
Conclusions
• The developed PK-PD model adequately described the relationship 

between plasma zilurgisertib and blood hepcidin concentration 
levels, in both healthy individuals and patients with MF 

• The addition of the circadian rhythm component helped capture the 
natural fluctuations of hepcidin blood levels 

• The PK-PD model was used to inform decision-making during 
dose-escalation studies of zilurgisertib in patients with MF

Introduction

Methods 

• Zilurgisertib is a novel and selective activin receptor-like kinase 2 (ALK2) 
inhibitor under clinical development for the treatment of anaemia due to 
myelofibrosis (MF) 

• The study objective was to develop a pharmacokinetic-pharmacodynamic 
(PK-PD) model to describe plasma zilurgisertib and blood hepcidin 
concentration levels to assess zilurgisertib target engagement

Data
• Population PK-PD model development used PK and PD data from 3 clinical 

trials: 2 phase 1 studies (00928-101, 00928-102; healthy individuals), and 
1 phase 1/2 study (00928-104; patients with MF) 

• Data related to zilurgisertib at doses ranging from 10 mg to 600 mg 
administered once daily were studied

Model Development
• A population PK-PD model was developed sequentially to describe the 

zilurgisertib plasma concentration: blood hepcidin concentration relationship
•  Non-linear mixed effect modelling was used, implemented in Pumas 

software (version 2.4.1; Pumas-AI, Inc., DE, USA)
• Model selection was based on the objective function value (OFV), precision 

and plausibility of parameter estimates and goodness-of-fit diagnostic plots

Parameter Estimates
RSE 

%
IIV (CV%)/

Shrinkage, %

Clearance, L/hr 10.63 5.7 31/3

Volume of distribution central compartment, L 204.8 6.6 39/5

Absorption rate constant, 1/hr 1.678 3.7 33/15

Intercompartmental clearance 1, L/hr 16.77 9.1

Volume of distribution peripheral compartment 1, L 104.2 7.5 19/45

Intercompartmental clearance 2, L/hr 1.196 13.5

Volume of distribution peripheral compartment 2, L 56.68 8.3

Constant governing the exponential increase in 
relative bioavailability per mg of dose 0.0056 25.3

Relative bioavailability for dose 0.523 7.0

Baseline hepcidin concentration in healthy 
individuals, ng/L 10,389 6.4 77/10

Baseline hepcidin concentration in patients 
with MF, ng/L 39,749 36.3 38/71

Amplitude 0.275 10.4 42/29

Acrophase, hr 7.327 8.5 62/14

Ferritin effect on Ebase 0.385 35.2

Equilibrium rate constant for effect compartment, 1/hr 0.010 23.6

Slope, healthy individuals 0.019 57.9 85/28

Slope, patients with MF 0.018 90.1 85/28

Power, healthy individuals 0.629 13.5

Power, patients with MF 0.412 34.6

Residual Variability (CV%)/Shrinkage, %

σ_prop_zilurgisertib 16.7/8 

σ_prop_hepcidin 44/6

• The final combined analysis dataset included 3033 PK samples from 
177 study participants and 3501 hepcidin measurements from 196 study 
participants, including  placebo cohorts

• A schematic representation of the final PK-PD model is shown in Figure 1
• Dose-dependent bioavailability was included in the model to capture the lack 

of dose proportionality following oral administration of increasing doses of 
zilurgisertib (Equation 1)

• PD response, represented by hepcidin blood concentration levels over time, 
was described using an empirical model that incorporated hepcidin’s 
circadian rhythm using a cosine function (Equation 2) 

• Zilurgisertib concentrations were linked to hepcidin concentrations by means 
of a power function, with an effect compartment (EC) added to capture the 
delay observed between zilurgisertib administration and subsequent 
decrease in hepcidin concentrations (Equation 3)

Results 

𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹 + 1 − 𝐹𝐹𝐹𝐹𝐹 · (1 −  𝑒𝑒−𝑘𝑘·𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑)

