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Apologies…
• I'm sorry that I cannot give this presentation in Chinese...

• The Chinese language is very artistic and logical ... 
and I'd very much like to read famous Chinese authors in the text …

• But, in my country, I already use, daily, two languages, French and Dutch, 
with patients, family and friends …

• plus English in the laboratory ...

• So, I'll use English here, which I hope will be acceptable to you…

The buildings of the 
Faculties of Medicine and 

Pharmacy and the Hospital 

The group of 
Pharmacology/Toxicology 

of antibiotics

Location of the  
Université catholique de Louvain 

in Brussels

Slides are available on http://www.facm.ucl.ac.be  "Lectures"

http://www.facm.ucl.ac.be/
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Because we published about fluoroquinolones



Why do I speak about fluoroquinolones ?
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Because we published about fluoroquinolones

1990
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Contents of the Presentation  

• The warnings of the US Food & Drug Administration (FDA) and 
their context…

• All antimicrobials have associated toxicity risks …

– Major non-serious and serious side-effects associated with the main 
antimicrobials used in the treatment of CAP 
(β-lactams, macrolides, tetracyclines). 

• Adverse effects of moxifloxacin vs other agents

– an overview of clinical trials

• The risk of bacterial failure

– is moxifloxacin still active ?  

• Conclusions
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The warnings of the US food & Drug Administration

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm
Last visited: 3 Dec 2016

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm
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The warnings of the US food & Drug Administration

• “Fluoroquinolones have risks and benefits that should be considered very 
carefully,” said Edward Cox, M.D., director of the Office of Antimicrobial 
Products in the FDA’s Center for Drug Evaluation and Research. 

• “It’s important that both health care providers and patients are aware of both the 
risks and benefits of fluoroquinolones and make an informed decision about 
their use.”

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm
Last visited: 3 Dec 2016

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm
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The warnings of the US food & Drug Administration

• The labeling changes include an updated Boxed Warning and revisions to the 
Warnings and Precautions section of the label about the risk of disabling and 
potentially irreversible adverse reactions that can occur together. The label also 
contains new limitation-of-use statements to reserve fluoroquinolones for 
patients who do not have other available treatment options for acute bacterial 
sinusitis, acute bacterial exacerbation of chronic bronchitis and uncomplicated 
urinary tract infections.

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm
Last visited: 3 Dec 2016

http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm513183.htm


The new US 
label of 

moxifloxacin
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Tendinitis and tendon rupture
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• There were 2495 FDA's Adverse Event Reporting System (FAERs reports) of 
tendon rupture associated with currently approved FQs since their respective 
introduction on the market and up to 2012 (on a total of about 300 millions 
prescriptions ). 

• Most FAERS reports were associated with levofloxacin (n = 1555) followed by 
ciprofloxacin (n = 606) and moxifloxacin (n = 230)

• Signal detection results for FQs using Empirical Bayes Geometric Mean (EBGM) 
were as follows: 

• levofloxacin 55.2, 95% CI = 52.3 - 58.0
• ciprofloxacin 20.0, 95% CI = 18.2 - 21.6
• moxifloxacin 13.3, 95% CI = 11.7 - 15.1

• Most cases were in elderly in association with corticosteroids

Arabyat et al. Expert Opin Drug Saf. 2015;14:1653-60 - PMID: 26393387

https://www.ncbi.nlm.nih.gov/pubmed/?term=26393387


Peripheral neuropathy
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A PubMed search
yielded 2 

references related 
to the use of 

moxifloxacin for 
treatment of 
tuberculosis 

PubMed search made on 3 Dec 2016



Central nervous system toxicity
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This was recognized and characterized by Bayer  since the late 1990's



But the risk for moxifloxacin is low
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This was recognized and characterized by Bayer  since the late 1990's

Increase of the population 
spike amplitude of the 
pyramidal cells in the CA1 
region of the hippocampus



Moxifloxacin (possibly) – induced seizures are described
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Quoting:

"Moxifloxacin 
penetrates well 
through the 
blood-brain 
barrier, but lacks 
the specific 
structure toxicity 
relationships 
noted to induce 
seizures."



