 
studies relating to a decarboxylated degradant reported to be present in the tablet formulation, 
although the limits proposed for this impurity (0.2%) are not such that qualification is a regulatory 
requirement. Dextrose adducts has been qualified by a 2 week repeat intravenous dosing study in rats 
that included assessment of genotoxic potential in a micronucleus assay, and in an in vitro 
mutagenicity assay to evaluate mutagenic potential at the hypoxanthine-guanine phosphoribosyl 
transferase (HGPRT) locus in Chinese hamster lung (V79) cells. Based on the studies with dextrose 
adducts, the proposed level of 0.5% in the finished product specification can be considered 
toxicologically qualified. 
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The phototoxicity of garenoxacin was investigated in a repeat oral dosing study in hairl
doses of up to 800 mg/kg/day (the top dose used). At this dose, levels of garenoxacin
skin are reported to be approximately 10 times those expected in humans treated with 
plasma garenoxacin levels were approximately 3 times the Cmax seen in humans adm
intravenous doses of 600 mg/kg/day. Similarly, no evidence of phototoxicity was seen i
guinea pig study in which garenoxacin was administered intravenously. Mean plasm
levels were approximately 3.5 times the Cmax seen in humans administered repeat intravenous doses

ess mice using 
 present in the 

the drug. Mean 
inistered repeat 
n a single dose 
a garenoxacin 

 
of 600 mg/kg. Data from these studies suggest that garenoxacin may be less phototoxic than 

y in which rats 

, the effects of 
enous and oral 

inistration for 
those expected 
imilar to those 

xposure levels 
cts, ciprofloxacin and 

norfloxacin, produced similar toxicity, although the degree of toxicity seen with these comparators 
nd joint levels 
acin was also 

city.  

tron microscope evaluation of joint cartilage and 
Achilles tendon demonstrated that oral garenoxacin, ciprofloxacin and ofloxacin induced 

pected in humans. The low animal to human safety margins for 
toxicity to articular cartilage and tendons derived from the juvenile animal studies is particularly 

plicant’s paediatric development plans. 

ubmitted an environmental risk assessment. There are some questions about this which 
need to be addressed (see list of questions). 

levofloxacin and ciprofloxacin. 
 
The ability of garenoxacin to induce crystalluria was investigated in a non-GLP stud
were administered single oral doses of up to 400 mg/kg, with no positive findings. 
 
As quinolone antibiotics are known to adversely affect cartilage in developing animals
garenoxacin were examined in 3 juvenile animal studies. In juvenile dogs both intrav
garenoxacin was seen to induce degeneration of articular cartilage following repeat adm
1 week. In the oral dosing study toxicity was seen at exposure levels (Cmax) similar to 
in the human population, while in the intravenous dosing study exposure levels (AUC) s
expected in humans were not associated with toxicity – toxicity was seen at e
approximately double those expected in humans. The comparator produ

was greater than that seen with garenoxacin. This was despite the fact that the plasma a
of the drugs were greatest for garenoxacin. In the intravenous dosing study trovaflox
used as a comparator product, and this was not seen to induce any signs of articular toxi
 
In an investigative study in immature rats elec

ultrastructural changes typical of quinolone antibiotics. These effects were seen at exposure levels 
(plasma Cmax) similar to those ex

relevant given the ap
 
The applicant s

 
 
III.3 Clinical aspects 
 
Pharmacokinetics 
 
The absolute bioavailability of garenoxacin was determined in fasting healthy subjects. The geo
mean for the absolute oral bioavailability of a 600 mg garenoxacin dose was determin
Cmax following IV administration was 35% greater than afte

metric 
ed to be 92%. 

r the oral dose. 
 
Bioequivalence was demonstrated between the clinical study formulation (one 200 mg + one 400 mg 
tablet) and commercial tablets (one 200 mg [not to be marketed] + one 400 mg or a single 600 mg 
tablet).   
 
The effect of food was assessed by administering 2 x 200 mg tablets in the fasting state and after a 
standard high-fat meal (945 kcal; 55 g fat, 82 g CHO and 32 g protein).  
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etric Means  f Fed/Fasted (90% 

Confidence Interval)  Geom Ratio oPharmacokinetic 
Variable  

Fasted Fed   
Cmax (µg/mL)  5.76  4.69  (0.71, 0.94)    0.81
AUC(INF) (µg•hr/ml)  .7  63.8  89 (0.85, 0.93)  71 0.

 
Fasted  Fed   

Parame  13)  (N = 13)  ter  (N =
Tmax  edian  1.0  2.0  M

(hr) (Min-Max)  (0.5 –4.0)  (0.75 – 3.0)  
T-HALF  Mean  14.1  14.9  

(hr)  (S.D.)  (2.6)  (2.7)  
AUC(0-T) Geo. Mean  69.6  61.8  

(µg•h/ml)  (%CV)  (24.0)  (20.0)  
 
In the light of the correlation between the AUC/MIC ratio and efficacy it seemed th
food was not likely to be clinically important and dosing was without regard to food 
studies.  
 

at the effect of 
in all Phase III 

Single and multiple oral dose studies suggested that increments in Cmax were fairly dose-proportional 
 to 800 mg but were  e he 1 e group. crements in AUC(TAU) 

were fairly dose-proportio  40 xpe  and 14 in the 800 
 on all 3 day  1200 

 enoxa ay 1 (n Day 7
 

Day 14 (n = 6)a 

up  higher than
nal up to

xpected in t
0 mg but were higher t

200 mg dos
han e

In
cted on days 7

mg group and s in the mg group. 
 

Gar cin D  = 6)  (n = 6) 

Cmax (µg/ml)  100 mg 1.2 (23. 1.5 1.6 (37.0)  2) (23.1) 
Geometric M
C.V. %) 

ean  
 

0 mg
0 mg

2.4 (15.
6 (14

2.9 
5.2 

3.0 (9.2) 
5.6 (17.6) 

20  
40  4.

2) 
.8) 

(15.9) 
(15.8) 

 0 mg 5 (12 12.6 14.4 (40.4) 80  9. .8)  (32.2) 
 00 m .3 (31. 21.5 24.0 (34.8) 12 g 16 8)  (37.9) 
AUC(TAU)b(µg•h/ml) 100 mg 11.5 (21.3) 15.6 (18.6) 15.7 (20.5) 

.7 (17.3) 
8.6 (19.9) 

Geometric Mean 
(C.V.%)  

200 mg 
400 mg 

23.3 (19.0) 
45.2 (15.6) 

31.0 (17.6) 
58.5 (23.1) 

32
5

 800 mg 100.7 (10.7) 157.9 (44.5) 180.8 (48.8) 
 1200 mg 179.8 (30.0) 271.0 (36.5) 307.3 (31.2) 

 

in Cmax and 
F) on Day 1 were approximately proportionate to dose 

exposure were 
egree of time 

udy the results showed a predictable modest accumulation following 400 mg oral daily 
doses over 28 days. The pharmacokinetics of garenoxacin was considered to be time-independent 
following repeated oral administration at this dose level. 
 
Single and multiple intravenous doses

 
The applicant concluded that within the 100 mg to 400 mg dose range increases 
AUC(TAU) on Days 1, 7, and 14 and AUC(IN
and were time-independent. At doses of 800 and 1200 mg increases in systemic 
somewhat greater than the dose increment and appeared to demonstrate some d
dependence.  
 
In a further st

 indicated that steady state was reached on day 4 at all dose 
levels (200-800 mg). Cmax and AUC(TAU) on Days 1, 11 and 18 and AUC(INF) on Day 1 increased 
proportionately to dose. Geometric means for the AUC(TAU) accumulation index (all were from 1.2 
to 1.5) appeared to be independent of dose and were similar on Days 11 and 18 (i.e. days 7 and 14 of 
multiple dosing).  
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In-vitro protein binding was constant over the range 0.005-0.05 mg/ml in human seru
percent bound of 87%. Binding was mainly to HSA binding site I but there was also b
protein fractions. With Cmax values of 15.4 µg/ml and 11.4 µg/ml after 600

m with a mean 
inding to other 

 mg IV and PO doses, 
 to 83.9%.  respectively, the protein binding of garenoxacin in serum is predicted to be 83.6%

 
In breast milk, 0.07% (0.42 mg) of a 600 mg oral dose was recovered within 
 

120 hour post-dose. 

gpUsing Caco-2 cells, results suggested that garenoxacin is unlikely to be a substrate of P- . 
 
In-vitro biotransformation studies in human liver microsomes indicated that at concentra
100 µM (4.26 and 42.6 µg/ml) unlabelled garenoxacin there was no NADPH-dependen
including CYP-mediated oxidative metabolism. Biotransformation of [14C]-gare
investigated in vitro with cDNA expressed human CYP isozymes of types 1A2, 2A6, 2D6, 2E1, 3A4, 

tions of 10 or 
t metabolism, 
noxacin was 

2C9 and 2C19. The only positive finding was that CYP2C9 catalysed formation of a minor 
l samples. The 

hibit

unidentified metabolite (< 4%) that was not observed in human plasma, urine or faeca
parent compound was the major component in liver S9 incubation samples. 
 
The ability of garenoxacin (40, 200, and 1000 µM [17.1, 85.3, and 426.4 µg/mL]) to in  CYP1A2, 

reference substrates. There was <15% inhibition in all cases at up to 200 µM. Results from 
r

2A6, 2C9, 2C19, 2D6, 2E1 and 3A4 was studied in human hepatic microsomes using appropriate 

quantification of CYP gene induction indicated that garenoxacin was not an induce  of CYP1A2, 
ats with similar 

e (> 95%) was 
acin. In urine, two minor metabolites were identified as the acyl glucuronide 

(M6) and sulphate (M1) conjugates and accounted for 3% and 2% of radioactivity, respectively. In the 
 of the faecal 

 also detected, 
 in-vivo inter-

 
ivity was 13% 
r garenoxacin. 
 in faeces. The 
for unchanged 

mate based on 
acin following 
rate, indicating 

CYP2C19, CYP2C9, CYP2D6, CYP2E1 and CYP3A4. Induction was also studied in r
conclusions regarding CYP1A1/2, 2B1, 2C6, 2C11, 2E1, and 3A2. 
 
In a mass balance study most of the radioactivity in plasma (> 94%) and pooled urin
unchanged [14C]-garenox

pooled faeces (0-192 h), unchanged drug amounted to 34% and M1 accounted for 55%
radioactivity. Some other minor metabolites, including M4 (lactam derivative), were
each accounting for ≤1% of the faecal radioactivity. Garenoxacin did not undergo
conversion to the S-enantiomer. 

There is no major circulating metabolite(s), for instance, the Cmax of total radioact
greater and AUC(INF) was approximately 6% greater than corresponding values fo
Sampling up to 192 h gave 42% of the radioactivity dose recovered in urine and 45%
percentage of the radioactive dose excreted in the urine was similar to the estimate 
garenoxacin (38.9%).  
 
The percentage of the radioactive dose excreted in the urine was similar to the esti
unchanged garenoxacin (38.9%). Values for mean renal clearance of unbound garenox
oral administration were similar to or greater than the anticipated glomerular filtration 
that garenoxacin undergoes both glomerular filtration and tubular secretion. Crystalluria was not 

0 mg for up to 

Population PK/PD analyses

detected in urine following 14 days of oral dosing with up to 1200 mg, oral doses of 40
28 days or 14 days dosing intravenously with up to 800 mg daily.  
 

 were performed on data collected from 721 patients with acute bacterial 
P) and acute 

 either 5 or 10 
 described the 

pharmacokinetics of garenoxacin. In the final model, garenoxacin clearance was dependent on 
estimated creatinine clearance (CLcr), ideal body weight (IBW), age, obesity and concomitant use of 
pseudoephedrine (see below). Volume of distribution (V/F) was shown to be influenced by body 
weight and gender, with a 17.7 l increase for males.  
 
Further examination of the significant covariates showed that patients with mild (CLcr 51-80 ml/min) 
or moderate (CLcr 30-50 ml/min) renal dysfunction have approximately a 14 or 25 mL/min decrease 
in apparent oral clearance (CL/F), respectively, compared to patients of the same gender and obesity 

exacerbation of chronic bronchitis (AECB), community acquired pneumonia (CA
bacterial sinusitis (ABS) who were treated with oral doses of 400 mg once daily for
days. A one-compartment model with first-order absorption and elimination adequately
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classification with normal renal function. The CV% for CL/F) was 25% and that for 
The applicant concluded that the relationships detected did not warrant dose adjustm
with these covariates. This was based on the similarities in exposures between patien
volunteers and the PK/PD analysis of safety. The applicant considered AUC (range 42.1
and Cmax (range 3.52-13.6 μg/ml) were not statistica

V/F was 19%. 
ent in patients 
ts and healthy 
-216 μg·h/mL) 

lly significant predictors of occurrence of AEs 
. ~xr40i  and established a wide therapeutic index for garenoxacin

 
In a study of renal impairment single 600 mg doses were given to: 
Group A: CLcr > 80 ml/min; matched to Group B for age (± 5 years), weight (± 20%) a
Group B: CLcr < 30 mL/min but not requiring dialysis

nd gender. 

ose was given 
14 da odialy

ng do ely p e fir te fluid for that day.  

cokinetic 
ter  

Group  djGeom
Mean 

Contra  Adj. Geo. Means 
te (90% CI)  

 
Group C: needing haemodialysis (HD) dosed 3 hours prior to haemodialysis. A second d

ys later and immediately
Group D: needi

 after completion of 
sed immediat

haem
rior to th

sis 
st instillation of dialysaCAPD 

 
Pharma
Parame

A etric 
 

st  Ratios of
Pt. Estima

Cmax (µg/ml)  A 12.6 
6, 1.129) B 10.1 B versus A 0.799 (0.56

AUC(INF) 
(µg•h/ml)  

A 
B 

136.4 
205.4 B versus A 1.506 (1.113, 2.038) 

 
The HD extraction ratios were similar (approximately 14%) when HD was performed 3 h post dose 

ons of the dose 
remo  approximately 
3% o
 
Base
- the AUC:MIC 

ablished pharmacodynamic predictor of efficacy for quinolones. 
ally significant 

cluding HD or 
inistered after 

(Group C Phase 1) or approximately 68 h post dose (Group C Phase 2). The proporti
ved by HD were approximately 11% and 1.5%, respectively. In CAPD subjects
f the dose was removed over 72 h. 

d on this study, the applicant concluded that: 
The decrease in Cmax with renal impairment is not clinically significant since 
ratio is the est

- The increases in AUC with renal impairment (B and D vs A) are not clinic
because of the broad therapeutic index. 

- Garenoxacin may be administered to those with severe renal impairment, in
CAPD patients, without dose adjustment. Garenoxacin should be adm
completion of HD. 

