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PD-L1(+)/CD45(+) Cells Associated with Bladder Cancer

FISH probes:  CEP3: aqua; CEP7: orange; CEP10: green; 5p15: red

PD-1 immune checkpointtherapieshavedemonstrateddurableresponsesin a subsetof metastaticcancer
patients including those with melanoma,non-small cell lung cancer(NSCLC),and bladder cancer. Recent
clinicalstudieshaveobservedimproved progressionfree survival(PFS)after treatment with PD-1 directed
therapy in patients with higher expressionof PD-L1 protein in tumor tissue sections. Additionally, the
magnitudeof PD-L1 expressionon tumor infiltrating T-cells is being investigatedas a potential biomarker.
Currently, fresh solid tumor biopsy is required for these assays,which can be difficult to access,lead to
patient morbidity,andmissrelevantsubpopulationsreflectiveof tumor heterogeneity.

We havedevelopedan assayto quantify PD-L1 expressionon circulatingtumor cells(CTCs)andwhite blood
cells(WBCs)detectedusingthe EpicCTCPlatform. Here,we presentdataon the incidence,morphology,and
PD-L1 expressionof CTCsand WBCsdetected from the venous circulation of 17 muscle invasive and
metastaticbladdercancerpatientsprior to initiation of PD-1 immunecheckpointtherapy.

Recentstudiesindicatethat the presenceof PD-L1(+) WBCs
in solid tumors is a potential PD-1 immune checkpoint
therapyresponsebiomarker,both asa univariatebiomarker
or aspart of a multivariatepanel.

Bladder cancer patients frequently have elevated PD-
L1(+)/CD45(+) WBC counts compared to healthy donors
(HD). Left: representativeimagesof PD-L1(+)WBCs.
Below: Graphdepicting total CTCs,PD-L1(+) CTCs,and PD-
L1(+)/CD45(+)WBCsper mLpatient bloodor HDcontrol.

A combination of PD-L1(+)/CD45(+) cell count, PD-L1
expression on CTCs, and other CTC morphological
parameters could be pursued as a possible response
signatureto PD-1 immunecheckpointtherapies.

ÅTheEpicCTCPlatformcandetectPD-L1(+)CTCsin bladdercancerpatients

ÅBladdercancerCTCsexpressingPD-L1 are frequently CK(-) and show geneticabnormalities
consistentwith malignantoriginandPD-L1 localizationconsistentwith establishedliterature

ÅBladdercancerpatientsfrequentlyhavehigherPD-L1(+)/CD45(+)WBCcounts

ÅCorrelationwith treatment responseis necessaryto determine if the presenceof PD-L1(+)
CTCsor high PD-L1(+) WBC counts may be used for patient selection and as early
pharmacodynamicbiomarkersof responseto PD-1/PD-L1 directedtherapy

33 CK(-)/PD-L1(+) CTCsdetected in metastaticbladder cancerpatient #11
were assessedby FISHfor genetic alterations commonlyassociatedwith
bladder cancer. The presenceof these geneticabnormalitiesin CTCsis a
confirmationof their malignantorigin.

Incidenceof PD-L1 positivity in patient samples. Patientswere categorizedasPD-L1 positive if җ1 PD-L1(+) non-apoptotic CTCs
were detected(left). 2 slidesper patient (with the exceptionof patient #11) correspondingto ~1 mLof bloodwere analyzed. 7/17
(41%) patients had exclusivelyPD-L1(-) CTCs,while 5/17 (29%) had PD-L1(+) CTCs. Of the 5 patients with PD-L1(+) CTCs,3 had
exclusivelyCK(-)/PD-L1(+) CTCs,suggestingepithelial plasticity. CTCPD-L1 expressionshowsdistinct membranouslocalization,
consistentwith establishedPD-L1 biology. Representativeimages(right) showPD-L1(-) andPD-L1(+) traditional (CK+)CTCsaswell
asCK(-)/PD-L1(+)CTCs. BracketednumbersdenoterelativePD-L1 signalintensityasfold overbackground.

