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Role of the PD-1 Pathway in Cancer 
The Broader Picture



Role of the PD-1 Pathway in Cancer

• Programmed death 1 (PD-1) pathway is an immune 
checkpoint pathway that is expressed on the surface of 
activated T cells

• One of its ligands, PD-L1, is highly expressed on the surface 
of tumor cells

• Binding of PD-1 with PD-L1 inhibits T cell activation, allowing 
immunosuppression and neoplastic growth

Pardoll DM. 
The blockade of immune checkpoints in cancer immunotherapy. 
Nat Rev Cancer. 2012;12:252–264.



Anti PD-L1 treatment in Cancer 
The Broader Picture



Role of the PD-1 Pathway in Cancer – The Broader Picture
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Llosa NJ, et al. The vigorous immunemicroenvironment of MSI 
Colon cancer is balanced by multiple counter-inhibitory checkpoints. 
Cancer Discov 2015;5:43–51.
Le DT, et al. PD-1 blockade in tumors with mismatch-repair 
deficiency. N Engl J Med 2015;372:2509–20.

CRC with MSI had significant upregulation of immune 
checkpoint proteins, including PD-1 and PD-L1, 
enabling them to survive. 

Response to PD-1 blockade (perbrolizumab) in stage IV 
cancer patients
• 11 patients with MSI CRC
• 21 with MSS colorectal cancer
• 9 with MSI noncolorectal cancer (4 ampullary or 
cholangiocarcinomas, 2 endometrial carcinomas, 
2 small bowel carcinomas, and 1 gastric carcinoma).

MSI was a significant predictor of the immune-related 
objective response rate: 
• 40% in dMMR colorectal cancer
• 71% in dMMR non colorectal cancer
• 0% in MMR-proficient colorectal cancer



PD-L1 Analysis by IHC
The Wet Lab



Adapted from:
http://www.captodayonline.com/pd-l1-targeted-therapies-await-standardized-ihc/

Scheel et al., Mod Pathol 2016, 29 1165-72; 
Gaule et al., JAMA Oncol 2016, Epub10.1001/jamaoncol.2016.3015; 

Neuman et al., J Thorac Oncol 2016, Epub 1010.16/jtho.2016.08.146; 
Gatalica et al., ASCO 2016, abstract 11548; 
Ratcliffe et al., AACR 2016 abstract LB-094

Park Y et al Cancer Res Treat. 2020 Jul;52(3):661-670





PD-L1 Analysis by IHC
The Scoring



CPS, combined positive score; GEJ, gastroesophageal junction; HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1; TNBC, triple negative breast cancer; TPS, tumour 

proportion score.

1. PD-L1 IHC 22C3 pharmDx for cervical cancer. Interpretation manual. Agilent Technologies, Inc; 2019. 2. PD-L1 IHC 22C3 pharmDx for esophageal squamous cell carcinoma. Interpretation manual. Agilent Technologies, Inc; 2019. 3. PD-L1 

IHC 22C3 pharmDx for gastric or gastroesophageal junction adenocarcinoma. Interpretation manual. Agilent Technologies, Inc; 2019. 4. PD-L1 IHC 22C3 pharmDx for head and neck squamous cell carcinoma. Interpretation manual. Agilent 

Technologies, Inc; June 2019. 5. PD-L1 IHC 22C3 pharmDx for urothelial carcinoma. Interpretation manual. Agilent Technologies, Inc; 2021. 6. PD-L1 IHC 22C3 pharmDx for triple-negative breast cancer. Interpretation manual. Agilent 
Technologies, Inc; 2020. 7. PD-L1 IHC 22C3 pharmDx for NSCLC. Interpretation manual. Agilent Technologies, Inc; 2019.

CPS1-6

HNSCC, urothelial carcinoma, gastric or GEJ cancer, 

esophageal carcinoma, cervical cancer, TNBC

TPS7

NSCLC

Evaluate the number of PD-L1-staining cells 

(tumour cells, lymphocytes, macrophages) 

relative to all viable tumour cells

Evaluate the percentage of viable tumour cells 

showing partial or complete membrane staining 

at any intensity

Report CPS as a number.

Maximum score is CPS 100
Report TPS as a percentage

CPS =
# of PD-L1-positive cells

Total # of tumour cells

x 100 TPS =
# of PD-L1-positive tumour cells

Total # of PD-L1–positive +
PD-L1–negative tumour cells

x 100%



PD-L1 Analysis by 
Digital Quantitation – Why?
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Biomarker Discovery Biomarker Validation Assay Development Clinical Utility Testing
Approval Market

Biomarker Development (Companion Diagnostics)

Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine

Drug Development

Draft Guidance for Industry and Food and Drug Administration Staff:  In Vitro Companion Diagnostic Devices.
July 14, 2011

FDA will review targeted drugs for approval only in the context of their corresponding IVDs (biomarkers).

AI-TOOLS AN BONA FIDE COMPANION DIAGNOSTICS

Hamilton PW, et al, (Salto-Tellez M). Methods. 2014 Nov;70(1):59-73. 