 
In a study of hepatic impairment single doses of 600 mg were given with fasting for 2 
the dose to subjects of Child-Pugh

h either side of 
 A (N=6), Child-Pugh B (N=6), Child-Pugh C (N=2) and Group D 

of healthy controls (N=6). Without the data from a single outlier, the applicant considered that there 
was no effect of mild hepatic impairment (A) on Cmax but there was an effect seen for Groups B and 
C. In contrast, it was concluded that there was no effect for any group with respect to AUC(INF). 
When the outlier data were included, the comparison of AUC(INF) for group A vs D failed to meet the 
pre-defined 90% CI. The applicant concluded that no dose adjustment is required in patients with 
hepatic impairment. 
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Stat alysis excluding outlier in group A 

cokinetic 
Para   Group 

djuste
tric 

Mean
Contrast  f Adj. Geo. Means 

ate (90% CI)  

istical an

 
A

GeomePharma
meter

d 

  
Ratios o
Pt. Estim

  A 9.76 A versu 9 (0.693, 1.142) s D 0.88

(µg/l)  B 
C 

8.34 
7.03 

B versus D 
C versus

0.760 (0.599, 0.964) 
1 (0.458, 0.897) Cmax  D 0.64

  D 10.97 N/A N/A 

AUC(INF)(µg•h/ml)  

A 
B 

113.9 
108.6 

A versus D 
B versus D 

1.008 (0.808, 1.258) 
0.961 (0.779, 1.187) 

8, 1.358) 
 

C 
D 

113.9 
113.0 

C versus D 
N/A 

1.008 (0.74
N/A

 
The population PK analysis in patients detected a 14% decrease in garenoxacin c
0.00001) for patients co-administered 

learance (p < 
pseudoephedrine, which may be due to comp

active tubular secretion pathway involved in garenoxacin elimination.  
etition for the 

 
In an interaction study concomitant intravenous morphine reduced the Cmax 
garenoxacin such that 90% CI around the Cmax ratio were outside the 80, 125 limits w
the AUC ratio were within these limits but did not span 1.00.  
 
There were increases in Cmax and AUC(tau) 

and AUC(inf) 
hile those for 

digoxin when garenoxacin was added suc
did not span 1.00 and exceeded 125% fo

h that 90% CI 
r Cmax. However, trough digoxin serum concentrations did 

not exceed the normal therapeutic range (0.8 to 2.0 ng/mL). Mean digoxin %UR at steady state was 
rance was not 
ile these were 

renoxacin plus 

Exposure to garenoxacin was reduced by 58% when co-administered with Maalox

not altered by co-administration with garenoxacin and the mean digoxin renal clea
affected. However, there were decreases in mean systolic bp on co-administration. Wh
not symptomatic in healthy subjects, patients in efficacy studies who received ga
digoxin were at higher risk of hypotensive events. 
 

. Garenoxacin 
 when it was administered 4 h prior to Maalox whereas administration 2 h 

12% lower 
7. Exposure to 
x, respectively. 

exposure was not affected
prior to Maalox gave adjusted geometric means of Cmax and AUC(INF) that were 3% and 
compared to garenoxacin alone and the lower 90% CI for the AUC(INF) ratio was 0.7
garenoxacin was reduced by 22% and 16% when administered 2 h and 4 h after Maalo
There was no important effect of omeprazole on the pharmacokinetics of garenoxacin. 
 
Comment on pharmacokinetics 

s an alternative 
ve appropriate 
also would not 
n garenoxacin 
on for no dose 

There seems to be a potential for interaction with pseudoephedrine at the level of tubular secretion but 
the exact pathway(s) utilised by garenoxacin has not been elucidated. The slight reduction in exposure 
on co-administration with IV morphine should at least be reflected in the SPC since a clinically 
significant interaction with opiate pre-medicants cannot be ruled out. The applicant dismissed the 
observations made from the interaction study with digoxin. However, reliance on comparisons of 
mean values may hide significant changes in individual subjects that might occur if the interaction is at 
the level of renal excretion. The pharmacokinetic data and the potential for hypotensive events on co-
administration should be adequately reflected in the SPC. Overall, the applicant needs to further justify 

 
The study of renal impairment does not comply with the CHMP recommendations. A
to performing a new study, the applicant might be able to use PK modelling to deri
recommendations for dose adjustments. The study in persons with hepatic impairment 
meet CHMP recommendations. While a significant effect of hepatic impairment o
would seem unlikely this issue should be explored further to justify the recommendati
adjustment. 
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the limited scope of the drug interaction studies thus far and should make proposals to address the 
potential for interactions at the level of the renal tubule.  
 

th estimates of 
isomerase. As 

organisms seems to be the GyrA subunit of 
s but the GrlA 

S. 
sms were ≥ 30, 

xacin is not predicted to be active against Pseudomonas spp. 
 
The ten

 
Pharmacodynamics 
 
Garenoxacin was highly selective for bacterial compared to human topoisomerase, wi
selectivity that ranged from 26 to > 3000, depending on the study and the bacterial topo
with other quinolones the primary target in Gram-negative 
DNA gyrase. It is more difficult to discern primary targets in Gram-positive organism
subunit of Topo IV is commonly implicated at least in staphylococci.  
 
In a range of studies the ƒAUC/MIC ratios predictive of efficacy for garenoxacin against 
pneumoniae, S. aureus, Enterobacteriaceae and non-fermentative Gram-negative organi
≥ 60, ≥ 80 and ≥ 90, respectively. Gareno

ex sive in-vitro susceptibility data showed that MIC90 values did not exceed 0.25 mg/l for the 
majo

g/l. This reflects the co-resistance to 

MIC90 for enterococcal species was from 1-8 mg/l 
- , Proteus and Serratia were up to 1 mg/l 

e Bacteroides 

The evidence generally pointed to cross-resistance between other quinolones and garenoxacin. 

rity of species. Notable exceptions included: 
m- MIC90 for MRSA and MRSE were from 1-8 

quinolones that is observed in methicillin-resistant staphylococci. 
- 

MIC90 for Klebsiella
- MIC90 for Acinetobacter and Pseudomonas were 8-64 mg/l 
- The susceptibility of anaerobes varied, the least susceptible were som
species.  
- C. difficile is highly resistant 

 

However, there did seem to be some potential for garenoxacin to retain useful activity against certain 
re are also data 
rtain types of 

pneumococci that showed reduced susceptibility to ciprofloxacin and levofloxacin. The
to indicate that garenoxacin may be active against specific staphylococci with ce
mutational resistance to ciprofloxacin. 
 
Secondary pharmacology 
 
Intravenous garenoxacin is given in 5% glucose so that infusions to healthy subjects
accompanied by mild to moderate elevations in 

 were initially 
serum glucose levels but a mean decre

of 21.3 ± 11.2 mg/dl was noted at 30 minutes after the end of infusion. In an open label, non-placebo 
ase in glucose 

mg/dL (from a 
e change from 

 1 hour after oral administration. 
 baseline that 

ot all subjects 
ange. 

In a study in healthy subjects no dose-related patterns were observed in any of the simple reaction time

controlled study, after oral dosing serum glucose decreased to a mean value of 79.1 
baseline of 90.4 mg/dl) at 1 h but this had normalised by 3 h post-dose. A negativ
baseline in serum glucose was noted in all subjects at 40 minutes and
There was a weak trend towards an increase in mean serum insulin or mean change from
normalised by 1.5 h. The maximum increase was noted at 40 minutes post-dose but n
had a positive change from baseline vs time. Mean serum c-peptide did not appear to ch
 

 
(SRT), continuous performance time (CPT) or digit symbol substitution (DSS) test v
garenoxacin was given at doses of up to 1200 mg administered orally for 14 days. 

ariables when 

 
Intravenous dosing for 14 days at various doses did not adversely affect adrenal function and there was 
no adverse effect on thyroid function. Photographs and visual inspection were used to assess any 
effects on the buccal mucosa (particularly discoloration) during 28 days dosing in study 008 but none 
was observed. 
 
In a study of photosensitivity, the percent decreases in MED were similar between garenoxacin and 
placebo at 400 ± 30 nm, 430 ± 30 nm and the whole light spectrum. No subjects in the placebo or 

 ©EMEA 2007 21/56 



 

garenoxacin groups had a PI > 5.0 on Day 7, suggesting that doses up to 800 mg do not have a 
potential to cause delayed erythema or pigmentation. 

 
In a study of systolic blood pressure (bp) in sodium chloride-depleted healthy subjects, changes in 
semi-recumbent systolic bp showed that: 
o The infusion rate appeared to affect the profile of ∆SBP and ∆HR within the firs

the start of the infusion on Day 1, with related AEs (i.e., dizziness or symptomati
only noted in the 1 h garenoxacin infusi

t 3 h following 
c hypotension) 

on group. A greater incidence of decrease in SBP > 10 
roup compared 

mitigated by a 
ot mitigate the 

 anticipated to 
this period of 

administration was chosen for the efficacy studies. 
noxacin and placebo 

ges in SBP or HR.  
  
The clinical programme did not include a formal study of effects on QTc

mmHg and decrease in HR > 10 bpm was noted for the 1 h garenoxacin infusion g
to the 3 h garenoxacin or placebo infusion groups. 

o The applicant decided that early changes in SBP and/or HR in patients might be 
longer infusion duration (i.e., 3 h) but decreasing the rate of infusion would likely n
late changes (> 3.5 h after the start of infusion) in SBP and/or HR. 

o Following the first day of dosing, no additional decrease in mean SBP or HR was
occur on subsequent days of dosing with a 1 h garenoxacin infusion and 

o Changes from baseline in histamine concentrations were similar for gare
groups, were not affected by the rate of infusion and did not correlate with chan

 in accordance with the 

hy subjects 

of garenoxacin 
g and 600 mg for up to 14 days. The report includes data from 224 subjects 

TcB intervals 
bjects had any QTcB interval > 450 ms for males or > 470 ms for females.  

in 2% prior to 
up to 800 mg 

- One male given garenoxacin 400 m  had a ∆QTcB > 60 ms on Day 7 only despite continued 

iprofloxacin, 22% for 

ministration for 
of 600 mg IV on Day 14.  

d at baseline, 
5. For 

. 
B were similar 

 genders, 1% 
for those <65 years and 2% for those ≥ 65 years, 2% for those with hypokalaemia or on concomitant 
anti-arrhythmic drugs treatment vs <1% for those with neither of these conditions. Similar findings 
applied on Days 3 through 5. All patients with QTc >500 ms were ≥ 65 years of age. Three patients 
had a change from baseline of >60 ms that resulted in QTc intervals of >500 ms. One garenoxacin 
patient (89 year-old female) had a change from baseline of 140 ms on Day 15 with syncope and was 
discontinued. Eight days later she had another episode of syncope and Torsade de pointes, which was 
attributed by the investigator to sotalol. Another garenoxacin patient (66-year-old male) had self-
limiting ventricular tachycardia with prolonged QTc on Day 5 and was discontinued.  
 
 
 
 

CHMP NfG. In place of this, the applicant presented: 
- An integrated retrospective analysis of QTc data from 5 Phase I studies in healt
- An integrated analysis of QTc data derived from 5 IV to PO Phase III studies  
 
In the five studies in healthy subjects, serial ECGs were obtained during administration 
including doses of 400 m
aged from 18-45 years of which 149/224 received garenoxacin (88% male). Regarding Q
- No su
- QTcB intervals between 431-450 ms (males) or 451-470 ms (females) occurred 

dosing and in 4% after receiving garenoxacin doses up to 1200 mg orally or 
intravenously. 

g
dosing.  

- The incidence of ∆QTcB 30-60 ms was 25% for placebo, 36% for c
lomefloxacin and 27% for garenoxacin.  

- There was no clear relationship between dose, route of administration or day of ad
garenoxacin doses up to 1200 mg PO or 800 mg IV, with the exception 

 
In the five Phase III studies of IV-to-PO garenoxacin administration ECGs were obtaine
at approximately the end of the infusion on Day 1 and once during treatment on Days 3-
garenoxacin patients the mean QTcB change was -8.7 ms on Day 1 and -7.4 ms on Day 3-5
Corresponding mean QTcF changes were -4.7 ms and 4.4 ms. Changes in QTcF or QTc
for patients given garenoxacin or comparators (including levofloxacin).  
 
For garenoxacin patients the frequency of QTc change >60 ms on Day 1 was 1% for both
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Comment on pharmacodynamics 
 
Antibacterial activity 
The in-vitro data suggested that garenoxacin was very unlikely to have useful clinical a
the difficult to treat non-fermenters, including P. aeruginosa, some anaerobic species a
that have reduced susceptibility to ciprofloxacin and other quinolones except
pneumococci and staphylococci with certain mutations. PK/PD considerations suggested that activity

ctivity against 
nd organisms 

, perhaps, for 
 

 be dubious against some of the enterobacterial species even when quinolone-susceptible.  might also
 
Hypotension 
Data in patients demonstrated an association between garenoxacin (especially IV) 
hypotension, especially in patients with some other risk fac

and reports of 
tors. The applicant has proposed that 

e, histamine sensitisation and some affinity of garenoxacin for β-adrenergic receptors histamine releas
may be involved and the issue is discussed further in the section on safety. 
 
Cardiac conduction 
The applicant has not conducted a study to investigate effects on the QT interval in a
the CHMP guidance. However, the data suggest that garenoxacin likely has a low poten
the QTc interval among the quinolones. The applicant should conduct a study in ac
CHMP guidance before approval can be considered and the it is SPC should reflect the 
Garenoxacin also appeared to have so

ccordance with 
tial to prolong 
cordance with 

findings.  
me concentration-dependent effect on the PR interval at least on 

Day 1 of dosing. The prolongations were limited to first degree AV block, were asymptomatic and 
potential for an 
 this should be 

reversible. While these effects are unlikely to be clinically significant there could be a 
additive effect with any co-administered drug that may also prolong the PR interval and
adequately covered as a warning in the SPC. 
 
Glucose homeostasis 
If anything, there may be a trend to lower glucose levels associated with garenoxacin. Further 

e-authorisation 
e data and all 

e Risk Management Plan.  
 
Other issues

analysisare requested. The applicant should perform a well-designed study in diabetic persons (Types 
1 and 2 diabetes) to further evaluate this matter. Whether this has to be completed pr
will be considered in the light of the company’s answers. The SPC should reflect th
changes in glucose homeostasis should receive special attention in th

 
did not appear to have significant effects on adrenal or thyroid function. Compared to 

lones the risk of phototoxicity seems to be low but the applicant has placed a warning 
an discoloration 

 three Phase II 
hat log2(MIC) (p = 0.0186) was a significant predictor of clinical 

 of MIC value 
 the maximum 

probability of clinical failure, which corresponded to an MIC of 32 μg/ml, was approximately 0.27 
while the minimum probability of clinical failure, at an MIC of 0.004 μg/ml, was about 0.055. 
 
o The applicant considered that a dose of 400 mg once daily for treating respiratory tract-

associated infections (including CAP, AECB and ABS) would achieve the target ƒAUC/MIC 
ratio (i.e. ≥ 30) against S. pneumoniae.  

o In uSSTI the applicant calculated that 400 mg once daily would achieve the target ƒAUC/MIC 
ratio (i.e. ≥ 60) against quinolone-susceptible S. aureus. For quinolone-R staphylococci, with a 

Garenoxacin 
other quino
statement to avoid undue UV exposure during therapy and this is appropriate. The org
detected in animals is of unknown clinical relevance if, indeed, it occurs in man. 
 
 
Clinical efficacy 
 
Choice of dose 
There were no dose-response studies although some studies looked at different durations (see below).  
 
