
Discovery of INCB098377: A Potent Inhibitor of Phosphoinositide 
3-Kinase Gamma (PI3Kγ)

Immune checkpoint blockade has shown impressive efficacy in patients with inflamed
tumors, although minimal activity has been observed in tumors lacking T cells. Myeloid
cells are one of the most abundant cell types in both inflamed and noninflamed tumors,
and may contribute to immune checkpoint blockade resistance. The plasticity of
macrophages enables them to directly and indirectly modulate T cell responses and
directly kill tumor cells via phagocytosis. This suggests that targeting myeloid cells could
be an effective therapeutic approach. Class I phosphatidylinositol-3 kinases (PI3Ks) are a
family of dual specificity lipid and protein kinases. Unlike other class I PI3Ks, PI3Kγ is
predominantly expressed in myeloid cells. PI3Kγ has been shown to be a key mediator
that drives the immunosuppressive macrophage program by stimulating AKT/mTOR
signaling and promote C/EBPβ expression while inhibiting NF-κB activity (Kaneda MM.
Nature. 2016;17:437-442). Here, we present the discovery and characterization of
INCB098377, a potent and selective PI3Kγ inhibitor. Specific inhibition of PI3Kγ with
INCB098377 may induce antitumor activity by reshaping the tumor immune
microenvironment.
In cell-based assays, INCB098377 has a IC50 of 1.4 nM and is greater than 100-fold
selective over other PI3K isoforms. It also shows a favorable PK profile in several animal
species. Treatment of M2 polarized macrophages with INCB098377 resulted in changes
towards a more pro-inflammatory phenotype. CD163 and CD206 were decreased,
whereas HLA-DR and co-stimulatory CD80/86 molecules were increased. MHC-I
expression was unchanged, suggesting a role for these macrophages in MHC-II–
mediated antigen presentation. Furthermore, INCB098377 treatment reduced
macrophage-mediated immunosuppression and restored T cell proliferation in M2
polarized macrophages cocultured with allogeneic human T cells.
In vivo, significant tumor growth inhibition was observed with once-daily dosing of
10 mg/kg INCB098377 in both syngeneic and humanized mouse tumor models without
toxicity. Moreover, efficacy was observed in inflamed and noninflamed tumor models.
Consistent with the proposed mechanism of action, INCB098377 inhibited phosphoAKT
(pAKT) levels in vivo and in human peripheral blood mononuclear cells. Treatment with
INCB098377 induced pro-inflammatory responses without macrophage depletion, which
suggests that robust tumor microenvironment (TME) changes are responsible for
observed antitumor efficacy. In addition, INCB098377 inhibited neutrophil migration in the
Carrageenan-induced paw inflammation model.
INCB098377, a potent and selective inhibitor of PI3Kγ, shows effective antitumor activity
in a variety of mouse and humanized cancer models through the inhibition of
immunosuppressive cells trafficking into the tumor, modulation of myeloid cell function,
and enhancement of T cell proliferation.

● 589 compounds selected based on potency
● 199 compounds selected based on 

favorable in vitro ADME
● 134 compounds selected based on rat PK
● 41 compounds selected based on cyno PK
● 10 lead candidates were characterized in 

vivo determining their PK/PD, efficacy, and 
toxicity

A. Human blood CD14+ monocytes were differentiated for 6 days with M2 polarization kit (R&D Systems, Inc., Minneapolis, MN) 
followed by 10 ng/mL IL-10 for 24 hours into immunosuppressive M2 macrophages in the presence of increasing concentrations 
of INCB098377 for 7 days. Macrophage markers were assessed by flow cytometry

B. Quantification of macrophage polarization shows a decrease in CD163 and CD206 and an increase in MHC-II and the 
costimulatory molecule CD86 expression, suggesting macrophage change from M2 towards pro-inflammatory antigen 
presenting cell phenotype. *P<0.05

A. INCB098377 dose-response study in noninflamed LLC mouse model shows significant tumor growth inhibition (TGI) at 30, 10, 
and 3 mg/kg doses (42% TGI at 30 mg/kg)

B. INCB098377 treatment in inflamed mouse model MC38 shows efficacy at both 30 and 10 mg/kg (71% TGI) 
C. INCB098377 significantly inhibits growth of noninflamed KU19-19 bladder tumors either alone (62% TGI) or in combination with 

anti–PD-L1 (52% TGI)
Significant TGI was observed in additional mouse models (A20, B16F10, CT26, EMT6, RM-1, Pan02) treated with INCB098377 
alone or in combination

