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Background
• After oral administration of prolonged release tablets of a new candidate drug compound, complex absorption profiles with 

high inter-individual variability and multiple peaks were found (Figure 1).

• The PK showed dose dependency, since Cmax increased more than proportional with increasing dose (Figure 2). No dose 
dependency in AUC was observed.

• Exploratory analysis showed that intake of food prior to administration of the study drug might affect its PK.

Results
• Deconvolution of the raw data displayed two absorption peaks (~0 h and ~4 h post dose), of which the latter one was non-proportional with dose (Figure 3).
• The absorption process is adequately described when using 2 input functions (see PK model), resulting in concentration-time profiles that differ between doses (Figure 4):

• The first input function (~39% of total dose) comprises a first-order absorption with a buffer compartment.
• The second input function (~61% of total dose) has saturable “binding” in the absorption compartment, and a time varying first-order absorption rate constant.

• Non-proportionality in other processes (Michaelis-Menten clearance, saturation in central compartment) was tested, but resulted in less adequate descriptions.
• A food effect on the PK of the study drug was found (Figure 5):

• The slope of the absorption rate constant of the second input function (slope ka2) was 1.7 times as high under non-fasted compared to fasted conditions.
• This resulted in 20% higher peak concentrations under non-fasting conditions (Figure 6).

• The visual predictive check showed adequate prediction of the concentration-time profiles for all doses and under fasted and non-fasted conditions by the model (Figure 7).

Conclusions
• Deconvolution of the initial raw data is a valuable tool in assessing the components of the absorption process, including detection of dose-dependent (sub)processes.

• The dose-dependency in the PK of the study drug (more than proportional increase in Cmax with increasing dose) is adequately described by the absorption model.
• Since the non-proportionality was described with saturation in the absorption processes, the population PK model predicts dose proportional AUCs, substantiating that the 

dose-dependency is not reflected in AUC, but rather in Cmax.

• The complex absorption and the food effect on the PK of the study drug was adequately described by the PK model.

Visual Predictive CheckAbsorption Profile Food Effect

Deconvolution
• The absorption process was explored using deconvolution

of the raw data.
• Rate of absorption was estimated for small time frames:

• 0-0.75; 0.75-1.25; 1.25-1.75; 1.75-2.5; 2.5-3.5; 3.5-
5.5; 5.5-7.5; 7.5-10.5; 10.5-14; 14-20; 20-28; >28 h.

• All disposition parameters were fixed to the values 
obtained from data analysis after administration of an 
immediate release formulation of the compound and 
bioavailability was set to 1.

Visual Predictive Check
• 1000 PK curves were simulated for each group (doses 50, 

100, 200, and 250 mg under fasted conditions, and dose 
250 mg under non-fasted conditions).

• 90% confidence interval and observed data were plotted.

Objectives
• Development of a population PK model that was able to 

adequately describe the complex absorption.
• Investigation of possible food effect.

PK model

Data available
• PK data from five richly sampled phase 1 studies.
• 140 subj’s were dosed (SD) with 50-250 mg of a 

prolonged release formulation.
• 26 subj’s took the study drug after a high-fat, high-

calorie breakfast.
• 84 subj’s took the study drug under fasting conditions.
• 30 subj’s took the study drug under fasting and non-

fasting conditions in a crossover design.
• Under fasted conditions all doses were tested; under non-

fasted conditions only a 250 mg dose was tested.
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Figure 4: Simulated PK for different dose levels under fasted conditions

Figure 3: Dose normalised absorption profile from deconvolution and predicted by the PK model
Grey lines: absorption profile from deconvolution; black dots: absorption profile predicted by PK model; arrows indicate 

absorption peaks

Figure 5: PK after administration of 250 mg study drug in fasted and non-fasted subjects
Blue circles: individual observed concentrations; red line: population prediction without taking into account food effect; green 

line: population prediction of final model (taking into account food effect)

Figure 6: Simulated PK after dosing of 250 mg study drug under fasted and non-fasted conditions
Blue symbols: PK under non-fasted conditions; red symbols: PK under fasted conditions

Table 1: Parameter estimates of PK model
SE: Standard error of parameter estimate; %SE: relative SE; %CV: coefficient of variation (interindividual variability)

Figure 7: Visual predictive check of PK model with all data
Black line: median of simulation; shaded area: 90% prediction interval; blue symbols: observed concentrations
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Route 1:
• First-order absorption
• Delay via buffer CMT

Abbreviations:
Fr1&Fr2: fraction of dose via input function 1 or 2; Fa: apparent bioavailability, set to 1;
Ka1: absorption rate constant for input function 1; Ka2: time dependent absorption rate 
constant for input function 2; TSLD: time since last dose; Vc: distribution volume of central 
compartment; CL: clearance; Bmax: max. capacity; KD: conc. at which 50% is “bound”.

overprediction

Route 2:
• Time varying first-order absorption rate 

constant
• Saturable “binding” in absorption 

compartment → free fraction (φ), 
available for absorption:

Centr. CMT

Abs. CMT 1

Transit CMT

Vc

CL

Ka2 = Slope*TSLD

Ka1

Ka1

Fr1

Abs. CMT 2
Fr2

Parameter Value SE %SE %CV 

CL/F (L/h) 259 6.23 2.41 - 

Vc/F (L) 1490 137 9.19 20.7 

Ka1 (h-1) 2.54 0.211 8.31 - 

slope Ka2 (h-2) 0.0889 0.0255 28.7 - 

Fa 
1 

(fixed) 
- - 26.5 

logit(Fr1) -0.719 0.0834 -11.6 - 

 Fr1 0.328 - - - 

 Fr2 0.672 - - - 

prop. diff. slope Ka2 
under fed conditions 0.695 0.203 29.2 - 

 slope Ka2 (h-2) 
 under fed conditions 

0.151 - - - 

Bmax (ng/mL) 41.5 4.80 11.6 - 

KD (ng/mL) 2.89 0.528 18.3 - 
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Figure 1: Examples of individual profiles Figure 2: Dose dependency

0 5 10 15 20 25 0 5 10 15 20 25
Time since last dose (h)

0

5

10

15

0

5

10

15

R
at

e 
of

 a
bs

or
pt

io
n 

/ D
os

e

DOSE: 50 DOSE: 100

DOSE: 200 DOSE: 250

0 10 20 30 40 50
Time since last dose (h)

1

10

100

1

10

100

C
on

ce
nt

ra
tio

n 
(n

g/
m

L)

non-fasted

fasted

0 6 12 18 24
Time (hr)

1

10

100

1

10

100

1

10

100

C
on

ce
nt

ra
tio

n 
(n

g/
m

L)

DOSE: 50 (fasted) DOSE: 100 (fasted)

DOSE: 200 (fasted) DOSE: 250 (fasted)

DOSE: 250 (non-fasted)

0 10 20 30 40 50 0 10 20 30 40 50

Time since last dose (h)

1

10

100

1

10

100

C
on

ce
nt

ra
tio

n 
(n

g/
m

L)

ID: 20034 ID: 20035

ID: 20042 ID: 20043
50 mg
100 mg
200 mg
250 mg



<<
  /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