From the applicant’s report on the population PK analysis and based on outcomes in the
studies, regression analysis showed t
failure across all pathogens. An odds ratio of 1.153 indicated that for each doubling
there was approximately a 15% greater chance of clinical failure. Under this model,
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MIC90 garenoxacin around 4 µg/ml, the ƒAUC/MIC ratio would be <10 at doses of 400 mg or 

AUC/MIC and 
ose 

afloxacin and ciprofloxacin even though these ratios fell 

ent rates for 
eumoniae. The 
edicted clinical 

se pathogens. Against S. pneumoniae garenoxacin had a 98% attainment rate for an 
AUC24/MIC of 120, which suggested the possibility of clinical efficacy against some levofloxacin-

 

linical studies 
 studies were conducted between 1999 and 2003 in 

urope, Russia, 
eru, Chile, Venezuela, 

the range of indications sought, these will be discussed 
/PO.  
ies considered 

 this Overview.  

600 mg. 
o For cSSTI and IAI garenoxacin at 600 mg once daily was expected to provide 

ƒAUC/MIC ratios for the range of possible pathogens that were similar to or higher than th
achieved with approved doses of trov
below the target cut-off for predicting efficacy.  

 
Monte Carlo simulation was used to assess the pharmacodynamic target attainm
garenoxacin 400 mg once daily against quinolone-susceptible S. aureus and S. pn
AUC24/MIC ratio attainment rates against these organisms were > 97% and so pr
efficacy against the

resistant pneumococci.  

 
Efficacy by indication claimed 
 
The data supporting the efficacy of garenoxacin are derived from 19 Phase II/III c
completed by a previous licensee. The clinical
North America (USA, including Puerto Rico, and Canada), Europe (including Eastern E
and Turkey) and the rest of the world (Mexico, Argentina, Costa Rica, Brazil, P
Israel, South Africa, Australia, Taiwan and Korea). 
 

 Due to the large number of studies and 
by indication in the sub-sections that follow regardless of whether PO only or IV

 Due to the length of the clinical study report, only the briefest details of the stud
to be most important can be described in

 
Features common to the majority or all studies included: 
o Prior antibacterial therapy was to be limited to no more than 24 h in the 7 days prio
o It was not required to remove patients from study just because they had a resistant path

r to enrolment.  
ogen 

 
the sponsor not 

erapy but the 
ld between 21-
. 

CRFs. However, the sponsor performed a blinded review 
ability and then outcomes 

ere he database and 
 the sponsor’s 

tudy and generally involved 10% or less of the total study participants. 
In ge ny inadvertent 
unbli onservative. 

 
o The pre-defined populations were: 

1) All Treated = All randomised who received at least one dose of study drug. 
2)  Clinically Eligible = All Treated who met the diagnosis  
3)  Clinically Evaluable (CE) = All Clinically Eligible who met all of the following 

 criteria: 
a) received pre-specified duration of study drug (usually at least 5 days and at least 3 
days if a treatment failure) plus minimum number of IV doses in Iv to PO studies. 
b) received no non-study systemic antibiotic active against the causative pathogens 

isolated from baseline samples only after enrolment. 
o Randomisation was by automated systems in all studies. 

  
o Phase III studies were double blind and double dummy. In some instances (IV to PO studies) it

was necessary that a study site pharmacist was unblinded and also a monitor from 
otherwise involved in the studies checked drug compliance and accounting. 

o Test of cure (TOC) visits were held at least 5 days after the completion of th
acceptable window varied by indication. Later follow-up visits were generally he
28 days post-therapy but were employed in only some indications as detailed below

 
o Investigators assigned outcomes in the 

of these in order to classify patients with regard to eligibility and evalu
sary before unblinding tw re-assigned for some patients as seemed neces

performing the analyses. Details of the numbers with outcomes re-classified by
reviewer are provided by s

neral, there is no suggestion form these re-assignments that there was a
nding of the sponsor’s reviewers and their approach seems to have been c
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c) had a TOC visit in the pre-defined window or when declared a failure. 
4)  Microbiologically Evaluable (ME) = CE with a pathogen 

re preliminary 
rral of isolates 
 susceptibility 

analyses 
hich case any 

re identified by 
, USA. Paired 
as collected for 

antigen testing. An algorithm was developed to determine the level of certainty of 
diagnosis of these pathogens based on published work and the experience of the expert laboratory 
used.  

i mmarised as follows: 

 
04  

Open-labe
n-

Comparative 
00 mg) QD  10   

 
o Straightforward bacteriological studies were performed by local laboratories, whe

susceptibility testing was also conducted. Central laboratories were used for refe
after primary culture for confirmation of identity. Central laboratories performed
testing to garenoxacin and to commonly used agents as appropriate to the species. The 
used the results from the central laboratories unless these were not available, in w
available local laboratory results were used. 

o In Phase III CAP studies, M. pneumoniae, L. pneumophila, and C. pneumoniae we
culture, PCR and/or serology testing at the University of Louisville, Kentucky
serology was performed for pre-treatment, TOC and FU visit samples and urine w
Legionella 

 
CAP 
 
The stud es can be su
 

Phase II 

AI4640

l,  
No 400 mg PO (2 x 2 days 208 Outpatients 

 
Phase I in 5 days  II   
 

Oral; garenoxac   

 
AI464017  

R, DB  
s  

ycin PO BID 7-10 

with 
mild to moderate 

 400 mg PO QD for 5 days  
v
500 mg clarithrom
days 

310 Outpatients 

 
1   

R DB  

xiclav PO q8h for 7-

360 Outpatients with 
mild to moderate 

 
AI4640 8

400 mg PO QD for 5 days 
vs  
500/125 mg co-amo
10 days 

AI464081
400 mg PO QD for 5 days  

xicillin caps PO q8h for 10 days 
Mild to moderate    R, DB  vs  

1 g amo
308 

 
I

 
10 days    Phase II   Oral; garenoxacin 7-

AI464019  R, DB  

400 mg PO QD  
  

oxacin QD 
ys   

270 Outpatients  vs
500 mg levofl
Both 7-10 da

AI464029   DB  
 romycin PO BID   

 

315 Outpatients  R,
400 mg PO QD  
vs  
500 mg clarith
Both for 7-10 days

 
I    Phase 

 
II   IV to PO 

AI464020  R, DB  

O 

ne IV QD +/- 0.5-1 g 
erythromycin IV QID +/- 500 mg 
clarithromycin PO BID 
Both 7-10 days (≥2 days IV) 

406 Hospitalised  

400 mg IV QD +/- P
vs  
1-2 g ceftriaxo

AI464021  R, DB  

400 mg IV QD +/- PO 
vs  
500 mg levofloxacin IV QD +/- 500 mg 
PO QD  
Both 7-10 days (≥2 days IV) 

328 Hospitalised  

 
Phase III   IV to PO or PO only –  

pneumococcal study    
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AI46407 a

comparative 

 +/- PO  
 mg PO only QD 

For 7-14 days 
  

Inpatients and 
outpatients with 
CAP caused by 
Streptococcus 
pneumoniae 

 3  Open-l
Non-

bel,  400 mg IV QD
or 400

121 

 
 
Studies enrolled adults with evidence of CAP demonstrated by a new infiltrate(s) on ch
least 2 of fever (> 38°C oral, > 3

est x-ray and at 
8.5°C tympanic or > 39°C rectal), leucocytosis (> 10,000 white blood 

 consolidation cells/mm3 or > 15% band forms), cough, chest pain, rales and/or evidence of pulmonary
on auscultation and sputum production. 
 
Phase III comparative studies aimed to demonstrate non-inferiority between treatments in Clinically 

 at the TOC visits (5-18 days post-therapy). The pre-defined delta Evaluable (CE – see below) patients
was 15%. Extended follow-up visits were between 19-28 days post-therapy.  
 
Clinical responses were defined as follows: 
Cure: All acute signs and symptoms of pneumonia resolved or improved to a leve
additional antibiotic therapy was required AND chest X-ray abnormalities had either im

l such that no 
proved or not 

Failure
progressed 

: At least one of death due to pneumonia within 30 days of end of study treatment, persistence 
mptoms, development of new findings consistent with pneumonia, 
therapy given.  

or progression of signs and sy
additional or alternate antibiotic 
Unable to determine: Extenuating circumstances precluded classification as Cure or Failure. 

Comparative, oral, 5 days garenoxacin

 
 

 
 

nts th Fine Score ≤ 70 (Class I and II) conducted in N. America in 2000-2002Study 017 in patie  wi  
ere num y higher for garenoxa pre-defin o ion and lower 95% CI 

Clinical Respo G renoxacin Clarithromycin  

Cure rates w ericall cin in each ed p pulat
were within -5.1%. 
 

nse a   
Clinically Evaluab N  26  122   le  1  
 ure  20 (95) 110  (90)  C 1  
 6 (5)  12  (10)  Failure   
 % CI  -2.2, 12.3    95   
Clinically Eligible N  40   139    1

 Cure  27 (91) 119  (86)  1  
 11 (8)  17  (12)  Failure   
 able to Determ e     3  (2)  Un in 2 (1)

   -3.2, 13.4    95% CI  

All Treated  N  154   156   
 Cure  136 (88)  133  (85)  

 Failure  16 (10)  20  (13)  

 Unable to Determine  2 (1)   3  (2)  

 95% CI    -5.1, 11.2    
 
Clinical responses were 97% for garenoxacin and 88% for clarithromycin for those with ATS 
mild/moderate infections and 25/28 compared to 27/28 in respective treatment groups for those with 
severe disease. For Fine class I patients cure rates were 94% and 97% compared to 98% and 80% for 
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Fine class II. There were two relapses in each treatment group. The table below shows clinical 
outcomes by pathogen.  
 

Clinical Cure Rate by Pathoge Pathogen(s) 
hogen (%) 

n, Clinically Evaluable Subjects with 
 Number Cured/Number with Pat

Pathogen a/Subtype 
acin N =         Clarithromycin N = 88 Garenox 100         

  / 100 (95) 8 (90) 95  79 / 8
S. pneumoniae 29/32 (91)  (87) 20/23
Pen-S 22/24 (92) 1 (93) 4/15 
Pen-I 5/6 (83) (71) 5/7 
Pen-R 2/2 (100) -- 0 
Pen-Unknown 0 -- (100) 1/1 
H. influenzae 7/7 (100)  (80) 8/ 01
M. catarrhalis 10/10 (100) (100) 5/5 
S. aureus 17/18 (94)  (89) 16/18

MS/QR 1/1 (100) -- 0 

C. pneumoniae 17/18 (94) 13/13 (100) 
L. pneumophila 11/11 (100) 8/9 (89) 
M. pneumoniae 32/35 (91) 36/39 (92) 

 
Among the 12 evaluable patients who failed clarithromycin therapy two had clarithro
S. pneumoniae at bas

mycin-resistant 
eline, one had a clarithromycin-resistant S. aureus and one had an intermediately-

a per treatment 

frica, Europe 

susceptible H. parainfluenzae. There were two patients with pneumococcal bacteraemi
group and all four had documented eradication.  
 
Study 018 in patients with Fine Score ≤ 70 (Class I and II) conducted in S. America, S. A
and Russia in 2000-2002 
Cure rates at TOC were similar between treatments and lower 95% CI were within 
failures in the C

-5%. Of seven 
E population given garenoxacin, two had S. pneumoniae and one had H. influenzae 

susceptible to garenoxacin at baseline and two had evidence of M. pneumoniae. 
 
Clinical responses were 96% and 93% in respective treatment groups for those with ATS 
mild/moderate infections and 31/34 compared to 26/28 for those with severe disease. For Fine class I 
cure rates were 96% and 93% compared to 94% for both treatments for Fine class II. There were no 
confirmed relapses. 
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Clinical Respons Garenoxacin  Co-amoxiclav e 

Clinically  148  149  N  
Evaluable  n (%)  141 (95)  139 (93)  

 ilure, n (%)  7 5)  10 (7)  

95% CI  (-4.0, 7.9)  

Clinically Eligib 168  165  

 159 (95)  154 (93)  

 ilure, n (%)  8 5)  10 (6)  

Unable to Determine, n (%)  1 (1)  1 (1)  
 I  (-4.4, 7.0)  

All Treated  186  174  

 ured, n (%)  173 (93)  157 (90)  

 Failure, n (%)  11 (6)  15 (9)  

1)  

  (-3.5, 9.1)   

Cured, 

Fa (
  

le  N  
Cured, n (%)  

Fa (
 

95% C  

N  

C

 Unable to Determine, n (%)  2 (1)  2 (
 95% CI

 
Cure rates for pneumococcal infections were 14/16 for garenoxacin and 25/27 for co-amoxiclav 
compared to 25/26 and 20/23 for H. influenzae.  
 
Phase III studies – comparative, oral, 7-10 days garenoxacin 
 
Study 019 conducted in S. America, Europe, Israel and Russia in 2000-2001 
Clinical cure rates at TOC were similar between treatments and the lower 95% CI were ≤ 11% (and -
9.5 for CE patients). Cure rates were not affected oderate pneumonia by 
the ATS classification 92% re red to 3 garenoxacin and 35/38 

floxacin ho were classed as severe at b ne. The small n rs in Fine classes III or IV 
possib ine a trend althou ates for those in predictive class I (95% per 

eatment group) were a little higher than seen for those in class II (83% and 85% per group). 
 

Clinical Respon Garenoxacin Levofloxacin 

 by age. In those with m
cured compa

ild/m
4/39 given  per group we

given levo  w aseli umbe
make it im le to determ gh cure r
tr

se  

Clinically  124  124  N  
Evaluable  red, n (%)  112 (90)  114 (92)  

95% CI  (-9.5, 6.3)  

Clinically Eligible 134  133  

 118 (88)  121 (91)  

 Unable to Determine, n (%)  1 (1)  1 (1)  
 95% CI  (-11, 5.2)   

All Treated  N  136  134  

 Cured, n (%)  120 (88)  121 (90)  

 Unable to Determine, n (%)  2 (1)  2 (1)  
 95% CI  (-10, 6.1)   

Cu

  

 N  
Cured, n (%)  
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Overall cure rates in the ME population were 55/60 for garenoxacin and 69/76 for levo
for those with pneumococcal infections were 6/7 and 17/18, respectively. However, not
garenoxacin and two levofloxacin patients had this organism isolated from blood. Nu
influenzae were better balanced between groups with 12-13 cases of each per treatmen
these numbers are too small to com

floxacin. Rates 
e that only one 
mbers with H. 
t. However, all 

ment on any apparent differences in cure rates. Bacteriological 
outcomes reflected cure rates by pathogens.  
 
Study 029 conducted in N. and S. America in 2001-2002 
Clinical cure rates at TOC were similar between treatments and the lower 95% CI we
rates were not affected by age. In those with mild/moderate pneumonia by the ATS cla
and 89% per group were cured compared to 29/32 given garenoxacin and 25/26 given
who were classed as severe at baseline. The small numbers in Fine classes III or IV mak
to determine a trend and cure rates for those in predictive class I (97% and 93% per treatment group)

re ≥ 8%. Cure 
ssification 94% 
 clarithromycin 
e it impossible 

 
were generally similar to those in class II (93% and 90% per group). Among four garenoxacin and two 
clarithromycin patients with pneum b e  only one failure 
(described above for the clarithromycin resistant organism). 
 