Schematic of Epic CTC Platform CTC 
enumeration, morphology, protein, & 
FISH analyses workflow:
1) Nucleated cells from blood sample 

placed onto slides and stored in a  
-80ǓC biorepository

2) Slides stained with cytokeratin 
(CK), CD45, DAPI and a biomarker 
of interest (PD-L1)

3) Slides scanned
4) CTC candidates are detected by a 

multi-parametric digital pathology 
algorithm

5) Human reader confirmation of 
CTCs & quantitation of biomarker 
expression

6) For fluorescence in situ 
hybridization (FISH), coordinates 
are recorded and coverslip is 
removed

7) FISH assay is performed
8) Regional WBCs are scored as 

controls
9) CTCs relocated and scored

5) CTC CLASSIFICATION6) CTC COORDINATES RECORDED & 
COVERSLIP REMOVED

7) FISH PERFORMED 8) WBCs SCORED 9) CTCs SCORED
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Blood was drawn from 17 muscle invasive and metastatic bladder cancer patients, just prior to PD-1 immune 
checkpoint therapy, and sent to Epic Sciences for processing with the Epic CTC PD-L1 assay. 
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Dot plot of patient CTCPD-L1 (left) and CK(right) expressionasassessedby protein IF for every CTCdetected (1 slide stained
for patient #11, 2 slides stained for all others). Eachdot indicatesone CTCdetected; the color indicatesCTCsub-population
membership. Thresholdsfor PD-L1 and CKassaypositivity were determinedusingrespectivepositive and negativecontrol cell
lines. NoCTCsweredetectedin eachof 5 healthydonorsamplestested(not shown).

Patient demographicsand summary of total non-apoptotic CTCsand CTCsubpopulationsdetected per mL of blood in 17
bladdercancerpatients. MIBC: muscleinvasivebladdercancer.
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Assessmentof PD-L1 assaysensitivity and specificity. Left: A monoclonalantibodyagainstPD-L1 wastested usinghigh (H820),
medium (H441), low (SU-DHL1) and negative (Colo205, H23) PD-L1-expressingcell lines to determine assaysensitivity and
specificity. At the optimal antibodyconcentration,meanH820PD-L1 expressionwasdeterminedto be 142-fold higherthan mean
backgroundstainingin negativecontrols. Right: Representativeimages.

# CTCs %

CTCs w/ noabnormalities 4 12%

CTCs w/at least 1 abnormality 29 88%

CTCs w/all abnormalities 17 52%

Total CK(-)/PD-L1(+) CTCs scored 33 100%
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Patient ID Age/Gender Disease state
Previous

chemotherapy

Cytokeratin(+) Cytokeratin(-)

All CTC/mL PD-L1(+)/mL PD-L1(-)/mL PD-L1(+)/mL PD-L1(-)/mL

2 88/M MIBC No 1 0 0 0 1
3 59/M MIBC No 0 0 0 0 0
4 77/F MIBC Yes 5 0 0 0 5
15 77/M MIBC Yes 0 0 0 0 0
18 46/M MIBC Yes 0 0 0 0 0
1 78/M metastatic No 6 0 3 0 3
5 67/F metastatic Yes 41 1 39 0 1
6 61/M metastatic Yes 11 0 9 0 2
7 84/F metastatic No 1 0 0 0 1
10 75/M metastatic Yes 6 0 2 1 3
11 81/M metastatic No 2173 30 130 930 1083
12 79/M metastatic Yes 13 0 8 1 4
13 43/M metastatic Yes 0 0 0 0 0
14 66/F metastatic Yes 3 0 0 0 3
16 65/F metastatic Yes 16 0 9 0 7
17 54/M metastatic No 0 0 0 0 0
19 55/F metastatic No 2 0 1 1 0
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