Fluoroquinolones structure-toxicity relationships
and GABA receptor binding
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moxifloxacin

Van Bambeke et al. Clin Microbiol Infect. 2005;11:256-280 - PMID: 15760423

https://www.ncbi.nlm.nih.gov/pubmed/?term=15760423


Moxifloxacin drug interactions: the case of NSAIDs
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Kim et al. Drug Metab Pharmacokinet. 2009;24:167-174 - PMID: 19430173

"Fluoroquinolone-induced CNS excitation is attributable to the inhibition of g-
aminobutyricacid (GABA) binding to the GABAA receptor. 

Some NSAIDs such as fenbufen, potentiate the blockade of the GABAA receptor by 
fluoroquinolones."

https://www.ncbi.nlm.nih.gov/pubmed/?term=19430173


Moxifloxacin drug interactions: the case of NSAIDs
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Kim et al. Drug Metab Pharmacokinet. 2009;24:167-174 - PMID: 19430173

 ENX: enoxacin
 BPAA: 4-biphenylacetic acid

(the active metabolite of fenbufen)  The combination of 4-biphenylacetic acid with enoxacin was 
concluded to be one of the most hazardous.

https://www.ncbi.nlm.nih.gov/pubmed/?term=19430173


Fluoroquinolones structure-toxicity relationships
and interactions with NSAIDs for GABA binding

18-12-2016 Fluoroquinolones and RTI, Beijing, China 19

enoxacin

N N

F

OCH3

O

COOH

H
N

H

H

moxifloxacin

Van Bambeke et al. Clin Microbiol Infect. 2005;11:256-280 - PMID: 15760423

https://www.ncbi.nlm.nih.gov/pubmed/?term=15760423


An overall view of mechanistic effects
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De Sarro & De Sarro. Curr Med Chem. 2001;8:371-384 - PMID: 11172695

https://www.ncbi.nlm.nih.gov/pubmed/?term=11172695


An overall view of mechanistic effects
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De Sarro & De Sarro. Curr Med Chem. 2001;8:371-384 - PMID: 11172695

https://www.ncbi.nlm.nih.gov/pubmed/?term=11172695


Incidence of moxifloxacin adverse effects 
in the EU label 
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4.8 Undesirable effects
• Adverse reactions based on all clinical trials with moxifloxacin 400 mg (oral and 

sequential therapy) sorted by frequencies are listed below:

• Apart from nausea and diarrhoea all adverse reactions were observed at frequencies 
below 3%.

• Within each frequency grouping, undesirable effects are presented in order of 
decreasing seriousness.

• Frequencies are defined as:
• common (≥ 1/100 to < 1/10)
• uncommon (≥ 1/1,000 to < 1/100)
• rare (≥ 1/10,000 to < 1/1,000)
• very rare (< 1/10,000)

English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


Incidence of moxifloxacin adverse effects 
in the EU label (1 of ) 
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Infections and infestations Superinfections (resistant bacteria or 
fungi)

Blood and lymphatic system 
disorders

Anaemia, Leucopenia(s)
Neutropenia, thrombocytopenia
Thrombocythemia
Blood eosinophilia
Prothrombin time prolonged/INR 
increased 

Immune system disorders Allergic reaction

Metabolism and nutrition disorders Hyperlipidemia 

Psychiatric disorders Anxiety reactions 
Psychomotor hyperactivity/ agitation 

Nervous system disorders Headache
Dizziness 

Par- and Dysaesthesia
Taste disorders 
Confusion and disorientation
Sleep disorders (insomnia)
Tremor
Vertigo
Somnolence 

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


Incidence of moxifloxacin adverse effects 
in the EU label (2 of ) 
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Eye disorders Visual disturbances incl. diplopia and 
blurred vision

Cardiac disorders QT prolongation in patients with 
hypokalaemia

QT prolongation (see section 4.4) 
Palpitations 
Tachycardia 
Atrial fibrillation 
Angina pectoris 

Vascular disorders Vasodilatation

Respiratory, thoracic and 
mediastinal disorders

Dyspnea (including asthmatic 
conditions) 

Gastrointestinal disorders Nausea, Vomiting 
Gastrointestinal and abdominal pains 
Diarrhoea

Decreased appetite and food intake
Constipation, Dyspepsia, Flatulence
Gastritis
Increased amylase 

