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1. Introduction and background

Most drugs are developed today on a world-wide basis following 
the requirements of the US Food and Drug Administration (FDA) 
and the European Medicines Agency (EMA).  While this has 
improved the quality of the clinical studies submitted for 
registration, it may make them poorly relevant to the situation 
prevailing in specific countries if epidemiology and/or 
comparators are different from those of these global studies.  

Performing additional clinical studies in target markets is often 
financially difficult and raises both scientific (number of patients 
who can reasonably be enrolled) and ethical (delaying the 
introduction of a potentially useful drug) issues. 

For anti-infective agents, this problem can be addressed by 
examining the susceptibility of the local target pathogens and 
using pharmacokinetic/pharmacodynamic

 

(PK/PD) approaches 
to examine how the results of the global studies may apply to 
specific local situations. 

Ceftaroline

 

(CPT; as its prodrug

 

ceftaroline

 

fosamil) has been 
approved by EMA for
• community acquired pneumonia (CAP)
• complicated skin and skin structure infections (cSSSI)

As for all -lactams, the PK/PD index governing the activity of 
CPT is  the time during which the free drug concentration 
remains above the MIC of the target organism [fT> MIC]).  
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2. Objectives

To assess whether ceftaroline

 

could be useful and efficacious in 
Belgium based on local epidemiology of the two main target 
organisms corresponding to its two  indication (S. pneumoniae

 

(SP) for CAP; methicillin-resistant S. aureus

 

[MRSA] for cSSSI), 
using "normal and "worst" scenarios for its PK parameters.  

3. Methods

Samples and MIC determinations:

•

 

MRSA: isolates collected between 2011 and 2012 from 
patients suffering of wound infections in 3 hospitals (1 in 
South-East of Brussels; 1 in North of Brussels; 1 in Hainaut);  

•

 

SP: isolates collected between 2009 and 2012 obtained from 
patients with confirmed cases of CAP (clinical and 
radiological criteria) and seen at the Emergency Department 
of 4 hospitals (1 in East-Flanders, 1 in North Brussels, 1 in 
South-East Brussels, 1 in Hainaut);

Determination by broth microdilution

 

(ISO standard) following 
the general recommendations of the US CLSI in comparison 
with 1st

 

line comparators (amoxicillin [AMX; SP] and 
vancomycin

 

[VAN; MRSA]). 

Interpretative criteria (breakpoints) of the European Committee 
for Antibiotic Susceptibility Testing (EUCAST [4]).

Modeling and calculations of fT> MIC

•

 

public published data on ceftaroline

 

pharmacokinetics and 
20% protein binding [1,2];

•

 

Batman's equation for description of the release of active 
CPT from its prodrug

 

(ka

 

) and its elimination (ke

 

; one 
compartment only since the deep compartment is negligible);

•

 

Monte-Carlo simulation for "worst" scenario based on 
covariance of published data [1].   

4. Results

Figure 1

 

shows the MIC cumulative percentages of CPT vs. 
amoxicillin (SP; left) and vancomycin

 

(MRSA; right) in relation 
to EUCAST breakpoints [4].

A significant proportion of SP isolates non-susceptible to AMX are susceptible to CPT.  For 
MRSA, the two drugs behave essentially alike when taking EUCAST breakpoints into 
account

Figure 2 shows the correlations between MICs

 

of individual 
strains for CPT vs

 

AMX and VAN using quantile

 

density 
contour analysis. 

While CPT and AMX MICs

 

are correlated, a subset of isolates intermediate or resistant to 
AMX are susceptible to CPT.  Conversely, there is no correlation

 

between CPT and VAN 
MICs

 

and most isolates are susceptible to both antibiotics

Figure 3

 

shows simulations of "mean patient" and "worst 
scenarios" for "free concentration > EUCAST breakpoints" 
based on PK data from registration studies [2,3]. 

