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Background

° In Phase lll, where large populations are often
exposed to chronic treatment, it is typical to
attempt to identify covariates which explain
variability in the dose exposure relationship

° Typically, this type of analysis is performed
using sparse data (3-4 observations per visit)
over a relatively long period (6-12 months)

* Gold standard method is compartmental
analysis using nonlinear mixed-effects (NLME)

e Searching for covariate relationships in this
manner can be extremely time-consuming

° Investigation of methods which allow more
rapid, but nevertheless adequately sensitive
identification of
warranted

Objective

covariate effects are

* Compare the NLME method with a linear
mixed-effects (LME) approach in terms of their
respective abilities to adequately elucidate
relevant covariate relationships on exposure
in a subject-rich but observation-poor context

° Methods will be compared in terms of

sensitivity, accuracy, precision, and analytical
time

Design

° A design corresponding to a typical Phase lll
confirmatory trial was used for simulation

° PK samples were simulated at 4 visits over a
period of 6 months — on Day 1, Day 14, Day 84
and Day 182

* PK samples were simulated at nominal times
of 1.5 h,4 hand 23.5 h

* 400 patients were included

° Dosing was 600 ug once daily
Simulation Model

* Fictitious compound with low clearance, high
volume and consequently high accumulation
(approximately five-fold)

° One-compartment model with linear

absorption and elimination (Table 1)

* Covariate effects on CL/F and V2/F (between
5% and 50% on model parameters, over the
range of values studied (20-80 y for age, and
40-120 kg for body weight)) — Figure 1 (5%
effect not shown)

Table 1. Base simulation model

Apparent clearance (CL/F, L/h) 5.50 40%
Apparent central volume of distribution 400 40%
(V2/F, L)

Absorption rate constant (ka, /h) 4.00 950%

Proportional residual error (o2, variance) 0.09 —
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Figure 1. Covariate effects
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Simulation and analysis

* Each scenario simulated 1000 times using
SSE tool in Perl-speaks-NONMEM (PsN)

° Each replicate was analyzed using two
discrete approaches

— NLME analysis of all the simulated data in a
given scenario using a compartmental
model implemented in NONMEM VI 2.0

(4800 observations per model fit)

— LME analysis of observed steady-state
peaks and pre-dose troughs only, as
implemented in nlme package of R 2.8.1
(1200 observations per model fit)

° Results assessed in terms of peak and trough
concentrations (observed or predicted)

Table 2. Power to detect ALL covariate effects simultaneously (%)
using both approaches. For LME, expressed as troughs [peaks]

Age on CL/F

20% 50%

S
=

= 0% [LME _ LME 30.2[30.0]96.7[94.3]
‘g.' _ 29.1 [26.6] 94.2 [90.5]
20% 5.50 [5.90] 2.20 [1.80] 5.40 [6.10]
6.70 [6.50] 2.20 [2.00] 6.10 [6.10]

50% 6.20 [12.0] 2.40 [4.30] 5.40 [6.10]
8.60 [11.7] 3.30 [4.20] 6.10 [6.10]

LME=linear mixed effects, ordinal; log LME=LME, log-transformed both sides; NLME
5=NLME, p < 0.05; NLME 0.01=NLME, p < 0.01. For LME: troughs [peaks]

Power to detect covariate effects

°* NMLE was most sensitive method, but also
used much more data

° Clinically relevant effect (50%) on CL/F
detected by LME with almost the same power

° Power of LME to detect effects on V2/F (at
steady state) virtually zero in simulated
scenario

exposure relationship in a Phase lll context
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Table 3. Bias (mean error, %) and precision (RMSE, %) of steady-
state peak and trough concentration estimates produced by each
method

Age on CL/F

= 7.13[6.70] FEVI= 7.05[6.70]
0 e

NIV =N -8.87 [-4.47] ERCIRYIIN -8.92 [-4.51]
3.55[1.89] MNEYI=5 3.52 [1.87]
3.54 [1.88] [IENI=1000

3.52 [1.87]
20% | LME 7.10 [6.68] HEV|= 7.14[6.71] | B=
N el

7.05 [6.66]
IRV =N -8.92 [-4.49] NRCIAYI=SN -8.86 [-4.46] HEINY=
9.34 [5.01] 10.0 [5.71]

8.39 [7.63]
NLME 5 3.91 [1.86] ENIMIYI=¥S 3.44 [1.79] | NIEVI= <

-8.91 [-4.50]
9.82 [5.70]
4.48 [2.74] 5.68 [3.74]
NLME 0.1 3.50 [1.84] RNEYI=0N 3.40 [1.74] YN
4.47 [2.73] 5.81 [3.86]

3.00 [1.49]
50% [EME 7.09 [6.69] pEWvI= .15 [6.72] @Y=
7.79 [7.23] 8.69 [7.76]

8.84 [6.29]
NIV -8.94 [-4.48] ERCILYI=EEN -8.88 [-4.45] QRCINYI=

2.72 [1.28]
7.17 [6.57]

-8.81 [-4.58]
NLME 5 3.56 [1.88] HNIEV/I=RS 3.58 [1.84] [NIEVI=5
.
NLME 0.1 3.56 [1.88] E\IR\/I=N 3.96 [1.78] ENIRVY/I=NN 3.30 [1.68]
--
LME=linear mixed effects, ordinal; log LME=LME, log-transformed both sides; NLME
5=NLME, p < 0.05; NLME 0.1=NLME, p < 0.001. Numbers expressed as troughs [peaks]
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Precision (RMSE, %)
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Figure 2. lllustrative example of results (560% age effect on CL/F)
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Bias and precision in peaks, troughs

° Though the LME method was generally more
biased and less precise, overall performance
was comparable (Table 3, Figure 2)

Analytical time

* LME was > 15-fold faster in this example

Conclusions

° The LME method may be a more efficient
method for elucidating PK covariate effects of
clinical interest (i.e. Influencing dosing
recommendations) using sparse Phase Il
steady-state exposure data in large numbers
of patients

° NLME remains the gold standard but LME is
orders of magnitude faster and allows more
efficient screening of the covariate space

* Simulation studies, such as the one carried
out here are recommended prior to

implementation on specific scenarios

* The usefulness of the LME approach will be
examined in the context of
— low- and moderately-accumulating drugs
— more complex PK models
— correlations between covariate effects
— more recent LME implementations
— alternative residual error models

Poster presented at the Population Approach Group Europe (PAGE), June 8-11, 2010, Berlin, Germany.





<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