Hepatobiliary disorders Increase in transaminases Hepatic impairment (LDH increase)
 bilirubin, gamma-glutamyl-
transferase, alkaline phosphatase

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


Incidence of moxifloxacin adverse effects 
in the EU label (2 of ) 
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Skin and subcutaneous tissue 
disorders

Pruritus, Rash, Urticaria, Dry skin 

Musculoskeletal and connective 
tissue disorders

Arthralgia, Myalgia

Renal and urinary disorders Dehydration 

General disorders and 
administration site conditions

Feeling unwell (asthenia or fatigue)
Painful conditions (incl. pain in back, 
chest, pelvic and extremities)
Sweating 

• Rare (≥ 1/10,000 to < 1/1,000) events include anaphylaxis and allergic oedema, depression and 
hallucination, seizures and peripheral neuropathies, tachyarythmia and syncope, cholestic hepatitis, 
tendonitis, and renal failure  

• Very rare (< 1/10,000) events include psychotic reactions, torsade de pointe, hepatitis, bullous skin 
recations, tendon rupture

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


Incidence of moxifloxacin adverse effects 
in the EU label (2 of ) 
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Skin and subcutaneous tissue 
disorders

Pruritus, Rash, Urticaria, Dry skin 

Musculoskeletal and connective 
tissue disorders

Arthralgia, Myalgia

Renal and urinary disorders Dehydration 

General disorders and 
administration site conditions

Feeling unwell (asthenia or fatigue)
Painful conditions (incl. pain in back, 
chest, pelvic and extremities)
Sweating 

• Rare (≥ 1/10,000 to < 1/1,000) events include anaphylaxis and allergic oedema, depression and 
hallucination, seizures and peripheral neuropathies, tachyarythmia and syncope, cholestic hepatitis, 
tendonitis, and renal failure  

• Very rare (< 1/10,000) events include psychotic reactions, torsade de pointe, hepatitis, bullous skin 
recations, tendon rupture

• Most fluoroquinolone-associated seizures 
are linked to drug interactions, epilepsy, 
brain tumors, anoxia, and alcohol 
dependence…

• PubMed contains only case reports as 
clinical data for moxifloxacin  

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


Incidence of moxifloxacin adverse effects 
in the EU label (2 of ) 
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Skin and subcutaneous tissue 
disorders

Pruritus, Rash, Urticaria, Dry skin 

Musculoskeletal and connective 
tissue disorders

Arthralgia, Myalgia

Renal and urinary disorders Dehydration 

General disorders and 
administration site conditions

Feeling unwell (asthenia or fatigue)
Painful conditions (incl. pain in back, 
chest, pelvic and extremities)
Sweating 

• Rare (≥ 1/10,000 to < 1/1,000) events include anaphylaxis and allergic oedema, depression and 
hallucination, seizures and peripheral neuropathies, tachyarythmia and syncope, cholestic hepatitis, 
tendonitis, and renal failure  

• Very rare (< 1/10,000) events include psychotic reactions, torsade de pointe, hepatitis, bullous skin 
recations, tendon rupture

FactMed Summary Statistics 
• Reports of MOXIFLOXACIN causing NEUROPATHY: 6 
• Reports of any side effect of MOXIFLOXACIN : 473 
• Percentage of MOXIFLOXACIN patients where 

NEUROPATHY is a reported side effect: 1.2685%
• No case of seizures was reported

Source: http://factmed.com/report-MOXIFLOXACIN%20HYDROCHLORIDE-causing-NEUROPATHY.php

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
http://factmed.com/report-MOXIFLOXACIN%20HYDROCHLORIDE-causing-NEUROPATHY.php
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English text obtained from http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets
Cross-checked with the official Belgian SmpC (in French) 

System Organ Class 
(MedDRA) 

Common Uncommon

Skin and subcutaneous tissue 
disorders

Pruritus, Rash, Urticaria, Dry skin 

Musculoskeletal and connective 
tissue disorders

Arthralgia, Myalgia

Renal and urinary disorders Dehydration 

General disorders and 
administration site conditions

Feeling unwell (asthenia or fatigue)
Painful conditions (incl. pain in back, 
chest, pelvic and extremities)
Sweating 

 Assuming causality, it is mainly a problem of benefit / risk ratio

• Rare (≥ 1/10,000 to < 1/1,000) events include anaphylaxis and allergic oedema, depression and 
hallucination, seizures and peripheral neuropathies, tachyarythmia and syncope, cholestic hepatitis, 
tendonitis, and renal failure  

• Very rare (< 1/10,000) events include psychotic reactions, torsade de pointe, hepatitis, bullous skin 
recations, tendon rupture

http://www.medicines.org.uk/emc/medicine/11841/SPC/Avelox+400+mg+film-coated+tablets


But fluoroquinolones are not alone
for toxicities
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Don't we hear 
this for many 
widely used 

drugs ?



