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Armonizzazione test PD-L1

• Caratteristiche biologiche dell’asse

PD-1/PD-L1

• PD-L1 come marcatore di risposta a farmaci 
inibitori di immune-checkpoints

• Anticorpi anti-PD-L1: comparazione

• Sistemi e piattaforme di rivelazione

• Interpretazione dei risultati e sistemi di scoring

• Aspetti pratici ed economici



Immune Checkpoint

Inhibitors

A new paradigm in

Cancer Immunotherapy 2013



Immune Checkpoints

• In the early 1990 the immunologist James P. Allison 
hypothesized that blocking negative immune regulators 
(checkpoints) would give the human immune system 
the power to fight cancer. 

• Prof. Allison won recently the 2015 Lasker–DeBakey
Clinical Medical Research Award.

• Shift in the paradigm from to activate the immune 
system (i.e., vaccinating) to releasing the checkpoints 
that keep it in a negative regulatory mode. 



Pardoll Nat Rev Cancer 2012



NEJM Nov 2016



CTLA-4/CD152  B7

Ipilimumab

Ribas NEJM 2015



PD1(CD279)/PD-L1 (CD274) axis

• PD-1 is expressed by T cells, including Tregs, but 
also by NK cells and some B cells. 

• It is involved in the later stages of the immune 
response, regulating the activation of T cells in 
peripheral tissues. 

• PD-1 has two ligands, PD-L1 (also known as B7-
H1 or CD274) and PD-L2 (B7-DC or CD273). 

• These ligands are expressed on a wide range of 
immune effector cells, antigen-presenting cells, 
and Tumor Cells. 



PD-1 AND IT’S LIGANDS: WHERE?

Annu. Rev. Immunol. 2008. 26:677–704

PD-1:

• T-cells (CD4+, CD8+) , NK-T-cells,  B-
cells

• Monocytes and dendritic cell subse

• Immature thymocytes CD4ˉ,CD8ˉ

PD-L1 (promotes self-tolerance in peripheral
tissues)

• Hematopoietic cells

• Non hematopoietic cells

• Sites of immune privilege

• Cancer cells

PD-L2 (it may functions in lymphoid organs)

• Dendritic cells and macrophages

• Cancer cells

Clin Dev Immunol. 2012



PD1(CD279)/PD-L1 (CD274) axis

• Programmed cell death 1 (PD-1) is a negative 
costimulatory receptor expressed primarily on the 
surface of activated T cells.

• The binding of PD-1 to one of its ligands, PD-L1 or 
PD-L2, can inhibit a cytotoxic T-cell response.

• Tumors can coopt this pathway to escape T-cell–
induced antitumor activity.

• PD-L1 expression may also be induced by 
interferon gamma, which is produced by T-
helper 1 cells as part of a host inflammatory 
response



Nat Immunol 2013 Dec;14(12):1212-8

PD1/PD-L1 INDUCES  T-CELL TOLERANCE

T-reg  Foxp3



 Accumulation of polyunsaturated

fatty acids (PUFA) and activation

of fatty acid oxidation

SUPPRESSOR OF T-CELL 
IMMUNITY

 Enhanced differentiation of T

regulatory cells (Treg) and

exhausted cells

PD-1/PD-L1 PATHWAY AND T-CELL METABOLISM

N Engl Med 2016 ; 375:1767-1778

• ALTERED METABOLIC PROGRAMS
• ALTERED DIFFERENTIATION PROFILES

• ALTERED FUNCTIONAL T-CELL PROPERTIES

 Interferes with T-cells metabolic reprogramming inducing a

metabolic shift in activated T-cells (GLYCOLYSIS → LIPOLYSIS)



“PD-L1 ligation of PD-1 following TCR stimulation results in two possible T-cell fates:
diminished T-effector responses and augmented iTreg development, thus tipping the 

balance towards immunologic tolerance»

MECHANISMS OF PD-1 MEDIATED T-CELLTOLERANCE

Immunol Rev. 2010 July ; 236: 219–242



PD1 and PD-L1

• PD-L1 expression is heterogeneous within tumors and 
may be seen more frequently in areas of tumor with 
higher levels of tumor-infiltrating lymphocytes

• PD-L1 high expression is a poor prognostic factor in 
NSCLC

• Pembrolizumab and Nivolumab are selective, 
humanized monoclonal IgG4 antibodies against PD-1

• They disrupt the engagement of PD-1 with its ligands
and impede inhibitory signals in T cells, with resultant 
tumor recognition by cytotoxic T cells.