Clinical Respon Garenoxacin Clarithromycin  

ococci in the lood at bas line there was

se  

Clinically Evaluable 137    N   128  

 Cured, n (%)  119 (93) 124  (91)  

 e, n (%)  9 13  (9)  Failur (7)  

 I    9, 9.8)   95% C (-4.

Clinically Eligible  14 148    N  8  

 ured, n (%)   132  (89)  C 133 (90)

 Failure, n (%)  15 (10) 14  (9)  

 Unable to Determine, n (%)  2  (1)   -- 

 I  , 8.3)   95% C   (-7.0

 
 

All Treated    59                  156   N  1    

 Cured, n (%)  141 (89)                    139  (89)  

 Failure, n (%)  17 (11)                      15  (10)  

 Unable to Determine, n (%)  1 (< 1)                       2  (1)  

 95% C .2)   I   (-8.0, 7

 
 
Cure rates in the ME population were 96% for ga and 87 ithromycin as shown 

en a/Subtype  
Garenoxa arithromycin N = 

94  

renoxacin % for clar
below.   
 

Pathog
cin N = 86  Cl

Number Cured/Number of Subjects with Pathogen (%)  82/86 (96)  85/94  (87)  
S. pneumoniae  15/17 (88)  17/21  (81)  
H. influenzae  6/6 (100)  8/9  (89)  
M. catarrhalis  5/6 (83)  3/5  (60)  
S. aureus  5/5 (100)  11/13  (85)  
MS/QNR  5/5 (100)  10/12  (83)  
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MR/QR  0  1/1  (100)  
K. pneumoniae  2/2 1/1  (100)  (100)  
M. pneumoniae  /31 36/39  (92)  29 (94)  
C. pneumoniae  /12 15/16  (94)  12 (100)  

L. pneumophila  14/14 (100)  9/10  (90)  

 
 
Microbiological responses in evaluable patients were similar to those for clinical cure rates by 

ion rates for pneumococci were 17/21 for 
/8 and 11/13. 

Phase III studies – comparative, IV to oral, 7-14 days garenoxacin

pathogen. For all patients with a pathogen, eradicat
garenoxacin and 21/25 for clarithromycin. For H. influenzae, corresponding rates were 7
 

 
. All patients were to receive at 

ere met: 
Patients were to have been hospitalised for < 24 h prior to study entry
least two doses IV and a switch to oral therapy could occur when pre-specified criteria w
 
Study 020 conducted in N and S. America, S. Africa and Australia in 2000-2002 
According to the modified ATS criteria, 73% and 74% of patients per treatment group had severe 

ferentiation by 
lasses IV or V 

ne. While 40% 
n of those treated with 2 g 

ceftriaxone daily received erythromycin (49% hose y ceftriaxone).    
 
The cure rates by p n below) r betwee s and the lower 95% CI 

. The single patient who relapsed had been treated with ceftriaxone. 

b  of Subjects  

CAP. Overall, 3% of patients received mechanical ventilation at some time. The dif
Fine classes showed that a slightly smaller proportion of garenoxacin patients were in c
while 56% and 54% per treatment group fell into classes I or II. 
 
More than half (57%) of comparative group patients received only 1 g daily ceftriaxo
overall received erythromycin, mostly at 1 g 6 hourly, a higher proportio

vs 37% among t  treated with 1 g dail

opulation (show  were simila n treatment
were within -10%
  

Num er (%)  

Clinical Response Garenoxacin  Ceftriaxone  

Clinically Evaluabl N  161   167   e  

 ured  14 (88)   147  (88)  
 ilure  20 20  (12)  

95% CI   (  2)    

Clinically Eligib 19   194   
 ured  16 (84)   166  (86)  
 Failure  31 (16)  28  (14)  

 
 
(82)  

 Failure  36 (18)   36  (18)  
 95% CI    (-7.9, 7.9)    

C 1 

Fa  (12)   
  -8.1, 7.

le  N  3 

C 2 
 

 95% CI    (-9.3, 6.0)   
All Treated  N  203   203  
 Cured  167 (82)   167  

 
Responses by potential risk factors showed that 89% of those aged 65 years or less were cured per 
treatment group with rates of 43/51 (84%) for garenoxacin and 66/76 (87%) for ceftriaxone among 
those aged > 65 years. For those with ATS severe disease respective cure rates were 89% and 85%. 
Rates by Fine classification are shown below. It is difficult to interpret these due to the relatively small 

 ©EMEA 2007 30/56 



 

numbers per group but, if anything, garenoxacin achieved lower cure rates than ceftriaxone for 
categories III-V.   
 

 Classification  Garenoxaci ftriaxone  Fine n  Ce

Class I  44 / 48 ) 38 / 41 (93) (92

Class II  44 / 48 ) 44 / 50 (88) (92

Class III  30 / 35 ) 25 / 27 (93) (86

Class IV  20 / 25 (80) 34 / 40 (85) 

Class V  3 / 5 (60) 6 / 9 (67) 
 
Of 17 cases of pneumococcal bacteraemia four were treated with garenoxacin and 13 with ceftriaxone. 
Only one failed, although post-baseline blood cultures were negative, and this patient received 

cal responses by le) were etween treatments as 
far as can be judged from the 86 garenoxacin and 104 ceftriaxone patients said to have a pathogen.  

a/Subtype  Garenoxacin N = 86  xone N = 104  

garenoxacin. Clini pathogen (next tab  generally similar b

 
Pathogen Ceftria

N Cured/N with pathogens (%) 75 86 (87) /  104  (87)   /   90  

S. pneumoniae  27 (8 /  42  (86)  23 / 5)  36  

H. influenzae  15 / 19 (7 /  4  (75)  9)  3  

M. catarrhalis  4 5  (8 /  5  (100)   / 0)  5  

S. aureus  8 11 (7 /  14  (86)   / 3)  12  

S. aureus(MS/QNR)  8 / 10 (80)  11  /  13  (85)  

C. pneumoniae  14 / 17 (82)  14  /  15  (93)  

L. pneumophila  2 / 3  (67)  16  /  16  (100)  

M. pneumoniae  26 / 28 (93)  23  /  27  (85)  
 

irrored the clinical outcomes. 
s 

re described in 
 new infection 
agnosed. 

Study 021 conducted in Europe, Russia, Israel, Turkey and Argentina in 2001-2002

The microbiological outcomes in the evaluable patients closely m
Eradication rates for all pathogens in this study were a little different in that for pneumococci the rate
were 25/32 (78%) for garenoxacin and 43/49 (88%) for ceftriaxone. New infections we
27 (13%) garenoxacin and in 22 (11%) ceftriaxone group patients. The most common
was oral candidiasis (in 10 and 5 per group) while 3 and one per group had C. difficile di
 

 
The clinical cure rates at TOC indicated non-inferiority between garenoxacin and levofloxacin with 
lower 95% CI within -7% for all three comparisons. Of the 19 treatment failures among CE patients, 
two in the levofloxacin group had pneumococcal infection at baseline, one in the blood. Of the 10 
other patients in this study with pneumococcal bacteraemia, 8 received garenoxacin and 2/8 were not 
CE and were deemed to have failed in the secondary analyses. Only one patient (treated with 
garenoxacin) relapsed. 
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 of Subjects (%Number )   

 Levofloxacin Garenoxacin 

Clinically Evaluab          145  le  N  141                       
 n (%)         134 (92)  

  n (%)  8                          11 (8)  
 I  4.5   
Clinically Eligible          159  
               143 (90)  

 ilure, n (%)  1 )                        16 (10)  
Unable to Determine, n (% 1  (< 1)                     0  

 I  6.9   
All Treated   
 d, n (%)  1 0)                    146 (89)  

 Failure, n (%)  15  (9)                          18 (11)  

0  
(-6.0, 8.4)  

Cured, 133  (94)                
Failure, (6)  
95% C  (- , 8.4)

 N  163                       
Cured, n (%)  147  (90)         
Fa 5  (9    

 )     
95% C  (- , 7.4)
N  164  164 
Cure 48  (9    

 Unable to Determine, n (%)  1  (< 1)                       
 95% CI   

 
Responses by prognostic factors showed a  of increasi and S classification as 
severe. There was no detectable difference for gare  the four Fine classes for 
which enoug or eview istent trend floxacin. 
 

  Levofloxacin  

 small effect
noxacin outcome 

ng age 
across

of AT

h data are available f  r  and no cons   for levo

  Garenoxacin
≤ 65 Years  8  (96)   88  (94) 9 / 93 83 /

> 65 Years  44 / 48 2)  51 / 57  (89) (9
Severity of Pneumonia (Modified ATS)          
Mild/Moderate  73 (97 /  75  (96)  71 / )  72  
Severe  62 68 (91)   /  70  (89)   /   62
Fine Classification          
Class I  54 / 57 (95)  39  /  41  (95)  

Class II  23 / 24 (96)  37  /  38  (97)  

Class III  32 / 34 (94)  31  /  36  (86)  

Class IV  22 / 23 (96)  23  /  26  (88)  

Class V 2 / 3  (67) 4  /  4  (100) 
 
The overall eradication rates in clinically evaluable patients (as counted by the applicant) were 93% 
for garenoxacin and 89% for levofloxacin. These rates included eradication of 20/21 and 20/23 
pneumococci in respective treatment groups. For all pathogens in all treated patients the rates for 
pneumococci were 20/26 (77%) for garenoxacin and 20/24 (83%) for levofloxacin. 
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  Garenoxacin    Levofloxacin    Organism

S. pneumoniae          
Pen-S  18  (100)  /  18  (83)   / 18 15  
H. influenzae   (100)  13  /  14  (93)  13 / 13

M. catarrhalis  1 (100)      / 1  0 

S. aureus  9 / 9  (100)  /  10  (90)  9  

MS/QR  0  1  /  1  (100)    
MS/QNR  6 (100)  /  8  (88)  / 6  7  

MS  1 (100)  0     / 1  

MR/QR  1 1  (100)   /  1  (100) / 1 

MR/QNR  1 (100)     / 1  0  

M. pneumoniae  25 / 26 (96)  23  /  24  (96)  

C. pneumoniae  11 / 11 (100)  9  /  9  (100) 

L. pneumophila  8 / 9  (89)  12  /  12  (100) 
 

 reported in 8% and 12% of all treated patients in respective treatment groups but New infections were
these were very mixed in nature. 
 
 
Comment on CAP studies 
 
Many patients (e.g. up to about 20% in PO studies and up to > 50% in IV ± PO studies) had received a 

 confined to a 
plicant should 

stemic antibacterials potentially effective in CAP that were given 
s according to 

stification and 
tion of the categorisations applied. 

mophila were 
omes for these 
ifferences and 
more of these 

and 081) non-
 However, the 

 patients in 017 and 018 were all Fine class I or II and in all three studies most patients 
ays of oral 

 the evaluable 
e class I or II 

and about 70% were in the ATS mild to moderate category i.e. similar to the populations studied 
compared to those in 017 and 018. This makes it difficult to be precise about recommendations for 
treatment except to say that those with mild to moderate CAP could be treated for 5-10 days. The 
distribution of patients according to ATS and Fine classifications should be mentioned in section 4.4 
of the SPC.   
 
In the two studies in which 7-14 days of IV ± PO garenoxacin was administered (020 and 021) non-
inferiority (with lower 95% CI within -10%) was demonstrated for the evaluable, eligible and all 

systemic antibacterial agent within 7 days of study entry. Although this was mostly
single dose, some of the agents given were parenteral and/or had long half-lives. The ap
summarise the administration of sy
within 7 days of study entry across studies and should provide analyses of outcome
whether or not patients received such an agent. 
 
The quoted reference for the ATS definitions of CAP severity require further ju
explana
 
The vast majority of cases in which M. pneumoniae, C. pneumoniae or L. pneu
implicated were based on serological findings. The applicant should review clinical outc
patients by study according to the diagnostic criteria in order to try to ascertain any d
whether there is any indication that longer term therapy might be needed for one or 
species.    
 
In the three studies in which 5 days of oral garenoxacin was administered (017, 018 
inferiority was demonstrated with respect to three alternative antibacterial regimens.
evaluable
(about 75%) were in the ATS mild to moderate category. In the two studies in which 7-10 d
garenoxacin was administered (019 and 029) non-inferiority was demonstrated for
populations. However, around 80% of the evaluable patients in these studies were Fin
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treated patient populations. However, there are two main areas of difficulties in interpreting these 

estionable for 
in. In 021, the 
nsidered to be 

 and 
 risk of a poor 

 Classes III-V 
e Classes II-V. 
advantages for 
arenoxacin and 
III-V (with 43 

garenoxacin and 59 ceftriaxone group patients in IV or V).  
Putting together these issues it is considered that these two studies are not adequate to support the use 

0 mg garenoxacin daily by IV and then PO routes in hospitalised patients with CAP.  

AECB 
 
The studies can be ow
 

AI464003  R, DB  
to compare 5 an

arenoxa
pa

2 x 200 mg) QD 
owed by 

a

 x 

 
294  

studies: 
 In 020 57% received 1 g ceftriaxone daily and this could be considered qu

hospitalised patients with CAP. Also, only 40% overall received erythromyc
dose of levofloxacin was 500 mg once daily. Twice daily dosing is generally co
appropriate for higher risk patients, including those > 65 years (who accounted for 35%
39% per group in this study) and those with underlying medical conditions at
outcome.  

 In 020 near to 75% had severe CAP by ATS criteria and 42-45% were in Fine
while in 021 about 50% had ATS severe CAP although 43-44% were in Fin
Although denominators in subgroups are small, study 020 suggested slight dis
garenoxacin for those > 65 years (with anyway a baseline imbalance of 34% g
44% ceftriaxone patients in this age category) and those in Fine Classes 

of 40
 
 

summarised as foll s: 

d 10 
00 mg PO (

for 5 days foll
days of g
(no other com

cin 
rator) 

placebo for 5 d
vs  

4

ys  

400 mg PO (2
for 10 days  

200 mg) QD 

AI464022  R, DB  
D for 5 days 

786  vs azithromycin 500 mg azithromycin PO on 
Day 1;250 mg days 2-5 

400 mg PO Q
vs  

AI464023  R, DB  400 mg PO
vs co-amoxiclav 

 QD for 5 days 
vs  
500/125 mg co-amoxiclav 

 
445  

PO q8h for 7-10 days  
 
The studies enrolled adults with chronic bronchitis (i.e. chronic cough and sputum production on most 

e site or local 
 of > 25 polymorphonuclear leucocytes per low power field  

 Presence of 2 or more of increased cough and/or dyspnoea, increased sputum production or 

or type 2 exacerbations as defined by Anthonisen 

days for 3 consecutive months for more than 2 consecutive years) and: 
 Production of purulent sputum as defined in a preliminary sputum smear from th

laboratory by the presence

purulence 
The studies classified patients according to type 1 
but there was no pre-stratification by Anthonisen type.  
Cure was defined as all acute signs and symptoms of acute infection resolved, or impr
such that no additional antibiotic therapy was required, with no new signs and sym
infection and resolution of any fever. 
 

oved to a level 
ptoms of acute 

Phase II study – duration of garenoxacin 400 mg once daily 
 
Study 003 conducted in Europe and N. America in 1999-2000 
Unfortunately, 130 patients were lost from the planned analysis of efficacy because they were enrolled 
at sites later found to be under investigation by FDA for irregularities. Clinical response rates showed 
overlapping 95% CI between the treatment duration groups in all three patient populations. However, 
there was a consistent numerical superiority for 10 days over 5 days therapy. Analyses of outcomes by 
prognostic factors did not show any consistent trends. 
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5-day  10-day   

Clinically Evaluab 139  141  le  N  
Subjects   (%)  122 (88)  133 (94)  Cured: n

 ilure: n (%)  17 (12) 8 (6)  Fa   

 95% CI  (81.1%, 92.7%)  (89.1%, 97.5%)  

Clinically Eligible  145  145  N  
Subjects  124 (86)  135 (93)  Cured: n (%)  

 ilure: n (%)  17 (12) 8 (6)  Fa   

 Unable to Determine:   4 (3)  2 (1)  
 I  8.7%, 90.8% (87.7%, 96.6%)  95% C (7 )  

All Treated Subje 147  147  cts  N  

 ured: n (%)  5 (85) 137 (93)  C 12   

 Failure: n (%)  17 (12)  8 (5)  

 Unable to Determine: n  5 (3)  2 (1)  
 95 (78.2%, 90.4%)  (87.9%, 96.7%)  % CI  

 
e most likely important pa s suggested t d ight be better.  