For mean patients, fT>EUCAST breakpoint exceeds 100 % for both pathogens.  For "worst

 

scenarios" (increase in Vd

 

, reduced half-life),

 

fT>EUCAST breakpoint still reaches 66% for S. 
pneumoniae

 

and 41 % for MRSA.  Both values exceed the minimum requirement for activity 
according to EUCAST [4].

5. Conclusions

•

 

S. pneumoniae

 

and CAP: CPT may provide better coverage 
when AMX non-susceptibility becomes worrisome (as in 
patients from whom this collection was assembled);

•

 

MRSA and cSSSI: CPT is equivalent to VAN (but may be 
less toxic);

•

 

In both situations, reporting susceptibilities using EUCAST 
interpretative criteria will ensure optimal efficacy.  

Funding:

 

this work was supported in part by AstraZeneca s.a./n.v.

Conflicts of interest:

 

The Université

 

catholique

 

de Louvain

 

has received research grants 
and conference fees from AstraZeneca USA and International. 

*

 

Address for correspondence:

 

Paul M. Tulkens, Louvain Drug Research Institute, avenue 
E. Mounier

 

73 Bte

 

B1.73.05, B-1200 Bruxelles, Belgium -

 

e-mail: tulkens@facm.ucl.ac.be
$

 

Present address:

 

GlaxoSmithKline Biologicals, Wavre, Belgium 

S. pneumoniae (n = 136)

4.
9×

10
-0

4

9.
8×

10
-0

4

2.
0×

10
-0

3

3.
9×

10
-0

3

7.
8×

10
-0

3

0.
01

56
25

0.
03

12
5

0.
06

25
0.

12
5

0.
25 0.
5 1 2 4 8 16 32 64

0

25

50

75

100

amoxicillinceftaroline

MIC50

MIC90

<- - - S bkpt ceftaroline

<- - - S bkpt amoxicillin

MICs (mg/L)

%
 o

f 
st

ra
in

s 
(c

u
m

u
la

ti
ve

)

MRSA (n = 157)

0.
03

12
5

0.
06

25

0.
12

5

0.
25 0.
5 1 2 4 8

0

25

50

75

100
MIC90

MIC50

<- - - S bkpt ceftaroline

<- - - S bkpt vancomycin

ceftaroline vancomycin

MICs (mg/L)

%
 o

f 
st

ra
in

s 
(c

u
m

u
la

ti
ve

)

0 2 4 6 8 10 12
0.1

1

10

Vd =0.29 L /kg
Ka = 2.8 h-1

Ke = 0.277 h-1 -- t1/2 = 2.5 h

mean patient

mean patient

worse scenario
(95% CI)

Vd =0.6 L /kg
Ka = 2.8 h-1

Ke = 0.55 h-1 -- t1/2 = 1.26 h

EUCAST S/R bkptEUCAST S/R bkpt

S. pneumoniae
(CAP study)

worse scenario:

hours

m
g

/L

0 2 4 6 8 10 12
0.5

5

Vd =0.4 L /kg
Ka = 2.8 h-1

Ke = 0.346 h-1 -- t1/2 = 2h

worse scenario:
Vd =0.6 L /kg
Ka = 2.8 h-1

Ke = 0.55 h-1 -- t1/2 = 1.26 h

EUCAST S/R bkpt

worse
scenario
(95% CI)

mean patient

MRSA
(cSSSI study)

mean patient:

hours

m
g

/L

Annual meeting of the 
Association francophone des 

pharmaciens

 

hospitaliers

 

belges
3 March 2013

Address for correspondance:
P.M. Tulkens

Pharmacologie

 

cellulaire

 

et 
moléculaire

avenue E. Mounier

 

73 B1.73.05
B-1200 Bruxelles

tulkens@facm.ucl.ac.be

http://www.ema.europa.eu/
http://www.eucast.org/
mailto:tulkens@facm.ucl.ac.be

	Assessment of the suitability and usefulness �of a new antibiotic in Belgium in the absence �of local clinical data using pharmacokinetics/�pharmacocodynamics: an example with ceftaroline


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