Target Discovery Lead Optimization
Preclinical/animal

Studies

Clinical Development

I                II               III

Approval Market

Biomarker Discovery Biomarker Validation Assay Development Clinical Utility Testing
Approval Market

Biomarker Development (Companion Diagnostics)

Biobanking

Biobanks supply high quality 

tissue samples and images  for 

target and biomarker 

identification

Remote Biomarker Analysis 

and Tissue Microarrays

Digital TMA management,  review and 

biomarker scoring for discovery and 

validation

Image Analysis

Quantitative automated 

assessment of tissue 

biomarkers (IHC, ISH)
Companion Algorithms

Quantitative assays to support patient 

stratification and therapeutic selection

Clinical Trials Enrichment

Remote review of tissue biomarkers for trial 

and therapeutic arm selection

Peer Review

Remote review of slides to 

ensure integrity of pathological 

interpretation and interobserver

variation

Digital Pathology in Drug Development, Biomarker discovery and Stratified Medicine

Drug Development

Hamilton PW, et al, (Salto-Tellez M). Methods. 2014 Nov;70(1):59-73. 



PD-L1 Analysis by 
Digital Quantitation – Why?

PD-L1 scoring is 
intrinsically 

difficult

Humphries MP, et al. J Thorac Oncol. 2019 Jan;14(1):45-53.



Examples of PD-L1 positive tumor cells

PD-L1 expression can be very heterogeneous



Results

The majority of tumours demonstrated intra-tumoural heterogeneity (small-scale 78%, medium-scale 

50%,large-scale 46%). 

Inter-tumoural heterogeneity between the primary and nodal metastases was present in 53% of cases and, 

in 17%, between N1 and N2 disease. 

These differences were occasionally sufficient to lead to discrepancy across the ≥1%, ≥25% and ≥50% 

cut-offs used to guide therapy.



1+: Weak Staining 20x 1+: Weak Staining 40x

Pulmonary Histiocytes & Macrophages

10 x 10 x

Variable expression in necrotic areas

Assessment of PD-L1 by IHC – Potential Pitfalls

Adapted from: Humphries MP, et al. J Thorac Oncol. 2019 Jan;14(1):45-53.



PDL-1 IHC: Histogenesis-related positivity

Adapted from: Humphries MP, et al. J Thorac Oncol. 2019 Jan;14(1):45-53.



Assessment of PD-L1 by IHC – More Potential Pitfalls

Sometimes evaluation of a “positive tumour antibody”
provides the only reliable means to calculate the 

“denominator”

“Hugging effect”: Only when it is unequivocally clear 
that malignant epithelial cells are expressing PDL-1

should it be scored as such

On cytology specimens (primarily, but not exclusively)
evaluation of a full IHC panel may be relevant to 

confirm the origin of the PDL-1 expression

Cytoplasmic expression – sometimes due to 
suboptima fixation: 
- If all cytoplasmic: negative
- If a mixture of membranous and 
cytoplasmic:
the whole group is considered positive



0 1+ 2+ 3+

DO NOT TREAT TREAT?
(ISH)

Her2 IHC

0% 50% 100%

1%

PDL-1 IHC

53%
(ground truth)

97%
✔47% 

✗

9 – The sharp thresholds add
difficulty to this test 

Assessment of PD-L1 by IHC – Test Design



All cases were shared with 37 general pathologists using e-
learning platforms.

71.9% 22C3 pharmDx kit on Dako Autostainer

28.1% SP263 Ventana kit on BenchMark platform. 

A complete PD-L1 scoring agreement was reached in 

57.1% of cases, whereas a minor disagreement in 16.1% 

of cases was recorded. 

The worst performance was achieved in the negative 

cases, with 32.0% disagreement. 

Different clones used: 22.3% (22C3) and 38.1% (SP263)

disagreement



Results: Seven sessions were held and 69 

participant pathologists completed the training. 

Inter-reader concordance indicated high OPA (85–

95%) for PD-L1 TC scoring at clinically relevant 

cut-offs, with Fleiss’ Kappa > 0.5.





PD-L1 Analysis by 
Digital Quantitation





• 163 patients in Study 1108/NCT01693562, a Phase 1/2 

trial to evaluate durvalumab across multiple tumor 

types, including NSCLC, 

• A separate cohort of 199 non-ICT- patients. 

• Developer XD™ 2.7 software.







The proposed AI-assisted method can help pathologists at all levels to improve the PD-L1 assay 
(SP-142) IC assessment in breast cancer in terms of both accuracy and concordance. 







PD-L1 Analysis by 
Digital Quantitation…

…beyond IHC?







0% 50% 100%

1%

27% discrepancies 

Most of these discrepancies were 
around the <1% - 3% threshold, 
Some around the 45%-55%
threshold. 

Humphries MP, et al. J Thorac Oncol. 2019 Jan;14(1):45-53.







PD-L1 Analysis by 
Digital Quantitation…
… why is it not SoC?



AI, artificial intelligence; ML, machine learning.

1. Pucchio A et al. Nat Biotechnol. 2021;39:388–389. 

2. Serag A et al. Front Med (Lausanne). 2019;6:185.

• Understanding the limitations of AI and ML is essential for physicians as they 
begin to integrate them in clinical practice, as well as to assist with continued 
development of these tools1

Key challenges of diagnostic AI in pathology1,2

Access to large well-annotated data sets

Context switching between workflows

Algorithms are slow to run

Algorithms require configuration

Properly defined protocols for training evaluation

Algorithms are not properly validated

Lack of health economics

No clear evidence of added value in everyday clinical decision-making

Possibility of false negative results or missed diagnosis



BIOMARKER
STRATIFICATION

STRATIFICATION THROUGH
RANDOMIZATION

PFS
OS



• The development, validation, and adoption of ML/AI algorithms represents the most important 
challenge of tissue pathology facing our generation

Conclusion



Tom Simms 
Memorial Fund