MECHANISMS OF EXPRESSION OF IMMUNE-CHECKPOINT 
LIGANDS ON TUMOR CELLS

. Loss of PTEN in 
glioblastoma
. Constitutive
activation of ALK in 
lymphomas and 
lung carcinoma

Nat Rev Cancer 2012 Mar 22;12(4):252-64



•Translocations between PD-L1 and the IGH locus represent a genetic mechanism of PD-L1

overexpression in DLBCL. 

• PIM1 and TP63 were also identified as novel translocation partners for PD-L1/PD-L2. 

• Gain, Amplification and translocation: 19%

• Non-GCB subtype of DLBCL

2% of cases of SCLC

5% of cases of NSCLC



SCC  SP263



Cancer Cell 2016



PD-1 

Nivolumab (Bristol)

Pembrolizumab (Merck)

Ribas NEJM 2015

PD-L1

Atezolizumab (Roche)

Durvalumab( Astra Zeneca)











PD-L1 Expression in Non–Small-Cell Lung Cancers.

Garon EB et al. N Engl J Med 2015;372:2018-2028

22C3  Mab



PS Proportion Score



Lancet 2016



Lancet 2016





“Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEYNOTE-010): a 

randomised controlled trial”

Lancet. 2016 Apr 9;387(10027

KEYNOTE-010, Phase 2/3 Clinical Trials

STEPS FOR FDA PEMBROLIZUMAB APPROVAL

KEYNOTE-001, Phase 1b Clinical Trials

N Engl J Med 2015;372:2018-28

N Engl J Med. 2016 Oct 8

KEYNOTE-024, Phase 3 Clinical Trials







Science 2015

Higher mutation burden in tumors, higher neoantigen burden, and DNA repair pathway 

mutations was associated  with improved objective response, durable clinical benefit, and 

progression-free survival.



Determinants of response to

Immune-checkpoint inhibitors

MMR/MSI INF gamma



ASSESSING PD-L1 EXPRESSION

 Immunohistochemistry (IHC) is the most common

method used by investigators to evaluate PD-L1

expression
but

Different antibodies

Different staining platforms

Different scoring methods : Tumor cells vs Immune cells



Comparison of anti PD-L1 antibodies
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Comparison of PD-L1 Assays



JAMA Oncology Gaule et al.

• The antibodies are highly concordant

• These results suggest that assays based on the 
use of these antibodies could yield concordant 
results. 

• They further suggest that previously described 
differences in PD-L1 expression in tissue are 
independent of the antibody used and likely 
attributable to tumor heterogeneity, assay- or 
platform-specific variables, or other factors.



• 15 pulmonary carcinoma resection specimens 
(adca: n=11, scc: n=4) centrally stained with 
the assays 28-8, 22C3, SP142, and SP263 
according to clinical trial protocols, plus 
E1L3N and SP142 LVT

• The slides were evaluated independently by 
nine pathologists. 



• PD-L1-positive carcinoma cells and immune cells were scored 
according to a 6-step system that integrates  all the criteria employed 
by the four PD-L1 immunohistochemistry assays. 

• Proportion scoring of PD-L1-positive carcinoma cells showed 
moderate interobserver concordance coefficients for the 6-step 
scoring system (Light's kappa=0.47-0.50). 

• The integrated dichotomous proportion cut-offs (≥1, ≥5, ≥10, ≥50%) 
showed good concordance coefficients (κ=0.6-0.8). 

• Proportion scoring of PD-L1-positive immune cells yielded low 
interobserver concordance coefficients both for the 6-step-score 
(κ<0.2) and the dichotomous cut-offs (κ=0.12-0.25). 

• The assays 28-8 and 22C3 stained similar proportions of carcinoma 
cells in 12 of 15 cases.



• SP142 stained fewer carcinoma cells compared to 28-8, 22C3, and SP263 
in four cases

• SP263 stained more carcinoma cells in nine cases. 

• SP142 and SP263 stained immune cells more intensely. 

• The data indicate that carcinoma cells can be reproducibly scored in PD-L1 
immunohistochemistry for pulmonary adenocarcinoma and squamous-cell 
carcinoma. 

• No differences in interobserver concordance were noticed among the tested 
assays. 

• The scoring of immune cells yielded low concordance rates and might 
require specific standardization. 

• The four tested PD-L1 assays did not show comparable staining patterns in 
all cases. 

• Thus, studies that correlate staining patterns and response to 
immunotherapy are required to test the significance of the observed 
differences. 