Alternative antibiotics associated risks *  

Class Drugs Frequent or serious side effects

β-lactams amoxicillin • Anaphylactic reactions
• Clostridium difficile-associated colitis
• Digestive tract: diarrhoea, nausea
• CNS: agitation, anxiety, insomnia, confusion, convulsions, behavioural changes, 

and/or dizziness.

amoxicillin –
clavulanic acid

• Anaphylactic reactions
• Clostridium difficile-associated colitis
• Hepatic toxicity, including hepatitis and cholestatic jaundice
• Digestive tract: diarrhoea, nausea 
• CNS : agitation, anxiety, insomnia, confusion, convulsions, behavioural changes, 

and/or dizziness 

cefuroxime • Anaphylactic reactions and cutaneous eruptions
• Nephrotoxicity (aggrav. with loop diuretics)
• Hepatic toxicity
• Clostridium difficile-associated colitis

ceftriaxone • Anaphylactic reactions and cutaneous eruptions
• Digestive tract:diarrhoea, nausea
• Clostridium difficile-associated colitis
• Hematologic disturbances (éosinophilia, leucopenia, granulopenia, thrombopenia)
• Hepatic and biliary toxicities (precipitation of Ca++ salt)
• CNS: cephalalgia, vertigo 

* based on an analysis of the respective labelling (European SmPC or equivalent) for common and uncommon events  
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All antimicrobials have associated risks *  

Class Drugs Frequent or serious side effects

Macroli
des

clarithromycin • Anaphylactic reactions
• Clostridium difficile-associated colitis
• Drug interactions (CYP450)
• Hepatic toxicity, including hepatitis and cholestatic jaundice
• Palpitations, arrhythmias including prolonged QTc
• Digestive tract: diarrhoea, nausea, vomiting, abnormal taste
• CNS: headache, confusion, …

azithromycin • Anaphylactic reactions
• Clostridium difficile-associated colitis
• Drug interactions (CYP450), less frequent than with other macrolides 
• Hepatic toxicity, including hepatitis and cholestatic jaundice
• Digestive tract: diarrhoea, nausea, abdominal pain
• CNS: dizziness, fatigue, vertigo, …
• Genitourinary: nephritis, vaginitis

telithromycin • Anaphylactic reactions and allergic skin reactions
• Clostridium difficile-associated colitis 
• Hepatotoxicity
• Visual disturbance
• Loss of consciousness
• Respiratory failure in patients with myastenia gravis
• QTc prolongation
• Drug interactions (CYP450)
• Digestive tract: diarrhoea, nausea, vomiting, dysgueusia
• CNS: headache, dizziness

* based on an analysis of the respective labelling (European SmPC or equivalent) for common and uncommon events  
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Comparisons of hepatotoxicity risks of antibiotics

Incidence rate (CI)

Antibiotic population per 100,000 users per 100,000 
prescriptions

endpoint reference

fluoroquinolones
(w/o moxifloxacin)

Outpatient clinic, 
Sweden
(1995-2005)

0.7 (0.5-1.1) International 
consensus

[1] 

moxifloxacin Outpatient clinic, 
Sweden
(1995-2005)

0.08 (0.0-0.5) International 
consensus

[1] 

cotrimoxazole Saskatchewan Health 
Plan, Canada (1982-
1986)

1.0 (0.2-5.7) 4.9 (0.9-27.6) International 
consensus, 
hospitalisati
on

[2] 

erythromycin Saskatchewan Health 
Plan, Canada (1982-
1986)