  
5-day  139  ay              N = 141  

Outcomes by th thogen  also hat 10 ays m
   

Pathogen 
                    N = 10-d

S. pneumoniae  /22 (86)  17/18  (94)  19

H. influenzae  21/23 (91)  14/15  (93)  
M. catarrhalis  14/18 (78)  23/24  (96)  
S. aureus  (84)  20/21  21/25 (95)  

H. parainfluenzae  22/24 (92)  31/31  (100)  
 

 studies – in for 5 days vs activ aratorsPhase III  garenoxac e p com  

Study 022 conducted in N. and S. America and Australia in 2000-2001
 

 
ponses TOC showed that lower 95% C re w hin -8% for a ee populations.  

     Garenoxacin Azithromycin 

Clinical res  at I we it ll thr
 

            Clinical Response
Clinically  

Cured: n (%)  
: n (%) 

365 
305 (84) 
60 (16) 
-7.6, 2.5 

356 
310 (87) 
46 (13) 

Evaluable  
N 

Failure
 95% CI   

All Treated   40   386 N 0 
 Cured: n (%)  

Failure: n (%)  
Unable to Determine: n (%)  
95% CI  

328 (82)  
68 (17)  
4 (1) 

-7.6, 2.6   

329 (85)  
51 (13)  
6 (2)  

Clinically Eligible  N  
Cured: n (%)  
Failure: n (%)  
Unable to Determine: n (%)  
95% CI  

386 
318 (82) 
64 (17) 
4 (1) 

-7.2, 3.0  

376 
321 (85) 
50 (13) 
5 (1) 
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Azithromycin achieved numerically higher cure rates by population and for outcomes by potential 
prognostic factors as shown below.  

enoxacin  Azithromycin  

 

 Gar

Type 1          275/ 330 ( )  278/319 (87)  83
Type 2  30/35 (8 32/37 (86)  6)  
Duration of Current Episode (day   s)    
0 - 7  138/167 (83)  166  (89)  148/
> 7  165/196 (84)  184  (86)  159/

Systemic Steroid                                  /40 (63)  26/31 (84)                25
No Systemic Steroid                   86)  284/325 (87)                        280/325 (
Acute Systemic Steroid User  29 (69)  19/23 (83)  20/
Chronic Systemic Steroid User  5/11 (45)  7/8 (88)  
Not a Systemic Steroid User               280/325 (86)  284/325 (87)  
Smoker  132/154 (86)  158/172  (92)  
Non-smoker  173/211 (82)  152/184  (83)  

 
It was notable that 104 evaluable pa the assign . However, documented 
pers only 3 garenox ithromycin patients and, even in these cases, the 
species found were usually of dubious rel
 

 oxacin  Azithromycin 

tients failed ed treatment
istence was seen in acin and 7 az

evance. 

Pathogen Garen
Number cured/N (%) 2/248 (85)  205/238 (86) 21
S. pneumoniae  47/55 (85)  46/51 (90) 

H. influenzae  37/39 (95)  34/40 (85) 

M. catarrhalis  1/48 (85)  37/38 (97) 4

S. aureus  43/54 (80)  39/44 (89) 

S. aureus (MS/QNR)  37/47 (79)  36/41 (88) 

S. aureus (MR/QR)  5/6 (83)  3/3 (100) 
H. parainfluenzae  47/52 (90)  35/43 (81) 
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Study 023 conducted in Europe, Turkey, S. America and S. Africa in 2000-2001 
Clinical responses at TOC showed that the lower 95% CI were within -10% for each study population.  
 

Clinica esponse  Garenoxacin Co-amoxiclav  l R

 N  159 161 
Clinically 
Evaluable   n (%)  139 (87 143 (89) Cured: ) 

 lure: n (%)  20 (13) 18 (11) Fai

 95% CI  -8.7, 5.3  

Clinically  N  189 183 
Eligible   (%)  163 (86 163 (89) Cured: n ) 

 lure: n (%)  25 (13) 19 (10) Fai

 U ble to Determine 1 (< 1 (< 1) na  1) 
 % CI  -9.6  95 , 3.5 

All Treated 7  8   N  22 21
 red: n (%)  195 (86) 192 (88) Cu

 Failure: n (%)  30 (13) 24 (11) 

 Unable to Determine: n (%)  2 (< 1) 2 (< 1) 
 95% CI -8.5, 3.8      

 
Those with Type 2 exacerbations and not on ad slightly higher response rates.  

stic Factor  arenoxacin  Co-amoxiclav  

 steroids h
 

Progno G

Type 1  22/141 (87)  128/145 (88)  1

Type 2  17/18 (94)  15/16 (94)  

Duration of Current Episode at Entry (days)   
0 - 7 Days  85/97 (88)  87/95 (92) 

> 7 Days  54/60 (90)  54/64 (84) 

Acute Systemic Steroid User  13/16 (81)  15/19 (79)  

Chronic Systemic Steroid User  8/9 (89)  4/5 (80) 

Not a Systemic Steroid User  118/134 (88)  124/137 (91) 

Smoker  52/57 (91)  57/66 (86) 

Non smoker  87/102 (85)  86/95 (91) 
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Outcomes by major pathogens are shown below.  
 

Pathogen /Subtype  enoxacin  Co-amoxiclav  Gar
Number Cured/ 

ithNumber w  Pathogens (%) 

enzae  
is 

S. aureus 
K. pneumoniae  

/89 (85)  
 

/16 (100)  
1/36 (86)  
3/4 (75)  

4/4 (100)  
4/4 (100)  

77/90 (86)  
 

23/26 (88)  
22/27 (81) 
 6/6 (100) 
5/6 (83) 

4/4 (100)  

S. pneumoniae  
H. influ
M. catarrhal

76

16
3

 
 
Comment on AECB studies 
Overall, in an indication in which very high cure rates are expected, the results of 003 and the lower 

y) suggest that 

The applicant’s summary of AECB studies mentions that approximately 32% of patients in these 
ars old and 9% were > 75 years. Details of age distributions and outcomes 

should be provided by study in case this might throw some light on the findings. 

Acute Bacterial Sinusitis (ABS) 
 
There was one Phase II study to tion and wh  sinus aspiration. The 
single comp ion but sinus  not demanded.  
 

AI464005   
Open-label,  
Non-comparative 

0 mg or 2 x 
5 or 10 days 

(un-complicated, 
maxillary) with 
sinus aspiration  

95% CI observed in the evaluable populations in 022 and 023 (-7.6 and -8.7, respectivel
5 days garenoxacin might not be an optimal regimen for AECB.  
 

studies were at least 65 ye

  
 

 evaluate treatment dura ich included
aspiration wasarative Phase III study also evaluated durat

 
400 mg PO (40
200 mg) QD for 

 
543  

ABS  

AI464024  R, DB vs co-amox O tablet QD 
ed by 

placebo QD for 5 days 

for 10 days  

500 mg amox/125 mg clav 

 
722  

 
ABS  
(un-complicated, 
maxillary)  

iclav 400 mg GRN P
for 5 days follow

vs  
400 mg GRN PO tablet QD 

vs  

PO tablet qh8 for 10 days  
 
Eligible adults had a diagnosis of acute maxillary sinusitis as demonstrated by: 
•  Facial pain/tenderness over one or both maxillary areas lasting ≥ 5 (005) or 7 day
days 

s (024) but < 28 

estion, post nasal drainage, frequent coughing, 

 throat 
scan with at least one of the following in 

ickening of ≥ 5mm (for 
10-day cohort of 005 only). 

Maxillary sinus aspiration

•  Two or more of fever, leucocytosis, nasal cong
headache 
•  At least one of purulent discharge from the maxillary sinus orifice, nose or back of the
•   Radiological documentation of sinusitis by x-ray or CT 

one or both maxillary sinuses − opacification, air/fluid level or mucosal th

 was to occur within 48 h prior to starting study therapy in study 005 only.  
 
There were 4 analysis groups similar to those defined for CAP. 
Cure was defined as cardinal signs and symptoms resolved or improved to a level such that no 
additional antibiotic therapy was required with no new signs and symptoms of acute infection. If 
available, the radiographic appearance of the sinuses was at least stable 
There was a follow-up visit at 3-4 weeks post-therapy but this was only a telephone contact. 
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Phase II study – garenoxacin for 5 or 10 days with sinus aspiration 
 
Study 005 conducted in N. and S. America and Europe in 1999-2002 
Of the 546 from qualifying study sites, 543 were treated, 539 (99%) were Clinicall
(96%) were CE and 311 (60%) were ME. Only four and two patients per duration grou
a systemic antibacterial agent within 7 days of study entry. There were slightly more
males enrolled into the study (58% in the 10-day and 56% in the 5-day cohort) and th
were 40 and 39 years. The proportions of patients with fever or leucocytosis (as 
inclusion criteria) at baseline ar

y Eligible, 519 
p had received 
 females than 
e median ages 
defined in the 

e not reported or discussed. Sinus X rays showed that infections 
involved only one or both maxillary sinuses in 68% and 77% of respective cohorts and the rest had 

Clinical responses by population showed that 95% C d the cure
groups  there was no advantage for 10 days of therapy over 5 days. 

10 Day 5 Day  

additional involvement of other sinuses.  
 

I aroun  rates overlapped between the 
treatment duration and
 

  
Clinically Evaluable  266 253 N   
 Cured  243 (91) 236 (93) 
 Failure  23 (9) 17 (7) 

 (87% - 94% (89% - 96%) 95% CI  ) 
Clinically Eligible  280 259 N   
 Cured  248 (89) 240 (93) 

 Failure  27 (10) 18 (7) 
 ble to Determine  5 (2) 1 (0) Una

 (84% - 92% (89% - 96%) 95% CI  ) 
All Treated  N  281 262 
 Cured  249 (89) 243 (93)  

 Failure  27 (10) 18 (7) 
 Unable to Determine  5 (2) 1 (0) 

 95% CI  (84% - 92%) (89% - 96%) 
Microbiologically Evaluable  N  152 159 
 Cu 149 (94) red  138 (91) 

 
Outc tic factors also o advantage for longer therapy except for patients 
with undergone previous sinus surgery. However, the 
deno st some of these re small. 
 

y (243/266)  5 day (236/253) 

omes by prognos suggested n
multiple previous episodes and those who had 
minators in at lea  subgroups a

 10 da

No History of Sinusitis 8/125 (94)  132/141 (94) 11

History of Sinusitis  /141 (89)  104/112 (93) 125

No Allergic Rhinitis 9/173 (92)  169/180 (94) 15

Allergic Rhinitis 84/93 (90)  67/73 (92) 

Number of Episodes < 3 223/245 (91)  224/239 (94) 

Number of Episodes ≥ 3 20/21 (95)  12/14 (86) 

No Sinus Surgery 216/235 (92)  226/240 (94) 

Sinus Surgery 27/31 (87)  10/13 (77) 
 
Clinical outcomes by pathogens and did not suggest a disadvantage for 5 days compared to 10 days 
treatment. Microbiological outcomes were very similar to clinical outcomes for pathogens from 
evaluable and from all treated patients. 
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Phase III study – garenoxacin for 5 or 10 days vs active comparators 
 
Study 024 conducted in N. and S. America, Europe and Australia in 2000-2002 
As documented by sinus x-ray, infection was confined to one or both maxillary sinuses
day group, 74% of the 10-day group and in 72% treated with co-amoxiclav and infectio
in 35-38%. The patterns of infection for the specific sites of right or left sinus were 

 79% of the 5-
n was bilateral 
similar across 

treatment groups. The actual X-r r d table
 

Finding  

areno
5-day
 = 

Garenoxacin 
10-
N

Co-amoxiclav 
N = 

Total 
N = 722 

 

ay findings a e summarise  in the next . 

G xacin 
 

N 245 
day 

 = 240 
237 

Normal  3   7  (1)  (1) 3 (1)  1 (< 1) 

Abnormal  242 ) 237 2   715  (99)  (99   (99)  36 (100)
Opacification Only  146 ) 149 451  (62)  (60   (62)  156 (66)  

Air/Fluid Level Only  30 (12)  23 (10)  35 (15)  88  (12)  

Opacification and Air/Fluid Level  66 (27)  65 (27)  45 (19)  176  (24)  
 
Clinical responses suggested no disadvantage for 5 day ed to 10 d y. Co-amoxiclav 

ightly lower cure rates than se  the garenoxacin groups.  

  Garenoxacin 
5 d

Ga acin
1 ys 

 Co-
oxiclav 

 

s compar ays therap
gave sl
 

en in

 ays 
 renox  

0 da am
Clinically 
Evaluable  199 3  190  N    19

 Cured  182 (9 0 (88) 159 (84) 1) 17

 lure  17 (12) 31 (16) Fai (9) 23 

 % CI  -0.2,    97.5 15.8  -4.1, 12.9 

Clinically Eligib 23 6  228  le  N  3  22

 Cured  209 6 (87) 187 (82)  (90) 19

 ailure  2 (12) 37 (16) F 1 (9) 28 

 able to 
rmine  3 (1) 4 (2) Un

Dete  (1) 2 

  CI  0.0,  -3 2.8    97.5% 15.4  .4, 1

All Treated  245 240  237  N   

 Cured  219 (89) 209 (87) 196 (83) 

 Failure  22 (9) 29 (12) 37 (16) 

 Unable to 4 (2) 2 (1) 4 (2) Determine  
 97.5% CI  -0.8, 14.2  -3.4, 12.1    

 
For outcomes according to prognostic factors (see below) there was no disadvantage for 5 days of 
garenoxacin compared to 10 days in any subgroup. In most cases there was a numerical inferiority for 
co-amoxiclav. 
 
Comment on ABS studies 
The diagnosis of an acute sinusitis based on X-ray findings is not without pitfalls. However, only the 
10-day group in study 005 included patients with mucosal thickening, which is probably a less reliable 
finding than the others allowed per protocol.  
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Establishing the aetiology is not possible without sinus puncture and even then the orga
may include colonisers of the nasal passage that contaminated the aspirate. Nevertheles
has conducted one sinus puncture study and one comparative non-puncture study tha
accordance with the recommendations made by FDA and by IDSA/ESCMID. It is al
60% of p

nisms cultured 
s, the applicant 
t would be in 

so notable that 
atients in 005 had a pathogen, although not all of these may have come strictly from within 

ys over 5 days 
xillary sinusitis at a dose of 400 mg once 

daily. Since the indications will be introduced by text that includes the following bacterial infections it 
t necessary to include the word bacterial in this indication.          