• PD-L1 null clones of L2987 and ES-2 tumor cell lines, 

• E1L3N and 28-8  antibodies were specific for detection 
of PD-L1 on the plasma membrane, 

• E1L3N also stained cytoplasm in ES-2 knockout cells. 

• E1L3N was slightly more sensitive than 28-8 based on 
staining intensities. 

• 28-8 demonstrated significantly improved detection 
compared with E1L3N.



• Due to its staining intensity, scoring range, and 

pathologist preference, the SP263 IHC assay 

has been deemed superior to the E1L3N IHC 

assay



• E1L3N and SP142 IHC assays were optimized 
and validated successfully and independently for 
sensitive and accurate PD-L1 detection. 
Concordance was best for immune cell scoring, 
while E1L3N tended to detect more tumor cells



SP142

•35 resected non-small cell lung cancer cases, each 

represented on three separate blocks.

•Pathologist scores and immunofluorescence scores were 

concordant for tumor tissue, but not for stromal/immune 

cells. 

•PD-L1 expression was similar among all the three blocks 

from each tumor, indicating that staining of one block is 

enough to represent the entire tumor



Scoring systems

• The current complementary diagnostic for Opdivo® Nivolumab (Dako 28-
8 PharmDx®; SP263 assay) relies on a pathologist scoring 
– any patient with ≥1% positive tumor cells is a candidate for Opdivo® 

treatment. 

– Overall survival (OS) is further increased when patients have ≥5% or ≥10% 
PD-L1 positive tumor cells.

• Scoring approach  in the Keytruda® companion diagnostic (Dako 22C3 
PharmDx®), utilizes 
– 1%  or ≥50% positive tumor cells value to predict a  positive Overall 

Response Rate (ORR). 

• Scoring system for  Tecentriq ® Atezolizumab companion diagnostic 
(Ventana SP142)
– tumor cells and immune cells (quite complex)

• Scoring system for Durvalumab companion diagnostic (Ventana SP263)
– ≥25% positive tumor cells



Arch Path Lab Med Aug 2016

Any intensity





PD-L1

• Control tissues

–Placenta

–Lymphoid tissue/Tonsil



22C3 SP263



PD-L1  E1L3N PD-L1  SP142 
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Comparison of PD-L1 Assays



PD-L1 abs

• MIH1 mMab Ebiosciences

• PDL1-3-1 mMab Beckman

• R015 rMab SinoBiologicals

• 130021  mMab R&D

• 29E.2A3 mMab Biolegend

• 2B11D11 mMab Proteintech

• 10B1198 mMab US Biologicals

• ANC6H1 mMab Abnova



BLUEPRINT PROJECT

Blueprint Working Group



• BACKGROUND: 

• The "Blueprint PD-L1 IHC Assay Comparison 
Project" is an industrial-academic collaborative 
partnership to provide information on the 
analytical and clinical comparability of four PD-
L1 IHC assays used in clinical trials.

• METHODS: 

• 39 NSCLC tumors were stained with four PD-L1 
IHC assays (22C3, 28-8, SP 142 and SP 263) as 
used in the clinical trials.



• RESULTS: 

• Analytical comparison demonstrated the 
percentage of PD-L1-stained tumor cells was 
comparable with 22C3, 28-8 and SP263 
assays, while SP142 assay exhibited fewer 
stained tumor cells overall. The variability of 
immune cell staining across four assays 
appears to be higher than for tumor cell 
staining.



• CONCLUSION: 

• The "Blueprint PD-L1 IHC Assay Comparison Project" 
revealed that three of the four assays were closely 
aligned on tumor cell staining whilst a fourth showed 
consistently fewer tumor cells stained. All assays 
demonstrated immune cell staining, but with greater 
variability compared to tumor cell staining. By 
comparing assays and cut-offs, the study indicates that 
despite similar analytical performance of PD-L1 
expression for three assays, interchanging assays and 
cut-offs will lead to "misclassification" of PD-L1 status 
for some patients



The results of the phase I study, presented by Dr. Hirsch et al at the recent 2016

Annual Meeting of the AACR and to be published shortly, clearly demonstrated

similarities and differences between the four assays.

Until further research gathers additional data, it is recommended that each assay

should be utilized for its specific indication according to its distinct scoring

algorithm for PD-L1 clinical diagnostic status.