𝐻𝐻𝑒𝑒𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐸𝐸𝑏𝑏𝑏𝑏𝑑𝑑𝑑𝑑 � exp 𝐴𝐴𝐴𝐴𝐻𝐻𝐴𝐴𝐻𝐻𝐴𝐴𝐴𝐴𝐻𝐻𝑒𝑒 � cos 2𝜋𝜋
𝐴𝐴𝐻𝐻𝐴𝐴𝑒𝑒 − 𝑎𝑎𝐻𝐻𝐹𝐹𝑎𝑎𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑒𝑒
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�  𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = exp( −𝑎𝑎𝐴𝐴𝑎𝑎𝐻𝐻𝑒𝑒 � 𝐸𝐸𝐸𝐸𝑝𝑝𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑) 

Table 1. Parameter Estimates of the Final PK-PD Model

(Equation 1)

(Equation 3)

(Equation 2)

σ_prop, proportional residual error; CV, coefficient of variation; Ebase, baseline hepcidin concentration; 
IIV, interindividual variability; MF, myelofibrosis; PK-PD, pharmacokinetic-pharmacodynamic; 
RSE, relative standard errors.

Figure 2. Goodness-of-Fit Plots of the Final PK-PD Model

Figure 1. Schematic Representation of the Final PK-PD Model

Disclosures
Guermi, Guglieri-Lopez: Employment – Pumas-AI. Wang, Lamothe, McBride, 
Sheng, Chen, Yang: Employment and stock ownership – Incyte Corporation.

Acknowledgments
The study was sponsored by Incyte Corporation (Wilmington, DE, USA). 
Editorial and graphics support was provided by Envision Pharma Group 
(Fairfield, CT, USA) and funded by Incyte Corporation.

CL, clearance; EC, effect compartment; Fr, relative bioavailability; Ka, absorption rate constant; Ke, equilibrium rate 
constant for effect compartment; Q1, intercompartmental clearance 1; Q2, intercompartmental clearance 2.

Ebase, baseline hepcidin concentration; EC, effect compartment; Fr, relative bioavailability, FR0, relative 
bioavailability for dose 0; k, constant governing the exponential increase in relative bioavailability per mg of dose.

To download a copy of 
this poster, scan code.

EC

Depot

Fr Ka

Ka
Q1 Q2

CL
Ke*Central

Hepcidin

-Ke*EC

Peripheral 2Peripheral 1

Transit

Central

Development of a Pharmacokinetic-Pharmacodynamic Model 
to Describe Blood Hepcidin Levels in Patients With Myelofibrosis 
and Assess Target Engagement of Zilurgisertib, an ALK2 Inhibitor
Ikhlas Guermi,1 Beatriz Guglieri-Lopez,1 Phil Wang,2 Betty Lamothe,2 
Amanda McBride,2 Jennifer Sheng,2 Xuejun Chen,2 Yan-ou Yang2

1Pumas-AI, Dover, DE, USA; 2Incyte Research Institute, Wilmington, DE, USA

Presented at the
Population Approach Group Europe

Rome, Italy • 26-28 June 2024

II-019

W
ei

gh
te

d 
Re

si
du

al
s,

 IW
RE

S

W
ei

gh
te

d 
Re

si
du

al
s

W
ei

gh
te

d 
Re

si
du

al
s,

 IW
RE

S

W
ei

gh
te

d 
Re

si
du

al
s

Individual Predicted Plasma Hepcidin, ng/LPopulation Predicted Plasma Hepcidin, ng/L
Population Predicted 

Plasma Concentrations, nmol/L
Individual Predicted 

Plasma Concentrations, nmol/L

Predicted Plasma 
Concentrations, nmol/L Individual Predicted Plasma Hepcidin, ng/LTime After Dose, hrTime After Dose, hr

O
bs

er
ve

d 
Pl

as
m

a 
H

ep
ci

di
n,

 n
g/

L

O
bs

er
ve

d 
Pl

as
m

a 
H

ep
ci

di
n,

 n
g/

L

O
bs

er
ve

d 
Pl

as
m

a 
C

on
ce

nt
ra

tio
ns

, n
m

ol
/L

O
bs

er
ve

d 
Pl

as
m

a 
C

on
ce

nt
ra

tio
ns

, n
m

ol
/L


	Slide Number 1


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /sRGB

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 600

  /ColorSettingsFile ()

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'EPG UPLOAD'] [Based on 'EPG UPLOAD'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops'] [Based on 'HighResolution_NoCrops\\0501\\051'] [Based on 'HighResolution_WithCrops'] [Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 600

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 600

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /HighResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MarksOffset 0

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly true

  /PDFXNoTrimBoxError false

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox false

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


