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The example of 
breast cancer:

If the tumor is 
estrogen receptor 
positive  
tamoxifen therapy

- Jensen: Estrogen Receptor mediates estrogen action.
- Jordan: reinvented contraceptive ICI46,474 as the 1st

targeted therapy for breast cancer (tamoxifen).

Fig 1

VC Jordan EV Jensen

THERAPEUTIC BIOMARKERS

V. Craig Jordan: Tamoxifen: catalyst for the change 
to targeted therapy.    Eur J Cancer 2008;44:30-38



Other biomarkers predictive of
efficacy

SSTR2A SSTR3 2A + 3
Concordance 64% 50% 71%

(18/28) (14/28) (20/28)

“sensitivity” 70% 48% 80%
“specificity” 71% 57% 42%

SSTR2AHer 2
EGFR
VEGFR
SSTR
……



Immune checkpoint inhibitors
Rationale for 
combination

Triggering antitumor Immune 
Response

Decreasing Tumor-Induced 
Immunosuppression

Targeting Drug-Resistant 
Clones

Maximizing Immune 
Checkpoint Blockade

*What to investigate? PDL1 only? 
*Which method? IHC vs mRNA

*Best reagents?   linked to treatment
*How to interpret? tumor vs immune cells

FAQ



CD4/CD8
Progn : Up-regulation of proliferation and activation signals in CD4+ and CD8+ T 

cells were pharmacodynamic markers for ipilimumab + Better prognosis in 
high levels of CD8+ and CD4+ T cells of NSCLC

Pred: Clinical activity relates to increased numbers of CD8+ cells

CTLA-4

PD-L1

Pred: PD-L1+ regions of the tumour contain fewer T cells in NSCLC.  Nivolumab
mono-tx showed clinical activity with PD-L1+ and PD-L1− pre-treated NSCLC.
In CT-naïve NSCLC with nivolumab, PD-L1 status correlates with ORR/PFS
Combined nivolumab with ipilimumab in NSCLC identified no apparent 
correlation between ORR, PFS and OS, and PD-L1 status

PD-1, PD-L1 

Biomarker Immunological, clinical and pathological associations Receptor target

Absolute LC 
Count

Progn: At diagnosis as biomarker of immune status to the presence of malignancy
or for survival, independent of cancer type
Pred: Rate of rise in ALC correlated with clinical benefit with ipilimumab anti-CTLA4

N/A

CTLA-4

FOXp3

Pred: 
• Clinical activity relates to high protein expression
• Pre-treatment expression higher in patients who later derived clinical benefit 

from ipilimumab (anti-CTLA-4) in advanced melanoma
CTLA-4

IDO 
(indoleamine 2,3-
dioxygenase)

Pred: Clinical activity of ipilimumab (anti-CTLA-4) in advanced melanomarelates to 
high protein expression CTLA-4

ICOS (inducible 
costimulator)

Pred: Positive correlation between clinical activity and frequency of CD8+ ICOShigh

T cells. CD4+ ICOShigh T cells correlated with increased OS with ipilimumab (anti-
CTLA-4 in melanoma)

CTLA-4

Prognostic/predictive biomarkers 
under evaluation for immuno-tx



PD-1 expression in TIL:
– Associated with decreased cytokine production and effector 

function
– Activated by two known ligands: PD-L1 and PD-L2

PD-L1 (B7-H1)
– Higher expression and role in cancer better characterised
– Expressed by NSCLC, RCC, melanoma, gastric, breast ca etc
– Upregulation associated with poor prognosis 

PD-L2 (B7-DC)
– Less expressed than PD-L1, but 2-6x higher affinity to PD-1
– Explored in limited tumors: esophageal, ovary, HCC, pancreatic

PD-1/PD-L1 & 
PD-L2 in cancer

BMS



Since one of the tragic dilemmas of lung cancer is that patients 
typically progress after initial therapy, the number of lung cancer 
patients who will need or want PD-L1 IHC testing to determine if 
they are eligible for anti-PD-L1 therapy each year is a very large 
number. 

While the percentage of patients with advanced lung cancer who 
are strong expressors of PD-L1 is not particularly high, there are 
no clinical characteristics to allow clinicians to reliably predict the 
immune status of the tumor and thus it is conceivable that almost 
all patients progressing after initial chemotherapy will need IHC 
testing by surgical pathologists. 

PD-L1 expression?
PD-1 expression?
Cytokines?
Lymphocytes?

What is the best 
predictor?



PDL1 antibodies 122-129



PDL1 antibodies

by Ventana



Immune checkpoint molecules

-Several factors

-Dynamic modulation of PDL1 expression
-External interferences (mutated genes, 
specific therapies, host conditions, …)

PDL1 / PDL2 PD-1 
IFNγ CTLA4
IMMUNE CELLS (TIL; MO/)
MUTATIONAL BURDEN
CYTOKINE GENE SIGNATURE



PD-L1 expression is dynamic 
and may change after exposure 

to treatment

MPDL3280A
(PD-L1 
inhibitor)

Baseline

T cells and tumour 
cells expressing PD-

L1

CD8 T cells PD-L1 CD8 T cells PD-L1

On-treatment



PD-1 / PDL-1
What to investigate?

