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In this issue of Neuro-Oncology, Berghoff et al present the re-
sults of their investigations into the expression of programmed
death-ligand 1 (PD-L1) in human glioblastoma specimens and
their relationship to other tissue-based and clinical parameters.
In specimens from adults with newly diagnosed or recurrent
glioblastoma, the investigators reported that diffuse/fibrillary
PD-L1 expression of variable extent was found in more than
70% of glioblastoma specimens, with a higher proportion
in newly diagnosed cases. Furthermore, more than 70% of
cases showed evidence of high tumor-infiltrating lymphocyte
(TIL) infiltration, although most were of sparse-to-moderate
density. In glioblastoma samples from the Cancer Genome
Atlas, the relationships between PD-L1 expression, molecular
subtypes, and clinical outcomes were explored. Samples with
known molecular subtypes were then classified according to
their level of PD-L1 expression (high or low), and a significant
difference in the distribution of PD-L1 high and low groups
was found across molecular subtypes, with the mesenchymal
subtype in particular having a high level of PD-L1 expression
and the proneural and G-CIMP subtypes primarily having low
expression of PD-L1. The anti-PD-L1 antibody, 5H1, used in
this study is not commercially available, although its use has
been confirmed in other experiments, whereas some commer-
cially available antibodies have failed to show reliable PD-L1 la-
beling.’ The authors conclude that PD-L1 expression and TILs
were found in most of the glioblastoma samples they evaluat-
ed, but a relationship between these parameters and outcome
was not observed. Still, the high expression of PD-L1 in these
glioblastoma samples suggests that it may be a valid target
for further clinical investigation.

The complexity of the immune response has provided numer-
ous potential therapeutic targets, in particular the ligand-recep-
tor interactions or checkpoint pathways that provide signals to
regulate T-cell activation or inhibition because these are thought
to be exploited by tumor cells to evade immune detection.”>
Three agents have demonstrated safety and efficacy and are
now approved: ipilimumab (cytotoxic T-lymphocyte-associated

antigen 4 [CTLA-4] inhibitor),* pembrolizumab (PD-1 inhibitor)®
in metastatic melanoma, and nivolumab (PD-1 inhibitor) in met-
astatic melanoma and non-smiaill cell lung cancer (NSCLC).® Im-
mune checkpoint inhibitors have also shown antitumor activity
in certain poor-prognosis, advanced cancers. Given that over-
coming the PD-1 pathway-mediated inhibition of the antitumor
immune response has shown antitumor effect and that many
tumor types exhibit enhanced expression of the PD-1/PD-L1/
PD-L2 pathway,” the PD-1 receptor ligands PD-L1 and PD-L2
have also been identified as possible targets to stimulate the im-
mune response. Both PD-1 and PD-L1 inhibitors are being exten-
sively studied in a range of solid tumor types and hematological
malignancies (Table 1).

To develop effective immunotherapies, the importance of
PD-L1 expression in cancer pathogenesis needs to be better un-
derstood, and the report here by Berghoff et al provides valu-
able new information in this area for glioblastoma. Earlier
evidence suggested that PD-L1 expression may contribute to
immunoresistance of human glioblastoma cells via activation
of the PI3K/mTOR pathway and that loss of PTEN function ap-
peared to change the level of PD-L1 expression.® Glioblastomas
may also upregulate PD-L1 expression in circulating monocytes
and tumor-infiltrating macrophages, thereby causing immuno-
suppression.? More research is needed to understand the signif-
icance of PD-L1 expression in glioblastoma.