SSTI  
 
The stu  b

AI464015  

 
R, DB vs co-amoxic
 

mg PO QD for 5 days 

xiclav 
on q12h  442 uSSTI  

the sinuses. 
 
The results of the two studies consistently suggest that there is no advantage for 10 da
garenoxacin. An indication could be given for Acute ma

is no
 
 

dies are summarised elow. 
 

lav  vs  
500/125 mg co-amo
PO suspensi 

 

400 

for 7-10 days 
 

AI464025  R, DB vs piptazob
IV ± PO c

a
o-amoxicl

 solution QD +/- 
 PO QD  

 3/0.37
q6h ± 500/125 mg co-

amoxiclav PO q8h  

3 7-14 days ctam 
av 

vs 
piptazobactam
IV 

600 mg IV
600 mg

5 g 89 cSSTI 

AI464026  R, DB vs ciprofloxacin + 
metronidazole 

vs  
ciprofloxacin 500 mg PO 
BID + metronidazole 500 

466 cSST

600 mg PO QD  

mg PO TID 

I 7-14 days 

 
study 015 and with visits in 025 and 026. 

to the infection 
ssary. 

Follow-up at 21-28 days was by telephone contact only in 
Cure was defined in uSSTI and cSSTI studies as all acute signs and symptoms related 
either resolved or improved to such an extent that no further antibiotic therapy was nece
 
Uncomplicated SSTI   
 
Study 015 conducted in N. America, Europe and Israel in 2000-2001 
It is not understood why the suspension of co-amoxiclav rather than tablets was used in this study in 
adults or why the dose chosen was 500/125 mg twice daily. Adults were stratified by type of infection 
diagnosis (i.e., impetigo; erysipelas or cellulitis; wound infection; or abscess or folliculitis) at the time 
of randomisation. Delta was pre-defined at 15%.  
 
The commonest baseline diagnoses were infected wound (28%), cellulitis (24%) and abscess (16%). 
Clinical responses at TOC indicated that garenoxacin was non-inferior to co-amoxiclav. 
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  Garenoxacin Co-amoxiclav 

Clinically 
Evaluable   n (%) 

200
170 (8

182  
159 (87) 

N  
Cured:

  
5) 

 lure: n (%) 30 23 (13) Fai  (15) 

 95% CI  (-9.8%, 5.1%) 

Clinically 
Eligible = All
Treated  

227
190 (84

215  
185 (86)  N 

Cured: n (%) 
  

) 

 lure: n (%) 34 28 (13) Fai  (15) 

 Unable to Determine: n (%) 3 (1) 2 (1) 

 95% CI  (-9.5%, 4.8%) 

 
Denominators are not large by diagnoses but there was an indication of relatively low cure rates for 
garenoxacin in cellulitis. Among the 12 failures with cellulitis in the garenoxacin group 7 had 
persistence of S. aureus while 7 f oxiclav ed two with persistence of S. 
au
 

renoxacin 
N = 200 

Co-amoxiclav 
N = 182 

ailures in the co-am gr udoup incl
reus. 

 
Ga

Abscess  /36 (81)  24/29 (83)  29

Cellulitis  34/46 (74)  41/48 (85)  

Erysipelas  8/10 (80)  6/6 (100)  

Folliculitis  20/26 (77)  22/27 (81)  

Impetigo  24/2 22 (91)  4 (100)  20/

Infected wound  55/58 50 (92)   (95)  46/
 
Clinical outcomes by (sponsor-designated) path e evaluab on were as follows: 
 

athogens (%)  Garenoxacin
129/152 (85)

Co-amoxiclav 
111/128 (87) 

ogen in th le populati

N Cured/N with P  
 

Gram-positive  124/147 (84) 105/119 (88) 

S. aureus  57/71 (80 41/48 (85) ) 

S. aureus (MR/QNR)  2/3 (67) 4/5 (80) 

S. aureus (MR/QR)  1/2 (50) 0/1 (0) 

S. aureus (MS/QNR)  51/63 (81) 37/42 (88) 

S. aureus (MS/QR)  3/3 (100) 0 

S. pyogenes  11/11 (100) 12/13 (92) 

S. agalactiae 
Other Gram-positive   

9/10 (90) 
54/63 (86) 

3/4 (75) 
45/49 (92) 

Gram-negative (Aerobic)  
Gram-negative (Anaerobic)  

26/32 (81) 
3/5 (60) 

23/29 (79) 
2/3 (67) 
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Complicated SSTI – 600 mg once daily garenoxacin IV/PO 
Eligible for enrolment were newly hospitalised (< 72 hours) adults with clinical evidence of at least 
one 

elitis 
ng osteomyelitis 

Patients were stratified by infection to ensure an approximate balance between treatments and delta 

of  
• Infected pressure sore without underlying osteomy
• Infected diabetic foot ulcer without underlyi
• Major abscess: 
• Post surgical wound infections with purulent drainage 

was pre-specified at 15%. 
 
Study 025 conducted in N. and S. America, Europe and Australia in 2001-2002 
Very high proportions (60% and 57% per group) had received prior systemic antibacterial therapy and 
28% and 32% per group had received more than 24 h. The clinical  95% CI adjusted 
for the stratification factor) at TOC all gave lower 95% CI within -6% and were 

Garenoxacin bactam  

 cure rates (with
as follows: 

 
  Piptazo

Clinically Evaluable 147  N  150  

 ure: n (%)  125 (8  120 (82) C 3) 

 Failure: n (%)  25 (17) 27 (18)  

  -5.5,  95% CI  10.8 

Microbiologically 
Evaluable     121 N 133 

 Cure: n (%)  112 (84) 98 (81)  

 re: n (%)  21 (16) 23 (19) Failu  

  -4.4, .6  95% CI  13

Clinically Eligible    174 N 174  

 Cure: n (%)  139 (80) 139 (80)  

 : n (%)  27 (16) 28 (16) Failure  

  to Determin 8 (5) 7 (4) Unable e   

  -5.1, 0.7  95% CI  1

All Treated  195  194 N  
 Cured: n (%)  153 (78)  154 (79) 
 Failure: n (%)  31 (16)  30 (15) 
 Unable to Determine 11 (6)  10 (5) 
  -5.8, 9.2  95% CI  

 
Of the 52 evaluable treatment failures, 3 and 5 per treatment group had documented pathogens at TOC 
but these organisms were susceptible to garenoxacin or piptazobactam. Presumed persistence in the 
piptazobactam group was the outcome for four patients with resistant S. aureus at baseline. The listing 
of reasons for failures mentions one garenoxacin patient with a Peptostreptococcus in blood at the 
time of failure (Day 5). 
 
Outcomes by diagnoses and selected clinical factors were as follows: 
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arenoxacin Piptazobactam 

 
 G
Prognostic Factor/Subcategory  150 N = 147  N =
Major Abscess/Complicated  97/ 94/109 (86) 112 (87) 
Cellulitis  13 18/21 (86) /17 (76) 
Abscess with cellulitis  27 23/25 (92) /30 (90) 
Perineal abscess / cellulitis  18 13/16 (81) /19 (95) 
Post traumatic wound infection  24/30 (80 22/26 (85) ) 
Post Surgical Wound Infection  13/17 (76 11/16 (69) ) 

Diabetic Foot Ulcer Infection  13 15/21 (71) /17 (76) 
Diabetic Foot Ulcer  12 16/22 (73) /16 (75) 
Traumatic lesions  44 42/48 (88) /54 (81) 
Dermatologic Condition  10/11 (91  15/17 (88) )
Peripheral Vascular Disease  11 ( 15/19 (79) /11 100) 

Underlying Medical Condition      
Peripheral Vascular Disease  20 26/33 (79) /24 (83) 
Diabetes Mellitus  38 31/40 (78) /47 (81) 

Glycosylated Haemoglobin (%)      
≤ 6.5  47/62 (76) 45/54 (83) 

> 6.5  26/34 24/32 (75) (76) 

 
Of 19 total patients with S. pyoge aseline 9 were  Microb ical response rates for 

r garenoxacin and 9/10 for iptazobactam.  

es by pathogen Garenoxacin 
N = 1

Pip bactam 
121 

 

nes at b  16/1  cured. iolog
this species were 7/9 fo p
 

Clinical outcom 33 
 tazo

N = 
Patients with Pathogen  112/13 (84 98 (81) 3 ) /121 

Aerobes (Gram-positive)      
E. faecalis  9/12 (7 10 (91)  5) /11 

Viridans Streptococci  6/6 (10 6/ (86) 0) 7 

S. constellatus  3/4 (75) 3 (60) /5 

Other Streptococci  32/36 (89) 27/ (84) 32 

S. agalactiae  15/15 (10 16 (94)  0) /17 
S. aureus  57/67 (85) 51 (80)  /64 

S. aureus (MS/QNR)  50/55 (91) 41/50 (82) 
S. aureus (MS/QR)  1/1 (100) 2/3 (67) 
S. aureus (MR)  0/1 (0) 0  
S. aureus (MR/QNR)  4/6 (67) 5/7 (71) 
S. aureus (MR/QR)  2/4 (50) 3/5 (60) 
S. aureus (unknown)  1/1 (100) 1/2 (50) 
Other Gram-positive Aerobes  21/29 (72) 26/32 (81) 
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Anaerobes      
B. fragilis  6/7 (86) (100) 9/9 
B. thetaiotaomicron  1/1 (100 1/ (100) ) 1 
B. fragilis group  4/5 (80  ) 0 
C. perfringens  1/1 (100 1/ (100) ) 1 

Clostridium sp.  1/1 (10  0) 0 
Peptostreptococcus sp.  12/15 (80) 11/12 (92) 
Prevotella sp.  14/15 (93) 6/7 (86) 

 
There were four patients in the garenoxacin group that relapsed and one treated with piptazobactam 
who had MRSA at the time of relapse. New infections occurred in 23 (12%) in the garenoxacin group 

ew infections. A new cellulitis 
myelitis was found in 2 and 3 patients.  

and 28 (14%) piptazobactam patients and included 29 types of n
occurred in 4 and 3 patients in respective groups and osteo
 
Complicated SSTI – 600 mg once daily garenoxacin PO only vs oral comparators 
 
Study 026 conducted rica inin N. and S. Ame  and Europe  2001-2002 
C ses % CI adjusted  showed er 95% CI for the overall 
comparisons of outcom tion were within -8.  
 

Data Set  spon  Gar Ciprofloxacin/Metronidazole 

linical respon  at TOC (95
es in each popula

 by stratum)  that the low

Clinical Re se enoxacin  
Clin Evaluable  n (%)  5/182 (85 149/185 (81)  Cure: 15 )  

  n (%)  27 (15)  36 (19)  Failure:
 0.3)  95% Confidence Interval   (-2.9, 1

Clin Eligible  n (%)  7/206 (81 167/214 (78)  Cure: 16 )  

  n (%)  29 (14)  39 (18)  Failure:
 ine: n (%)  8 (4)  Unable to Determ 10 (5)  
 95% Confidence Inter .1)  val   (-3.2, 11
Micro Evaluab   124/150 (83)  132/163 (81)  le  Cure: n (%)

 31 (19)  Failure: n (%)  26 (17)  
 95% Confidence Interval   (-7.7, 7.8)  
All treated Cure: n (%)  186/227 (82)  188/239 (79)  

 Failure: n (%)  29 (13)  42 (18)  

 12 (5)  9 (4)  Unable to Determine: n (%)  

 95% Confidence Interval   (-3.7, 10.4)  
 
Among the failures, one (garenoxacin susceptible) and 9 (three appear to have been ciprofloxacin-R at 
baseline) in respective groups had persistence of S. aureus. Five of 11 persisting organisms in the 
garenoxacin group and 3/14 in the comparator group showed a decrease in susceptibility from 
baseline. 
 
Outcomes according to various clinical factors were as follows: 
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c Factor/Subcategory  N = 182 
Cipro/Metro 

N = 185 Prognosti
Garenoxacin 

Disease Diagnosis      
Major Abscess/Complicated  87/ (8 84/ (80) 103 4) 105 

Cellulitis  1 5 (83) /2 (50) /6 

Abscess without cellulitis  19 (90 19 (90) /21 ) /21 

Abscess with cellulitis  18 (82 19 (68) /22 ) /28 

Perineal abscess/cellulitis  8 (8 6 (86) /9 9) /7 

Post-traumatic wound infection  30 27 (79) /36 (83) /34 

Other  11 8 (89) /13 (85) /9 

Post-surgical Wound  22/ (9 26/ (96) 23 6) 27 

Diabetic Foot Ulcer  37/47 (79) 32/45 (71) 

Infected Pressure Sore  9/ 7/ (88) 9 (100) 8 

Underlying Medical Condition      
Peripheral Vascular Disease  22 2 (75) /26 (85) 4/32 

Diabetes Mellitus  60 5 (73) /74 (81) 1/70 

Glycosylated Haemoglobin      
≤ 6.5%  84/97 (87) 89/107 (83) 

> 6.5%  53/65 (82) 50/65 (77) 

 
T S. py s e and it appears that 5/8 in the garenoxacin group 

omparative grou radic The st ort does mention any cases of 
blood at baseline or th omes. 

 
Garenoxacin 

182 
ro/Metro 

185 

here were 11 patients with 
and 2/3 in the c

ogen
p were e

es at ba elin
ated. udy rep  not 

pathogens in e outc

  N = 
Cip

N = 
N with Pathogen  124/1 (8 132/ (81) 50 3) 163 

P. aeruginosa  14/19 (7 9/1 (64) 4) 4 

E. faecalis  13/1 (7 16/ (76) 8 2) 21 

Other Streptococci  22/2 (81 27/ (84) 7 ) 32 

S. agalactiae  12/1 (86) 20/ (80) 4 25 

S. aureus  61/69 (88) 60 (78) /77 

S. aureus (MS)  7/8 (88 6 (75) ) /8 

S. aureus (MS/QNR)  38/44 (86) 44/54 (81) 

S. aureus (MS/QR)  3/3 (100) 0/1 (0) 

S. aureus (MR)  4/4 (100) 1/2 (50) 

S. aureus (MR/QNR)  0  3/3 (100) 

S. aureus (MR/QR)  3/3 (100) 2/2 (100) 
S. aureus (unknown)  5/6 (83) 4/7 (57) 

Comment on SSTI studies 
 
uSSTI is not an acceptable indication. Reasons include: 
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 Study 015 used a total daily dose of co-amoxiclav that is considered to be inadequate. Despite this 
likely inadequate comparative regimen, the lower 95% CI was very near to -10%. 

 Garenoxacin was numerically inferior in the subgroup with cellulitis and with respect to cure and 
ts). 

patients with very minor infections to be enrolled 
ire systemic antibacterial therapy. 

s.  
. However, the 
he exact nature 
mes according 
er reassurance 

h a population and this raises further 
questions about the patient population. Finally, it is not clear what was so different about this 

 mainly in similar areas of the world, that investigators were willing to 
as initial IV therapy was required in 025.   