2.0 (0.7-5.9) 14.0 (4.8-41.2) International 
consensus, 
hospitalisati
on

[2] 

amoxicillin-
clavulanic acid

General practice 
research database, 
United Kingdom 
(1991-1992)

22.5 (14.7-34.4) 17.4 (11.4-26.5) International 
consensus

[3] 

1. De Valle et al. Aliment Pharmacol Ther 2006 Oct 15; 24(8): 1187-95
2. Perez et al. Epidemiology 1993 Nov; 4(6): 496-501
3. Garcia-Rodriguez et al. Arch Intern Med 1996 Jun 24; 156(12): 1327-32 

* see Van Bambeke & Tulkens Drug Saf. 2009;32:359-378 - PMID: 19419232 for full Table and details

https://www.ncbi.nlm.nih.gov/pubmed/?term=19419232
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An extensive review of hepatic toxicity of antibiotics
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An extensive review of hepatic toxicity of antibiotics



Comparative cardiac safety of antibiotics

• Moxifloxacin IV produces a predictable increase in QTC interval

• The frequency of cardiac adverse events and drug-related cardiac adverse events 
are similar for moxifloxacin- and comparator-treated patients

• No increased risk of cardiac morbidity or mortality was seen in hospitalised 
patients with CAP (including high risk ones) treated with IV moxifloxacin (CAPRIE 
study)

Moxifloxacin is used as a positive control for QTC effect(s) in Phase I 
studies because it offers a positive signal without risk of clinical adverse 
events to the volunteers.

50

sparfloxacin: 15 b

terfenadine: 46

0 10 20 30 40 msec

clarithromycin: 11-22 a

moxifloxacin (IV) 6-10

Ref.:a Carr et al. Antimicrob Agents Chemother. 1998; 42:1176-80; Germanakis et al. Acta Paediatr. 2006;95:1694-6.  
b Jaillon et al. J Antimicrob Chemother. 1996; 37 Suppl A:161-7; Jaillon et al. Br J Clin Pharmacol. 1996; 41:499–503.c 

c Tschida et ak. Pharmacotherapy. 1996;16(4):663-74; Oberg et al. Pharmacotherapy. 1995;15:687-92 

erythromycin (IV) 30-51 c
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Risk factors for severe cardiac effects 

Owens, R.C., CID 2006 43 1603-11
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Risk of Torsade de pointes and 
inhibitors of CYP450 metabolism

Simkó et al., Infection 2008;36:194-206

The use of macrolides without paying attention to other drugs may put patients at risk …
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All antimicrobials have associated risks …  

Conclusions so far:

• All antimicrobials used in RTI are associated with known toxicities

• The main point will be the recognition of patients at risk (exclusions)

• The next point will be a correct evaluation of the benefit / risk ratio in the 
specific environment and for the specific patient

RTI: respiratory tract infection

Never 
say that 

…
but check for specific risks

You walk too much in risky 
places … 

This will not be good for you

And assess the benefit / risk ratio !
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Populations at risk *

Class Drugs Populations at higher risk of side effects
β-lactams amoxicillin •Allergic patients

amoxicillin/
clavulanic acid

•Allergic patients
•Erythematous skin rash: patients with mononucleosis
•Hepatic toxicity: patients with hepatic 
dysfunction 

•Nephrotoxicity: elderly patients
macrolides clarithromycin •Cardiac effects: patients taking other drugs with 

effects on QTc or class 1A or III antiarrythmics
•Pregnancy
•Patients with severe renal impairment with or without 
coexisting hepatic impairment

•Patients taking drugs metabolized by CYP450
azithromycin •Hepatotoxicity: patients with liver failure

* as defined by the corresponding labelling
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The whole clinical trial moxifloxacin data base

Tulkens et al. Drugs R D. 2012;12:71-100 - PMID: 22715866

https://www.ncbi.nlm.nih.gov/pubmed/?term=22715866
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Which patients and which comparators ?

open-label and double-blind actively controlled clinical trials included in the clinical trial database of moxifloxacin 400 mg once-
daily  performed by the registration holder (currently Bayer HealthCare) as part of the phase II-IV programmes initiated, completed 
and with raw data reported to the sponsor between 1996 and 2010

Tulkens et al. Drugs R D. 2012;12:71-100 - PMID: 22715866

https://www.ncbi.nlm.nih.gov/pubmed/?term=22715866
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Global results

Tulkens et al. Drugs R D. 2012;12:71-100 - PMID: 22715866

Double-blind studies

Simlar result for the open label studies

https://www.ncbi.nlm.nih.gov/pubmed/?term=22715866
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And for patients at risk ?