Evidence from other tumor types such as melanoma, renal
cell cancer, and NSCLC has demonstrated that PD-L1 expres-
sion is present in some patients with response to inhibitors of
the PD-1/PD-L1 axis, although patients with PD-L1 negative tu-
mors also had significant responses to treatment.’®*! In a re-
cent report of the PD-L1 inhibitor MPDL3280A in a variety of
solid tumors, responses were observed in patients whose
tumor cells had high PD-L1 expression, and this relationship
with clinical response was more robust for PD-L1 expression
by TILs.!? The frequency of PD-L1 expression in glioblastoma,
as demonstrated in the current study by Berghoff et al, is con-
siderably higher than that observed in melanoma and NSCLC
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Table 1. Programmed death-ligand 1 and programmed cell death
protein 1 inhibitors in development

Investigational ~ Target Tumor Type(s) Highest Phase

Agent

BMS936559 PD-L1 Advanced solid tumors, 1 (multiple)
including melanoma

MEDI4736 PD-L1  NSCLC, SCCHN, GBM, 3 (NSCLQ)
and other advanced
solid tumors

MPDL3280A PD-L1  Bladder cancer, NSCLC, 3 (NSCLC)
renal cell carcinoma,
and other advanced
solid tumors

MSB0010718C PD-L1 Advanced solid tumors 2 (Merkel cell)

AMP224 PD-1 Advanced solid tumors, 1 (advanced
CRC solid tumors,

CRQ)
AMP514/ PD-1  Advanced 2 (aggressive
MEDIO680 malignancies, B-cell

aggressive B-cell lymphomas)
lymphomas

Pidilizumab PD-1  Multiple myeloma, 2 (lymphoma)
GBM, lymphoma

Pembrolizumab  PD-1 NSCLC, GBM, SCCHN, Marketed
pancreatic cancer, (metastatic
renal cell cancer, melanoma)
other advanced solid
tumors, lymphoma

Nivolumab PD-1  CRC, GBM, HCC, NSCLC,  Marketed
SCCHN, SCLC, breast (metastatic
cancer, bladder melanoma,
cancer, gastric NSCLC)

cancer, melanoma,
multiple myeloma,
ovarian cancer,
pancreatic cancer,
renal cancer,
lymphoma (HL, NHL)

Abbreviations: CRC, colorectal cancer; GBM, glioblastoma; HCC,
hepatocellular cancer; HL, Hodgkin lymphoma; NHL, non-Hodgkin
lymphoma; NSCLC, non-small-cell lung cancer; PD-1, programmed cell
death protein 1; PD-L1, programmed death-ligand 1;SCCHN, squamous
cell cancer of the head and neck; SCLC, small-cell lung cancer.

(~30%),"** suggesting it may have a strategic role in immune
suppression in various glioblastoma molecular subtypes, al-
though, the potential therapeutic value of PD-L1 inhibitors in
glioblastoma has yet to be confirmed in clinical trials.

One consideration in the development of antibody inhibitors
of immune checkpoints in glioblastoma is the blood-brain bar-
rier. The conventional belief that immune responses were lim-
ited in the brain because of the presence of this barrier has now
been replaced by an understanding that there is 2-way com-
munication between the immune system in the central nervous
system and the systemic circulation. In actuality the blood-
brain barrier has selective permeability and participates in

regulating the movement of cells and molecules of the brain
microenvironment.'* Glioblastoma cells are known to release
factors that disrupt the endothelial tight junctions of the blood-
brain barrier, and activation of the peripheral immune system
can lead to leakiness of the blood-brain barrier, permitting
the movement of activated macrophages and lymphocytes
across the blood-brain barrier,* and tumor cells have been
located circulating in the peripheral blood of patients with glio-
blastoma.'® Because the PD-L1 ligand is located on the tumor
cell, a PD-L1 inhibitor would have to penetrate both the blood-
brain barrier and the blood-tumor barrier to be effective, and
there is some evidence of tumor uptake of monoclonal anti-
bodies in patients with glioblastoma.'” It remains to be seen
if these early findings will be validated by clinical studies to
show whether PD-L1 antibody can penetrate to glioblastoma
cells in therapeutic concentrations.