 
 

nal and pelvic i
 

2  DB 

+/- 600 mg 

vs  
/0.37

g PO q8h 

Complicated 
int al 
infectio

5-14 days  

eradication rates in patients with S. aureus (both in evaluable and in all treated patien
 The inclusion criteria would seem to allow for 

that might not even requ
 
cSSTI is also rejected at present. 
o There is concern regarding the proportions given antibacterial therapy within 7 day
o In 025, the lower 95% CIs were within -6% for each defined patient population

overall cure rates were very high for a cSSTI study and raise some questions over t
of the infections studied. The applicant should provide a further analysis of outco
to the number of signs and symptoms present at baseline in order to provide furth
regarding the patient population. 

o In 026, clinical cure rates were again very high for suc

patient population, enrolled
use only oral therapy where

Intra-abdomi nfections 

600 mg IV

 AI4640 7  R,

 QD 
PO QD  

piptazobactam 3
q6h ± co-amoxiclav 
500/125 m

5 g 452 ra-abdomin
ns 

AI464028  R, DB 

PO QD  
vs 261 

Women wi

600 mg IV QD +/- 600 mg 

3 g ampicillin/sulbactam IV 

th 
acute pelvic 
infections 

5-10 days  

q6h ± 500/125 co-
amoxiclav PO q8h  

 
In both studies cure was defined as all acute signs and symptoms related to the origina
resolved, or had improved to such a

l infection had 
n extent that no further antibiotic therapy was necessary. 

 
Study 027 conducted in N. and S. America, Russia and Europe in 2001-2002 
Eligible adults were to have a complicated IAI requiring anti-infective therapy. Patients
on the basis of APACHE II scoring (

 were stratified 
≤10 or > 10) and by the presence or absence of a primary 

diagnosis of complicated appendicitis. The TOC visit was the sole follow-up assessment and was held 

tients. Overall, 
nted fever was 

is as defined per 
protocol.  
  
The majority (351; 78%) had received systemic antibacterials within 7 days of study entry but most of 
these (293/351) had received only one day while 21 received 2 days and 37 had received at least 3 
days. This number included 23 patients per group who had received prior piptazobactam and 95 and 
102 per group who had received a parenteral cephalosporin.  
The clinical responses at TOC showed lower 95% CI (adjusted for stratification factors) within -4.1%. 
Outcomes by diagnosis and site or aetiology of infection were generally similar between treatments. 

at any time from 10-42 days post-therapy.  
 
APACHE II scores > 15 occurred in 8% of garenoxacin and 6% of piptazobactam pa
45% had appendicitis as a diagnosis and 55% had other infections. At baseline, docume
present for about one third in each group and 73-78% per group had leucocytos
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 Ga enoxaci  Piptazobactam r n

Clinically  N     192  185 
Evaluable ure  9 6)   (84) C 15  (8  162

 ilure  26 (14) 30  (16) Fa  
 95% CI   (- 1,     3. 10.1) 

Microbiologicall N   5   155  y  14
Evaluable ure  4 (86) 128  (83) C 12  

 Failure    (14) 27  (17) 21

 95% CI   , 12 )    (-3.0 .3  
Clinically Eligib      217  le  N 216 

 6 1)  (81) Cure  17  (8  175 

 re  30 (14) 35  (16) Failu  
 Unable to Determin 10 ) 7  (3) e   (5

 % CI   )   95  (-4.1, 9.8  
All Treated   6   226  N  22
 re  3 (81) 181  (80) Cu 18  

 Failure  32  (14) 36  (16) 

 Unable to Dete (5) 9  (4) rmine  11  
 95% CI    (-3.    9, 9.9) 

 
O ta ar elow. 
 

reno
= 159

ptazob
N = 1

Total 
N = 321/377 

utcomes by some prognostic factors and by stra e shown b

Prognostic Factor/ Subcategory  Ga xacin Pi
N /185  

actam 
62/192 

Stratification Groups    

Appendicitis/ ≤APACHE II 10                             64/70 ( 68/79 (86) 132/149 (89) 91)  

Appendicitis/ > APACHE II 10                                7/9 (7 11/12 (92 18/21 (86) 8)  ) 

Other Infect/ ≤APACHE II 10                              67/72 (93)  59  ( 126/140 (90) /68 87) 

Other Infect/ > APACHE II 10                             21/34 24/33 45/67 (67)  (62)   (73) 

APACHE II Score (Protocol Categorisation)    
≤10                                                                      131/142 (92) 127/147 (86) 258/289 (89) 

> 10                                                                         28/43 (65) 35/45 (78) 63/88 (72) 
APACHE II Score (Literature Categorisation)    

≤15                                                                      153/172 (89) 153/180 (85)  306/352 (87)  

> 15                                                                           6/13 (46) 9/12 (75)  15/25 (60)  
 
While caution is needed in interpreting outcomes for the smaller subgroups there appeared to be a 
consistently lower cure rate for garenoxacin among the patients with the highest APACHE scores. 
Cure rates computed solely by age were 87% in the garenoxacin group (150/173) and 79% in the 
piptazobactam group (132/168) for those < 65 years. In contrast, among those aged 65-74 years cure 
rates were 62% (18/29) and 89% (33/37), respectively, with rates of 13/17 and 14/19 for those aged 
75-84 and 3/7 compared to 2/2 for those aged at least 85 years. 
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The clinical outcomes by pathogen showed a possible disadvantage for garenoxacin for
and the enterococci. The microbiological outcomes by pathogen generally r

 P. aeruginosa 
eflected the clinical 

outcomes although the differences between treatments for the above species were less marked.   

  
renoxacin iptaz tam  

 

Pathogen a/subtype
Ga  

 
P obac

Subjects with Pathogen  4/146 (85) 128 155  (83) 12 /  
E. coli  74/87 (85) 68 83  (82) /  

K. pneumoniae  17 (82) 20 27  (74) 14/ /  

Other Klebsiella sp.  2/3 (67) 9 10  (90) /  

P. aeruginosa  12/17 (71) 12 14  (86) /  

Citrobacter sp.  5/7 (71) 6 8  (75) /  

Enterobacter sp.  6/7 (86) 6 7  (86) /  

Providencia sp.  3/4 (75) 4 6  (67) /  

E. faecalis  6/11 (55) 15 20  (75) /  

E. faecium  5 / 8 (63) 6 7  (86) /  

Other Enterococci   11 (82) 8 8  (100) 9 / /  

Viridans Streptococci   / 28 (79) 11 15  (73) 22 /  
S. constellatus  26 / 29 (90) 8   (67) /  12

Other Streptococci   / 18 (78) 15 21  (71) 14 /  

S. aureus  7 / 8 (88) 5 7  (71) /  

Methicillin sensitive  5 / 6 (83) 3 3  (100) /  

Methicillin resistant   / 2 (100) 2 4  (50) 2 /  

B. fragilis  39 / 43 (91) 35   (81)  /  43

B. thetaiotaomicron  0 / 22 (91) 17 18  (94) 2 /  

B. uniformis   10 (70) 5 7  (71) 7 / /  

B. fragilis group  14 / 19 (74) 16 /  22  (73) 

C.  perfringens  5 / 6 (83) 8 /  8  (100) 
Clostridium sp.  16/19 (84) 10 /  11  (91) 
Peptostreptococcus sp.  16 /18 (89) 17 /  21  (81) 
Prevotella  14 /15 (93) 13 /  16  (81) 

 
There were only 24 evaluable patients with bacteraemia with cure rates of 8/12 in 
groups. Regarding organisms found in blood, 10/14 (71%) in the garenoxacin group and 12
in piptazobactam patients were eradicated o

both treatment 
/15 (80%) 

r presumed eradicated. Presumed persistence occurred in 
two garenoxacin (one E. faecalis) and three piptazobactam patients. 
 
Study 028 conducted in N. and S. America in 2001-2003 
Eligible for enrolment were females aged at least 16 years with an acute pelvic infection other than 
acute pelvic inflammatory disease and/or sexually transmitted infection. Patients were to have fever, 
leucocytosis and one of the following related to recent (within 10 days) pregnancy, abortion or 
gynaecological surgery. There was stratification by presence or absence of post-partum 
endomyometritis and delta was pre-specified at 15%. 
 
The clinical outcomes at TOC showed that although the actual cure rates were very similar, the lower 
95% CI (adjusted for stratification) fell between -12.1 and -15.1. The small number of patients who 
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failed did not have any unusual or common features or pathogens resistant to the assigned therapy at 
baseline.   
 

t  Clinical Response  Garenoxacin 
Ampicillin/ 
Sulbactam Data Se

Clinically 
Evaluable  N  107 90  

 ure  10 86 (96) C 1 (94  )  
 6 (6)  4 (4) Failure  

 95% CI   -14.8 4  , 11.

Clinically Eligib   128 113 le  N  

 117 (91  103 (91) Cure  )  
 ilure   6 (5) Fa 8 (6) 

 Unable to Determine  3 (2) 4 (4)  
 95% CI   -12.6, 18.0  
Micro Evaluable 92 80  N   
 Cure  87 (95)  76 (95) 

 Failure  5 (5) 4 (5)  

 % CI   -15.   95 1, 12.3

All Treated  136 125 N   
 Cure  124 (91)  110 (88) 

 Failure  9 (7)  8 (6) 

 Unable to Determine  3 (2)  7 (6) 

 95% CI   -12.1, 16.4  
 
All but one of the 12 and 17 per group with bacteraemia who were evaluable were cured. Clinical 

inferiority for 
renoxacin and 

outcomes according to potential prognostic factors did not show any numerical 
garenoxacin. Cure rates by pathogens in evaluable patients were 87/92 (95%) for ga
76/80 (95%) for ampicillin/sulbactam.  
 
Comment on IAI and acute pelvic infections 
 
With regard to IAI, it is a concern that 38% in the garenoxacin group and 42% in the 
group had a diagnosis of appendicitis and an APACHE score ≤ 10 a

piptazobactam 
t baseline. Also, only 23% per 

subgroups 
ter group) were 
or antibacterial 
sis. At present, 

hout the term complicated) cannot be granted 
since further reassurance is required regarding the suitability of the patient population enrolled to 
support this indication and the influence of any prior therapy needs to be explored.    
 
Study 028 predominantly enrolled women who were post-abortion or post-partum with very few other 
infection types included so that a general indication for acute pelvic infections could not be supported 
(which anyway should not be combined with IAI). In addition, in a patient population with such high 
cure rates the observed lower 95% CI (-12 to -15) are considered too wide to support a conclusion of 
non-inferiority of garenoxacin with respect to ampicillin-sulbactam. 
 
 

group had an APACHE score > 10 at baseline and only 7% had a score > 15. Outcomes in 
with APACHE scores > 10 or >15 (admittedly with very small denominators for the lat
consistently lower for garenoxacin. There is also concern about the very high rate of pri
therapy in this study (78% of all patients), which requires further explanation and analy
the CHMP considers that an indication for use in IAI (wit
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Clinical safety  
 
Data are available from > 8000 healthy subjects and patients who received garenoxacin, another study 
drug or placebo. Numbers of garenoxacin patients in Phase II/III studies are summarised below. 
 

Dose – Oral Regimen 
400 mg 3229 
600 mg 227 
Total Subjects (Oral Regimen) 3456 

Duration of Treatment – Oral R en egim
5 Days 2000 
7 – 14 Days 1456 

Dose – IV to PO Regimen 
400 mg 430 
600 mg 557 
Total Subjects (IV-to-PO Regimen) 987 

Mean Duration (IV), Days 
Garenoxacin 4.32 
Comparator 4.54 

 
 
AEs in patients – PO 
Drug-related AEs with oral dosing were reported by 19.4% of all garenoxacin patients
(4.4%) and nausea (4.0%) were the most frequently reported. In the comparative stud
related AEs occurred in 19.6% of garenoxacin and 26

 and diarrhoea 
ies only, drug-

% of pooled comparator group patients. Severe 
or very severe drug-related AEs occurred in 67 (1.9%) patients given garenoxacin and included 

 abdominal pain. AEs related to garenoxacin occurred at a higher rate with the 
highest among 
.4%) but rates 

headache, nausea and
600 mg dose (26.0%) compared with the 400 mg dose (18.9%). Also, rates were 
patients with cSSTI (26.0%) or CAP (21.7%) and lowest among those with AECB (14
were similar between 7-14 (21.6%) and 5-day regimens (17.7%). 
 
AEs in patients – IV ± PO 
Of the 987 patients treated with IV ± PO garenoxacin regimens 681 (69%) experienced 
compared to 70% o

at least one AE 
f patients given comparator agents. IV site reactions reported as AEs were slightly 

tured in CRFs 
 and 12.7% for 
xacin than for 
 vs 3.5%), pain 
 vs 0.8%) and 

from 28.1% of 
 reaction 

(1.3% vs 0.8%), hypotension (1.4% vs 0.5%) and rash (1.8% vs 1.3%). Of those given garenoxacin 
2.2% experienced a drug-related event that was categorised as severe/very severe and these included 
hypotension (0.6%), abdominal pain (0.3%) and two cases of each of allergic reaction, colitis and 
kidney failure. Rates of garenoxacin-related AEs were generally similar for the 400 mg (25.3%) and 
600 mg (22.4%) doses although IV site reactions (1.6%) and pruritus (1.1%) occurred more frequently 
with 600 mg doses compared to 400 mg (0.9% and 0.2%, respectively). Rates were also similar 
between studies in different indications (CAP, 25.3%; cSSTI, 24.6%; pelvic infections 22.1% and IAI, 
20.8%).  
 

more common with garenoxacin (2.1% and 1.3%). However, the information cap
showed that the incidence of any injection site intolerance was 22.6% for garenoxacin
comparators. From the CRFs, the individual event rates that were higher for gareno
comparators were infiltration (9.0% vs 5.4%), redness (6.5% vs 2.9%), phlebitis (5.4%
(4.0% vs 1.8%), burning (3.0% vs 1.5%), discomfort (2.6% vs 1.2%), swelling (2.6%
itching (1.8% vs 0.2%). 
 
Drug-related AEs were reported from 234/987 (23.7%) patients given garenoxacin and 
those who received comparators. Slightly higher rates were seen with garenoxacin for IV site
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AEs of special interest 

Hypotension 
 

Incidence of Hypotensio ubjects 
 umbe  a Hy vent ber Assessed (%) 

 
Hypotension and heart rate 

was an issue for IV garenoxacin administration as shown below.  

n AEs across Garenoxacin Studies; All Treated S
N r with potensive E / Num

 Garenoxac mparators in Co
Study Type l E A SAE Al vents SAE ll Events 

Total, All PO Studies 14/3456 (0.4) 8/3456 (0.2) 2/2071 (0.1) 0/2071 
Total, IV-to-PO Studies During IV 
Treatment Phase 

63/987 (6.4) 23/987 (2.3) 2  9/912 (3.2) 8/912 (0.9) 

Total, IV-to-PO Studies 400 mg 33/430 (7.7) 15/430 (3.5) 11/367 (3.0) 6/367 (1.6) 
Total, IV-to-PO Studies 600 mg 37/557 (6.6) 11/557 (2.0) 25/545 (4.6) 7/545 (1.3) 

 
In IV-to-PO studies in which serial or paired ECGs were collected garenoxacin was as
slightly greater reduction in heart rate on Day 1 than the comparators and the decrease in heart rat
was greater in those experiencing hypotensive events compared to those who did not. T
heart rate on Day 1 was most marked in the elderly (≥ 65 years) a

sociated with a 
e 

his decrease in 
nd those treated with a diuretic. No 

centrations. It 
renoxacin were 

 increase with 
stolic bp <90 mmHg, below normal BMI, 

kely to have a 
tio (OR) point 
patients treated 

gents or beta-
ast, a lower rate 

hose who did 

ls probably by 
h in healthy subjects plasma histamine was similar between 

 placebo groups). In addition, garenoxacin may have a secondary effect to decrease 
affinity for β-

ects who are borderline compensated or already decompensated 
haemodynamically and who are on cardiovascular drugs, IV garenoxacin administration may be a 

ant, sustained 

renoxacin than 

udies than for 
ly. In contrast, 

the incidence of tachycardia was higher with comparative therapy (2.1%) than with garenoxacin 
(0.9%) and the incidence of ventricular tachycardia was similar between treatments. 
 