0.2 0.5 2 50.1 1 100.2 0.5 2 5
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               n = 2551 vs. 2403
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And for patients at risk ?
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And for patients at risk ?
PO sequential IV
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Conclusions (at this point)

• The overall safety profile of moxifloxacin is similar to that of 
comparators in clinical trials

• More specifically, and with regard to recent questions: 

– Hepatic events reactions were very low and not superior in a statistically 
significant manner to comparators even if considering patients with 
hepatic disorders

– While QTc prolongation were observed, no increase clinical adverse 
effects were seen even in patients with prexisting cardiac disorders vs. 
the comparator(s)

– Specific toxicities (tendonitis, e.g.) remained exceedingly rare with no 
difference between moxifloxacin and the fluroquinolone comparator

– Skin events were extremely rare and less frequent than with β-lactams

Tulkens et al. Drugs R D. 2012;12:71-100 - PMID: 22715866

https://www.ncbi.nlm.nih.gov/pubmed/?term=22715866


18-12-2016 Fluoroquinolones and RTI, Beijing, China 47

But what is "risk" ?

side effects ?

therapeutic failure ?
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How does moxifloxacin 
compares with other 

antibiotics: the case of 
S. pneumoniae
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How does moxifloxacin compares with levofloxacin for  
S. pneumoniae in CAP ?
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!
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Consequences: 

1. levofloxacin is "at the limit" (and should better be used at 750 mg QD or 500 mg BID)

2. moxifloxacin provides a better safety and minimizes the risk of emergence of resistance

Lismond et al. Int J Antimicrob Agents. 2012;39:208-16 - PMID: 22245497

https://www.ncbi.nlm.nih.gov/pubmed/?term=22245497


And what about COPD (2006-2013) ?
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Vandevelde et al. Int J Antimicrob Agents 2014;44:209-17 - PMID: 25123808.

Consequences: 

1. levofloxacin starts lagging beyind and gets very close even to CLSI breakpoint

2. moxifloxacin is not immune but still shows a much wider safety margin 
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S. pneumoniae susceptibility to
moxifloxacin in Belgium

0.0
07

81
25

0.0
15

62
5

0.0
31

25
0.0

62
5

0.1
25 0.2

5 0.5 1 2 4
0

25

50

75

100

MXF 2014

MXF 1999

MIC

cu
m

ul
at

iv
e 

pe
rc

en
ta

ge

18-12-2016 Fluoroquinolones and RTI, Beijing, China 51

Hs resistance to moxifloxacin materialized:
evidence for S. pneumoniae in Belgium from 1999 to 2014 *

EUCAST
breakpoint 

* Moxifloxacin was introduced in Belgiumin
2001 and became the almost only 

fluoroquinolone used for RTI since 2004

• Surveys from the Belgian Scientific Institute for 
Public Health for S. pneumoniae from 
community isolates 
(n=156 in 1999 and 312 in 2014) 

• Data available yearly for 1999 through 2014 at 
http://www.iph.fgov.be

From data of a national collection 

• Non invasive respiratory tract infections

• similar results in 2008 for a collection of S.pneumoniae
from clinically-confirmed CAP (n=132)

Similar 
curves for 

2001 
through  

2014

Vanhoof et al. 19th ECCMID, Helsinki, 2009
Ceyssens et al. 35th RICAI, Paris, 2015

Ceyssens et al. PLoS One. 2016;11:e0154816 - PMID: 27227336

http://www.iph.fgov.be/
https://www.ncbi.nlm.nih.gov/pubmed/?term=27227336
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Conclusions (Altogether)

• Moxifloxacin has kept over years an excellent activity against S. pneumoniae (and wil be 
effective against S. aureus up to an MIC of 0.125-1 mg/L) and should, therefore stand a 
as a useful alternative when so-called "1st line antibiotics" (for CAP, COPD or skin 
infections) have "stopped to work"