In conclusion, the higher expression of PD-L1 in glioblasto-
ma than in other cancer cells suggests that PD-L1 may have
a key function in the immunomodulatory attributes of glioblas-
toma. Researchers have yet to show a definitive link between
high expression and survival, and currently there is a paucity
of information to permit therapeutic decision-making based
on the presence or absence of PD-L1 expression. The true
predictive and prognostic role of PD-L1 continues to be under
intensive investigation, and the findings of Berghoff et al pro-
vide further insight into molecular differences between varying
glioblastoma subtypes and support the need for clinical trials of
PD-L1 inhibitors in glioblastoma.

Acknowledgment

Bristol-Myers Squibb provided support for an independent third party
(Michelle Daniels, in Science Communications, Philadelphia) to provide
technical and editorial support but had no role in directing or approving
the content of this Editorial.

References

1. Velcheti V, Schalper KA, Carvajal DE, et al. Programmed death
ligand-1 expression in non-small cell lung cancer. Lab Invest.
2014;94(1):107-116.

2. Pardoll DM. The blockade of immune checkpoints in cancer
immunotherapy. Nat Rev Cancer. 2012;12(4):252-264.

3. Chen DS, Mellman I. Oncology meets immunology: the cancer-
immunity cycle. Immunity. 2013;39(1):1-10.
Yervoy [package insert]. Princeton, NJ, Bristol-Myers Squibb, 2013.
5. Keytruda [package insert]. Whitehouse Station, NJ: Merck & Co.,
2015.
Opdivo [package insert]. Princeton, NJ: Bristol-Myers Squibb, 2014.

7. Chen DS, Irving BA, Hodi FS. Molecular pathways: next-generation
immunotherapy--inhibiting programmed death-ligand 1 and
programmed death-1. Clin Cancer Res. 2012;18(24):6580-6587.

8. Parsa AT, Waldron JS, Panner A, et al. Loss of tumor suppressor
PTEN function increases B7-H1 expression and immunoresistance
in glioma. Nat Med. 2007;13(1):84-88.

9.  Bloch O, Crane CA, Kaur R, et al. Gliomas promote immunosuppression
through induction of B7-H1 expression in tumor-associated
macrophages. Clin Cancer Res. 2013;19(12):3165-3175.

1044



Editorial

10.

11.

12.

13.

Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and
immune correlates of anti-PD-1 antibody in cancer. N Engl J
Med. 2012;366(26):2443 -2454.

Taube JM, Klein A, Brahmer JR, et al. Association of PD-1,
PD-1 ligands, and other features of the tumor immune
microenvironment with response to anti-PD-1 therapy. Clin
Cancer Res. 2014;20(19):5064-5074.

Herbst RS, Soria JC, Kowanetz M, et al. Predictive correlates of
response to the anti-PD-L1 antibody MPDL3280A in cancer
patients. Nature. 2014;515(7528):563-567.

Weber JS, Kudchadkar RR, Yu B, et al. Safety, efficacy, and
biomarkers of nivolumab with vaccine in ipilimumab-refractory
or -naive melanoma. J Clin Oncol. 2013;31(34):4311-4318.

14.

15.

16.

17.

Cserr HF, Knopf PM. Cervical lymphatics, the blood-brain barrier
and the immunoreactivity of the brain: a new view. Immunol
Today. 1992;13(12):507-512.

Carson MJ, Doose JM, Melchior B, et al. CNS immune privilege:
hiding in plain sight. Immunol Rev. 2006;213:48-65.

Mdller C, Holtschmidt J, Auer M, et al. Hematogenous
dissemination of glioblastoma multiforme. Sci Transl Med. 2014;
6(247):p247ral01.

Zalutsky MR, Moseley RP, Coakham HB, et al. Pharmacokinetics
and tumor localization of 131I-labeled anti-tenascin
monoclonal antibody 81C6 in patients with gliomas and
other intracranial malignancies. Cancer Res. 1989;49(10):
2807-2813.

Neuro-Oncology

1045




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