A. Representative flow cytometry 
histograms of T cell suppression assay. 
Human CD4+ T cells were labeled with 
CFSE and cocultured for 5 days with M2 
polarized macrophages pretreated with 
INCB098377

B. Assay quantification shows INCB098377 
dose-dependent increase in proliferation 
of CD4+ T cells (3 normal donors) as 
determined by CFSE dilution. *P<0.05

A&B. Whole blood (WB) and mouse spleen cells were pretreated with 2 µM INCB098377 for 30 minutes, then stimulated with 2.5 µg/mL 
SDF-1 for 3 minutes. Percentages of pAKT were measured in cell subsets by flow cytometry. INCB098377 inhibited AKT 
phosphorylation in all subsets tested

C. In vitro bone marrow–derived mouse macrophages were treated with INCB098377. Percentage of arginase-positive cells was 
measured by flow cytometry. INCB098377 inhibited arginase expression in a dose-dependent manner, with 32% inhibition at 100 nM, 
suggesting functional effect of the drug on macrophage immunosuppressive activity

● INCB098377 is a potent and specific PI3Kγ inhibitor with favorable PK properties in multiple species
● INCB098377 induces significant tumor growth inhibition in inflamed and noninflamed syngeneic as well as humanized mouse 

models
● In vitro and in vivo treatment with INCB098377 results in a dose-dependent PI3Kγ pathway inhibition measured by pAKT, 

arginase expression, and neutrophil migration
● INCB098377 remodels TME via direct and indirect effects on myeloid cells and T cells, respectively, suggesting the ability to

synergize with immuno-oncology therapies
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A. Mice were dosed with INCB098377. Whole blood was collected 1 hour later and stimulated with 2.5 µg/mL SDF-1 for 3 minutes. 
Percentage of pAKT was measured in monocytes by flow cytometry

B. PK/PD relationship of INCB098377
C. Inhibition of neutrophil migration by INCB098377 in the Carrageenan-induced paw edema model

Parameter INCB098377

Potency
Enzyme PI3Kγ IC50, nM 3.7
Cell PI3Kα IC50, nM 126
Cell PI3Kβ IC50, nM 1430
Cell PI3Kδ IC50, nM 100 (71X)
Cell PI3Kγ IC50, nM 1.4
Monocyte WB PI3Kγ IC50, nM 43
Neutrophil WB PI3Kγ IC50, nM 90

In Vitro ADME
Caco, Pm × 10-6 cm/s 6.7
Int Cl, L/h/kg 0.5
Human PB, % Free 10

Preclinical PK/PD
Rat % HBF 48
Rat AUC0-24 at 3 mg/kg, µM•h 4.32
Cyno % HBF 7
Cyno AUC0-24 at 1.5 mg/kg, µM•h 16.4
Dog % HBF 4
Dog AUC0-24 at 1.5 mg/kg, µM•h 27.6

ADME, absorption, distribution, metabolism, and excretion; AUC0-24, area 
under the concentration-time curve from 0-24 hours post dose; 
HBF, hepatic blood flow; IC50, half maximal inhibitory concentration; Int Cl, 
intrinsic clearance; PB, peripheral blood; PD, pharmacodynamics; PI3K, 
phosphatidylinositol-3 kinase; PK, pharmacokinetics; WB, whole blood.
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**P<0.01; ***P<0.001; ****P<0.0001.
PD-L1, programmed death ligand 1; Q5D, every 5 days; QD, every day; SEM, standard error of the mean.

*P<0.05; **P<0.01; ***P<0.001.
SD, standard deviation; SDF-1, stromal cell–derived factor-1; SEM, standard error of the mean.

CFSE, carboxyfluorescein succinimidyl ester; SEM, standard error of the mean; T:Macs, T cell to macrophages ratio.

A B


	Discovery of INCB098377: A Potent Inhibitor of Phosphoinositide �3-Kinase Gamma (PI3Kγ)


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /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 <<
    /ENU ([Based on 'EPG PRESS RGB'] [Based on 'EPG PRESS RGB'] [Based on '[Press Quality]'] 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 true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