• The safety profile of moxifloxacin at 400 mg/day
remains excellent with no statistically or medically 
significant difference with comparators (used often
at a lower dose than recommended today) 

• Thus, and based on all available evidence, 
the use of moxifloxacin should not be vitiated by 
excessive toxicity if it is prescribed for the correct 
indications and with due attention to the 
contraindications and warnings mentioned in the 
labeling 

The Flemish Painter Hieronymus Bosch (c1450-1516) presented his fantasies in the tryptic "The Last Judgment" (c1510-15, Akademie, Vienna)

Van Bambeke & Tulkens Drug Saf. 2009;32:359-378 - PMID: 19419232
Tulkens et al. Drugs R D. 2012;12:71-100 - PMID: 22715866

https://www.ncbi.nlm.nih.gov/pubmed/?term=19419232
https://www.ncbi.nlm.nih.gov/pubmed/?term=22715866
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Thus, in a nutshell …  



Please, ask questions …
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All slide are available on http://www.facm.ucl.ac.be Lectures

be critical,
ask for facts !

Vesalius – Anatomy *

* ANDREAE VESALII Bruxellensis Scholae "De humani corporis fabrica libri septem" is a set of books on human anatomy written by Andreas Vesalius and 
published in 1543. It represented a major advance in the history of anatomy by moving from reiteration of past statements to actual observations

http://www.facm.ucl.ac.be/


Backup
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And what if we compare drugs ?
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And what if we compare drugs ?
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And what if we compare drugs ?
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	Moxifloxacin safety data review
	Apologies…
	Disclosures
	Why do I speak about fluoroquinolones ?
	Why do I speak about fluoroquinolones ?
	Contents of the Presentation  
	The warnings of the US food & Drug Administration
	The warnings of the US food & Drug Administration
	The warnings of the US food & Drug Administration
	The new US label of moxifloxacin
	Tendinitis and tendon rupture
	Peripheral neuropathy
	Central nervous system toxicity
	But the risk for moxifloxacin is low
	Moxifloxacin (possibly) – induced seizures are described
	Fluoroquinolones structure-toxicity relationships�and GABA receptor binding
	Moxifloxacin drug interactions: the case of NSAIDs
	Moxifloxacin drug interactions: the case of NSAIDs
	Fluoroquinolones structure-toxicity relationships�and interactions with NSAIDs for GABA binding
	An overall view of mechanistic effects
	An overall view of mechanistic effects
	Incidence of moxifloxacin adverse effects �in the EU label 
	Incidence of moxifloxacin adverse effects �in the EU label (1 of ) 
	Incidence of moxifloxacin adverse effects �in the EU label (2 of ) 
	Incidence of moxifloxacin adverse effects �in the EU label (2 of ) 
	Incidence of moxifloxacin adverse effects �in the EU label (2 of ) 
	Incidence of moxifloxacin adverse effects �in the EU label (2 of ) 
	Incidence of moxifloxacin adverse effects �in the EU label (2 of ) 
	But fluoroquinolones are not alone�for toxicities
	Alternative antibiotics associated risks *  
	All antimicrobials have associated risks *  
	Comparisons of hepatotoxicity risks of antibiotics
	An extensive review of hepatic toxicity of antibiotics
	An extensive review of hepatic toxicity of antibiotics
	Comparative cardiac safety of antibiotics
	Risk factors for severe cardiac effects 
	Risk of Torsade de pointes and �inhibitors of CYP450 metabolism
	All antimicrobials have associated risks …  
	Populations at risk *
	The whole clinical trial moxifloxacin data base
	Which patients and which comparators ?
	Global results
	And for patients at risk ?
	And for patients at risk ?
	And for patients at risk ?
	Conclusions (at this point)
	But what is "risk" ?
	How does moxifloxacin compares with other antibiotics: the case of �S. pneumoniae
	How does moxifloxacin compares with levofloxacin for  �S. pneumoniae in CAP ?
	And what about COPD (2006-2013) ?
	Hs resistance to moxifloxacin materialized:�evidence for S. pneumoniae in Belgium from 1999 to 2014 *
	Conclusions (Altogether)
	Thus, in a nutshell …  
	Please, ask questions …
	Backup
	And what if we compare drugs ?
	And what if we compare drugs ?
	And what if we compare drugs ?