The applicant identified 11 patients with possible VT that included two patients treated with 
garenoxacin with narratives that included the term Torsade de pointes although these were not coded 
as such. One of these was a female aged 89 years with an IAI who had a QTcB of 517 ms on Day 5 
compared to 403 ms pre-dose on Day 1. On Day 15 there was a SAE of syncope with long QTc, which 
resolved on the same day. Garenoxacin was discontinued but there was another episode described as 

association was seen between decrease in heart rate and garenoxacin plasma con
appeared that some individuals who became hypotensive after administration of IV ga
unable to mount an appropriate tachycardia in response to the hypotension. 
 
Investigation of potential risk factors for hypotension showed a 2-fold (unadjusted)
garenoxacin vs pooled comparators. Patients with baseline sy
age ≥ 65 years, Fine Class IV/V (CAP) or APACHE II >10 (IAI) were more li
hypotensive event. With the exception of baseline bp and Fine Class, the odds ra
estimates suggested stronger associations for these factors with hypotensive events in 
with garenoxacin compared to other therapies. 
 
Garenoxacin-treated subjects who received diuretics, digoxin, nitrates, inotropic a
blockers were more likely to have a hypotensive event than those who did not. In contr
of hypotensive events was observed in those who received antihistamines compared to t
not receive them.  
It was proposed that IV garenoxacin may trigger hypotensive events in some individua
causing histamine release (althoug
garenoxacin and
heart rate or prevent a reflex stimulated increase in heart rate possibly due to its 
adrenoceptors. In subj

sufficient additive or synergistic insult to result in the development of signific
hypotension of varying degrees of severity. 
 
Cardiac conduction 
For oral studies, the incidence of arrhythmia events was only very slightly higher for ga
for comparative group patients. 
 
The rate of bradycardia was slightly higher (1.4%) for garenoxacin in IV to PO st
comparators (0.9%) although sinus bradycardia occurred in 0.1% and 0.3%, respective
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syncope and Torsade de pointes on Day +8 that was attributed to sotalol by the in
second was a 30-year-old male who received two doses of oral garenoxacin when he w
the ICU with worsening heart failure, hepatitis (ascribed to ischaemic injury) and kidn
day +3, while in the intensive care unit, there was VF

vestigator. The 
as admitted to 

ey failure. One 
 with Torsade de pointes that resolved the same 

he events were judged to be unrelated to garenoxacin.   

8/2071 (8.1%) 
ere were no major 

s the incidence 
nes). 

an AE mapped 
dizziness, 

vasodilatation and agitation. When garenoxacin was compared to levofloxacin in study 021 the 
f nervous system events of any causality was similar at 11% for garenoxacin and 10% for 

ally associated 
2.6% for beta-

%) but most seem unlikely to have been due to phototoxicity.  
one AE potentially associated with phototoxicity 

 beta-lactams. 
seem to be due 

Arthrotoxicity and tendonitis 

ported with no 
for garenoxacin and beta-

day and t
 
CNS effects 
In the Phase II/III studies of PO dosing 284/3456 (8.2%) garenoxacin and 16
comparative group patients had an AE mapped to the nervous system but th
differences between agents. When garenoxacin was compared only to other quinolone
of nervous system events was again similar (8.6% for garenoxacin vs 9.1% for other quinolo
In the IV-to-PO studies 17.5% garenoxacin and 19.7% comparative group patients had 
to the nervous system of which the commonest were insomnia, anxiety, confusion, 

incidence o
levofloxacin. 
 
Phototoxicity  
In the PO dosing studies of efficacy 124 (2.2%) patients had at least one AE potenti
with phototoxicity but rates were 1.7% for garenoxacin, 6.2% for other quinolones, 
lactams and 2.1% treated with macrolides. The most frequently reported AEs were rash (1.2%) and 
erythema (1.0
In the IV-to-PO studies 116 (6.1%) had at least 
including 5.9% given garenoxacin, 1.2% treated with quinolones and 7.5% treated with
Again the most frequently reported events (rash in 3.5% and erythema in 2.6%) did not 
to phototoxicity.  
 

In Phase II/III studies rates of AEs related to joints and tendons were similar for patients given 
garenoxacin and other agents. Overall tendon and articular AEs were infrequently re
change in incidence with increasing age. Rates of tendonitis were similar 
lactams, which are not associated with joint and tendon disorders. 
 
Deaths 
In the comparative PO studies the death rates were similar for garenoxacin and comparative treat
(4/2353 and 3/2071) and none was judged by the investigator to be related to study drug
 
There were 49 deaths reported during the IV ± PO studies with rates of 31/990 (3.1%) f
and 18/914 (2.0%

ments 
.  

or garenoxacin 
) for comparators but none was considered related to therapy by the investigators. 

These total figures reflect an imbalance in death rates that was seen in one study (027) in which the 
tes were 13/226 (5.8%) for garenoxacin and 3/226 (1.3%) for piptazobactam and 

iew performed 
tribute to death 
 and co-morbid 

medical conditions (e.g. six in the garenoxacin group who died had a malignancy compared to none in 

30-day mortality ra
the total mortality rate was 3.5%. According to the investigators and a retrospective rev
by an independent, 3-member expert panel of surgeons, study drug did not directly con
in any of these 16 patients. The two primary causes of death were IAI (under study)

the comparator arm).  
 
Serious Adverse Events 
In PO studies 138/3680 (3.8%) garenoxacin patients experienced at least one SAE and more than half 
had a respiratory event with the most frequently reported being pneumonia (0.8%) and lung disorder 
(0.3%). Drug-related SAEs occurred in 0.3% of garenoxacin patients and 0.1% in the comparative 
group but no obvious pattern emerged. 
 
In IV to PO studies 15.2% given garenoxacin had at least one SAE compared to 14% for patients 
given other therapies. Drug-related SAEs occurred in 1.6% garenoxacin and 1.1% comparative group 
patients and the main difference was for digestive system SAEs that occurred in 0.7% and 0.1% in 
respective groups.  

 ©EMEA 2007 53/56 



 

 
Laboratory abnormalities  
 
With PO regimens most laboratory abnormalities in patients were Grade 1. Elevations 
amylase and glucose were the most frequently reported in both treatment groups. H
(6.8% vs 3.8%), changes in haemoglobin (8.3% vs 6.7%) and elevations in creatinine (5
occurred at higher rates with garenoxacin while hyperglycaemia (in fasted subjec
common in comparator-treated patients (23.9% vs 18.8%, respectively). Males

in ALT, AST, 
ypoglycaemia 
.8% vs 3.3%) 

ts) was more 
 treated with 

garenoxacin were more likely than females to have hyperglycaemia (23.7% vs 11.9%), 
vs 1.9%).   

worsening of 
 vs 18.8%) 

occurred slightly more often in the garenoxacin group. One garenoxacin-treated patient had worsening 
tly higher for 

thrombocytopenia (3.1% vs 1.4%), elevated ALT (15.7% vs 7.0%) and total bilirubin (4.9% 
 
In patients in the comparative studies with abnormal laboratory results at baseline, 
elevated creatinine (12.2% vs 5.3%), eosinophilia (5.6% vs 3.5%) and neutropenia (20.7%

hypoglycaemia and the incidence of worsening hyperglycaemia was also sligh
garenoxacin (19.1%) than for comparators (16.8%). 
 
With IV to PO regimens most laboratory abnormalities were Grade 1 or 2. Abnorma
function were slightly more frequent in the garenoxacin group but hypo- and hyperg
slightly less common with garenoxacin. The most common Grade 3 or 4 laboratory abn
in amylase (1.8% garenoxacin vs

lities in renal 
lycaemia were 

ormalities were 
 comparator, 2.0%), hyponatraemia (1.3% vs 1.4%) and 

hyperkalaemia (1.4% vs 0.8%). Males treated with garenoxacin had higher rates of ALT (32.2% vs 
to females. In 
mia (13.3% vs 

 
al baseline values occurred more commonly in garenoxacin patients for 

lso, clinically 
ubin (5.4% vs 

22.5%), amylase (17.5% vs 9.5%) and hyperglycaemia (34.4% vs 19.0%) compared 
contrast females showed higher rates of hypernatraemia (5.2% vs 1.4%), hyperchlorae
1.7%) and hypoglycaemia (7.9% vs 3.3%).   

Worsening of abnorm
creatinine (14.5% vs 6.3%), BUN/urea (6.7% vs 1.2%) and bilirubin (10.1% vs 5.9%). A
relevant worsening was higher in the garenoxacin group for AST (5.9% vs 2.0%), bilir
2.5%) and hyperglycaemia (5.6% vs 3.5%).  
 
Discontinuation due to AES 
In PO studies 2.4% of patients given garenoxacin and 3% who received compar
discontinued therapy prematurely due to an AE. Twice as many in the comp
discontinued 

ative therapies 
arative groups 

study drug prematurely due to digestive system events (1.6% vs 0.8%). 

mainly for rash (0.6% vs 
ate was 4.5% for all 

 patients. Ten patients (6 garenoxacin) had a laboratory abnormality that led to 
nd 2/4 patients given piptazobactam these were 

ystem

 
In IV to PO studies 53/987 (5.4%) discontinued garenoxacin due to an AE, 
0.2% for comparators) and allergic reaction (0.5% vs 0.1%) while the r
comparative group
discontinuation and in 5/6 in the garenoxacin group a
abnormal LFTs.  
 
Pharmacovigilance s  

nce system has been described and appears to be satisfactory.  The Pharmacovigila
 
Risk Management Plan 
This identifies the following risks that require further evaluation: 

o Hypotension 
o Cardiac conduction 
o Drug interactions 

 
Risk Minimisation Plan 
The following is proposed: 

1. An education program targeted to key healthcare professionals minimise the risk of 
cardiovascular and/or hypersensitivity events associated with administration of intravenous 
garenoxacin.   
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2. A Phase IV randomised clinical study to evaluate whether pre-treatment with antihistamines 

gy trial, further assess the cardiac electrophysiology of subjects 

n enhanced pharmacovigilance 
program in order to identify any emerging safety signals in a timely manner. 

 

e were more common with garenoxacin than 
 mg doses may 

 infusion sites 
 the SPC. The 
 compared and 

ice of 1 h durations for the Phase III studies. This 
, hypotension-
 treatment and 

me on efficacy. 
 

ons of possible 
t medications. 

ble suggest that the risk of clinically important QTc prolongation with garenoxacin is 
probably low.. The applicant should conduct a study of the effect on QTc in accordance with CHMP 

his issue must 
otential for PR 
ings should be 

 
e of the early 
plicant should 
 reactions and 
vide a detailed 
 RMP. 

sociation between raised/worsening creatinine and urea 
with garenoxacin. There may also be some association with worsening LFTs and hypoglycaemia. 

g comparisons 
and by indication and dose. The applicant should 

ts on glucose 
the light of the 

ostasis should 

The gender differences in laboratory data merit further scrutiny including an examination of gender 
imbalances according to distributions of underlying diseases. 
 
The Risk Management Plan is considered to be inadequate at present. The applicant should amend this 
to reflect special attention to all AEs associated with fluoroquinolones at least during the initial post-
marketing period. As mentioned, changes in blood glucose, abnormal LFTs and decreased renal 
function should be covered. The applicant should provide details of plans to further investigate 
histamine release. 
  

reduces the incidence of cardiovascular and/or hypersensitivity events. 
3. Through a clinical pharmacolo

who receive intravenous garenoxacin. 
4. To continuously assess the safety profile of garenoxacin by a

 

Comment on safety 
 
In the comparative studies dizziness and somnolenc
pooled comparators. The higher rates of AEs seen with 600 mg doses compared to 400
reflect the more serious infections treated with the higher dose.   
 
Intravenous therapy with garenoxacin was associated with higher rates of problems at
than observed with the various comparators and this must be clearly reflected in
applicant should revisit the data in healthy subjects in which 1 h and 3 h infusions were
provide further justification for the final cho
justification should also take into account the association between duration of infusion
related AEs observed in IV to PO studies that occurred during the IV or PO periods of
the possible effects of a longer infusion ti

The major issue for garenoxacin is drug-related hypotension. Very detailed investigati
risk factors identified several that included both host characteristics and concomitan
These must all be described in detail in the SPC.  
 
The data availa

guidance before approval can be considered and the SPC should reflect the findings.  T
also be appropriately addressed in the Risk Management Plan. There is also some p
prolongation but without progression beyond first degree heart block. Adequate warn
placed in the SPC. 

Pruritus, rashes and allergic reactions have been reported. It is not clear whether som
hypotension cases observed might in some way reflect serious hypersensitivity. The ap
review the database carefully for all events that might have represented hypersensitivity
provide a detailed summary and discussion of these cases. The applicant should also pro
rationale for the selection of hypersensitivity as a matter for enhanced surveillance in the
 
The laboratory data in patients suggest an as

These issues merit further investigation and discussion by the applicant, includin
between garenoxacin and individual comparators 
also perform a well-designed study in diabetic persons to further evaluate effec
homeostasis. Whether this has to be completed pre-licensure will be considered in 
company’s answers. The SPC should reflect the data and all changes in glucose home
receive special attention in the Risk Management Plan. 
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IV. ORPHAN MEDICINAL PRODUCTS 

N/A 

agement Plan, 
avourable for Garenoxacin 400 mg tablet in the 

 sinusitis 

e risk benefit 
 unfavourable for: 

ssue infections 
fections (IAI) and acute pelvic infections (as follow-on to IV 

therapy). 
o Garenoxacin 2 mg/ml solution for infusion for the treatment of CAP (400 mg) or for cSSTI, 

IAI and acute pelvic infections (600 mg). 

 

 

 
 
V. BENEFIT RISK ASSESSMENT 
 
Subject to adequate responses to the LOQ and to provision of a satisfactory Risk Man
the risk benefit relationship might be considered f
treatment of mild to moderate community-acquired pneumonia (CAP) and for acute maxillary
but not for acute exacerbations of chronic bronchitis (AECB). 
 
Due to inadequate evidence of efficacy at this time in the claimed indications, th
relationship is

o Garenoxacin 600 mg tablet for the treatment of complicated skin and soft ti
(cSSTI) or for intra-abdominal in
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