PDL1 rather than PD1

Which method?
IHC vs mRNA expression

Best reagents?
depending on treatment

How to interpret?
Generally expression in tumor cells
Role of expression by immune cells
Cutoffs and scoring systems

-membrane reactivity in neopl cells
-variable cutoffs (1-10-50%)

Preanalytical
issues (tissue 
fixation and 
processing) 



PDL-1 
protein vs 
gene

83% 
concordance
IHC - ISH

Mod Pathol 2016; 
2S2:483A

SP142



SP142 was developed 
for Roche/Genentech’s 
anti-PD-L1 
(MPDL3280A) 
immunotherapy 

PD-L1 (SP263) IHC 
assay to enroll 
patients in clinical 
trials for MEDI4736 
anti-PD-L1

PDL-1



PDL-1

Immune 
cells

MO



PROBLEMATIC ISSUES

PD-L1-negative PD-L1-positive (weak 1-49% tumor cells; strong ≥50% tumor cells) 

0% positive 2% positive 100% positive 100% positive

Staining with 22C3 mouse antibody (membrane):
intensity 1+ Intensity 2+ Intensity 3+0+

PDL-1

Low thresholds (eg 1% 
or 5% of TC)  risk of 
scoring inconsistencies 
(due to heterogeneity.



PDL-1

Ab28-8



PDL-1

Herbst RS, …, Garon EB. 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;387:1540-50. 

22C3 >50% of TC

Lancet 2016 Apr 9 

PFS 10.3 mos vs 6.0 
(platinum) [p<.001]

NEW

??



Clinical trials & PDL1 & outcome



Clinical trials & PDL1 & outcome



PDL-1 IHC lung
adenocarcinoma

-membrane reactivity in 
neoplastic cells
-variable cutoffs (1-10-50%)

Ab Ventana Roche SP142

Control 
placenta



Immune 
cells

NSCLC: focal

(28-8)

(SP142)

PDL-1 
IHC

NSCLC: diffuse

(SP142)

(SP142)

Lung
cancer



(22C3)PDL-1 IHC Lung cancer



NSCLC: focalPDL-1 
IHC

NSCLC: diffuse

Lung
SqC

Immune 
cells

(22C3)



(22C3)PDL-1 IHC Lung ADC

Immune cells



PDL-1 IHC Lung cancer  Interpretation
in core biopsy

(22C3)



PDL-1 IHC  
MELANOMA 
(LN mets)

28-8SP142 CAL10

28-8



PDL-1 IHC 

MELANOMA 
(LN mets)

CAL10 RedCAL10 Red + CD8 brown



PDL-1 IHC Merkel cell carcinoma

28-8SP142

22C3

M/64. Inguinal lymph node. No primary known



PDL1 in BIOPSY/CYTOLOGY?
Biomarker may not represent the true PD-L1 
status of the tumor  heterogeneous expression 
and/or sampling error and/or because the test 
sample pre-dates earlier lines of therapy

Some patients responding to therapy,fall in the 
PD-L1 negative cohort  how much is a 
predictive biomarker??

cytological samples or small biopsies



Are there better predictors of responsiveness?
-immune infiltrate (CD8+ cells; TILs; PD-L1+; MDSC)

-cytokine gene signature
-mutational burden



Scoring
system

- >1%
- >5%
- >10%

The efficacy of nivolumab, including a survival
benefit, was observed regardless of tumor PD-
L1 expression levels, with results showing that
PD-L1 expression was neither prognostic nor
predictive of efficacy in the population of 
patients with squamous cell NSCLC.

[probably not related to the performance of the 
PD-L1 assay, but rather a function of complex
interactions between tumors and immunity]

DAKO 28-8



Finta didascalia

Tumor PD-L1 expression alone does not accurately 
assess the dynamic immune microenvironment.
Additional diagnostic approaches, including 
assessment of the genomic landscape and the 
presence of preexisting CD8+ T cells and cytokines 
in tumor samples, could supplement PD-L1 
expression as a means of identifying patients who 
might have a response to pembrolizumab

DAKO 22C3



PD-L1 regulation

Review



• EGFR mutations induced PD-L1 (reduced 
by EGFR inhibitors)

• EGFR activated an immunosuppress. 
signature (PD-L1, PD-1 & CTLA4)

2013

Tang Y et al  2015

EGFR wt

EGFR mut
*PD-L1 expressed in 65.9% (112/170) NSCLC. 
*In ADC, trend p.06 of association PD-L1 with 
mutant EGFR (71.9%) vs 57.1% wt EGFR; 
*High PD-L1 expression was associated 
with significantly shorter OS in EGFR wt 
patients (p=0.029), but not in EGFR mutant, 
EGFR-TKI treated pts (p=0.932). Ab E1L3N



-Fresh cut sections (to minimize antigen retrieval) 
-Different antibodies, with uncertain concordance 
between assays
-No consistent scoring systems between trials
[tumor cell % (e.g., nivolumab: anti PD-1) vs 
immune cell % (e.g., MPDL3280a: anti PD-L1)]
-Date of tissue collection and tumor location 
[time, tumor location, interim therapy]
-Tumor heterogeneity & small biopsies / cytology
-3 to 20% PD-L1 –ve responsive patients across 
trials with PD-1/PD-L1 inhibitors vs. 

Issues to be solved

AIOM/SIAPEC project of interlaboratory
concordance on ADC samples, with 4 PDL1 abs, 
different IHC methods, strict interpretation criteria
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Thank you!!

Luisa Delsedime 
Francesca Maletta

Carla Pecchioni 
Federica Massa
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