PD-L1 test, ora, in Italia

• 22C3 DAKO
– In Kit per piattaforma Autostainer Dako

– Anticorpo concentrato

• 28-8 DAKO
– In Kit per piattaforma Autostainer Dako

– Anticorpo concentrato(da altre ditte)

• SP263
– In kit per piattaforma Ventana

• SP142
– In kit per piattaforma Ventana

– Anticorpo concentrato (Spring)



PD-L1 test in Italia: problemi

• Costi dei kit (€5000-7000) per 50 test

• Non rimborsabilità SSN

• Disponibilità delle piattaforme di 
immunocolorazione

– Dako 10% dei laboratori di AP

– Ventana/Roche 60% dei laboratori di AP

• Al momento l’unico farmaco con CDX è il 
Keytruda

• L’anticorpo CDX del Keytruda è il 22C3



We performed a comprehensive calibration of 22C3  PD-L1 

staining on the BenchMark XT platform using Dako's prediluted 22C3 anti-PD-L1 

primary antibody with two of Ventana's detection systems (Ultraview and Optiview).

•This study demonstrate that the same PD-L1 IHC algorithm can be reliably applied 

to Ventana‘s BenchMark XT platform. 

• We were able to detect all of the strongly positive cases with high interobserver and 

intraobserver agreement by using the Ventana platform. 

These findings suggest that the Ventana platform can be used to stratify patients

for pembrolizumab-based immunotherapy.





Arch Path Lab Med Nov 2016



PD-L1 abs on Ventana platform

• SP263 kit Ventana CE marked

• SP142 kit Ventana FDA approved.

• 22C3 conc ab Dako

• 28-8 conc ab Abcam

• E1L3N conc ab CST

• Optiview with amplification step



22C3 SP263



22C3 SP263

E1L3N 28-8



PD-L1 SP 263 PD-L1 SP 142



22C3



22C3



22C3



22C3



Pitfalls of using PD-L1 immunohistochemistry as a 

biomarker test for anti-PD1–PDL1 therapy I

• Focal programmed cell death 1 ligand 1 (PD-L1) expression 
in some tumours may be missed in small biopsy specimens, 
such as needle biopsies   Heterogeneity

• PD-L1 expression among multiple tumour lesions from 
individual patients can vary over time and by anatomical 
site 

• PD-L1 expression in tumour biopsies collected months or 
years earlier might not accurately reflect PDL1 status at the 
time of treatment initiation;

• Therapies given after biopsy but before administration of 
programmed cell death protein 1 (PD1) pathway blockade 
(radiation therapy, chemotherapy or kinase inhibitors) may 
alter PD-L1 expression      Dynamic Marker



Pitfalls of using PDL1 immunohistochemistry as a 

biomarker test for anti-PD1–PDL1 therapy II

• PD-L1 epitopes detected by some antibodies are potentially 
unstable with prolonged specimen fixation or inadequate 
tissue handling before fixation 

• Antibodies used for PD-L1 detection have different 
affinities and specificities

• Scoring systems differ with different abs and different 
tumors

• PD-L1 protein expression can be membranous and/or 
cytoplasmic; however, only membranous PD-L1 is 
considered functionally relevant, by contacting PD1+ T 
cells

• PD-L1 can be expressed by multiple cell types within the 
tumour microenvironment, which poses challenges for 
scoring and interpretation



Immune Checkpoints Inhibitors

Adverse Effects

• General adverse events: asthenia, diarrhea, nausea, skin rush 
(15-30%)

• Autoimmune Toxicities: Immune-related Adverse Events
(10%)

- Exacerbation of pre-existing immune disorders

- Development of new immune related disorders

- Myasthenia

- Hypophisits

- Colitis

- Sarcoidosis

- Myocarditis

- Hyperprogressive Disease

- Steroid treatment



Ideal biomarker

• The biomarker would always be correct.

• It would be easy and practical to measure. 

• It would either be present or absent, 

• No gray zone or doubt. 

• Stable and functionally unique factor related to the 
system being studied. 

• 100 percent predictive

PD-L1 is an ideal biomarker?

NO! 

but is the best that we have now



PD-L1: a good biomarker?

• Is the drug targeted in this scenario a singular 

factor in our target system? No. 

• Is the biomarker present or absent? No.

• Is the biomarker stable and functionally 

unique? No. 

• Is the biomarker easily measured? Yes, in part.

• Is PD-L1 predictive? Yes, but not 100 percent 



PD-L1 IHC is a realistic marker

• No doubt that PD-L1 testing presents 

problematic issues. 

• We must be practical and realistic in our 

expectations of this particular biomarker.



PD-L1 testing is imperfect

• The biological, technical and  evaluating factors  are 
tricky issues

• The oncology world is intensifying pressure on 
pathologists to produce reliable results

but

We have to do a good service!



Grazie!


