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The three main challenges for the pathologist
in thoracic oncology



More analysis from one biopsy

https://fr.dreamstime.com/images-stock-le-num%C3%A9ro-1-sur-l-%C3%A9tage-blanc-et-noir-image6048044


NGS
NGS

One major challenge in thoracic oncology

DNA quantity

1

2

DNA quality

http://www.ewocnj.org/sermon/new-years-challenge-january-7-2018/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
http://elamcy.com/2017/11/07/kanoun-panigyria-me-ta-like-eno-synechizoun-ton-diadiktyako-polemo/
https://www.google.com/imgres?imgurl=https://www.saintluc.be/services/medicaux/pneumologie/img/cryobiopsies-transbronchiques.png&imgrefurl=https://www.saintluc.be/services/medicaux/pneumologie/cryobiopsie-transbronchique.php&docid=z66s-KU_AbTG3M&tbnid=MxfddcrTsT6UjM:&vet=1&w=309&h=412&bih=940&biw=1920&ved=2ahUKEwiEmN6izL3iAhVi8-AKHReUDh0QxiAoBnoECAEQFw&iact=c&ictx=1
http://www.ewocnj.org/sermon/new-years-challenge-january-7-2018/
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IHC PD-L1

The only validated test as a
predictive biomarker of I-O first line

– Patients with 0% of PD-L1 TC positivity can be good responders

– Patients with > 50% of PD-L1 TC positivity can be non responders

– Heterogeneity of PD-L1 staining limits its interpretation in small biopsies 

– Inter & intra operator variability in PD-L1 IHC assessment

– Many PD-L1 clones, different devices, different performances

– Many cut off (>1%, > 25%, > 50%) according to the anti-PD1/PD-L1 molecule

– Clinical value of positive immune cells for PD-L1 is debated in NSCLC

– N-linked glycosylation of PD-L1 hinders its recognition by PD-L1 antibodies

Main current issues

http://www.qmlabs.com/
https://pt.dreamstime.com/imagens-de-stock-o-n%C3%BAmero-2-no-assoalho-branco-e-preto-image6048074
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• Patients with tumors > 50% PD-L1: 30% patients

• Patients with poor PS not eligible for treatment: 34% patients

• Patients with either EGFR mut or ALK/ROS1 fusion: 18% patients

• Patients with preexisting autoimmune disease: 13% patients

Patients currently eligible for immunotherapy first line in clinical routine practice:

Around 10% of stage IIIB/IV NSCLC patients !

In the real world, how viable an option is first line immunotherapy in NSCLC

according to the PD-L1 IHC status ? 

David Johnson, Chicago Oral Communication ASCO 2019

IHC PD-L1



Many other antigens of strong interest

Cancer antigen presentation

TNF-α IL-10

IL-1 IL-4 

IFN-α IL-13

CD40L/CD40

CDN

ATP

HMGB1

TLR

Killing of cancer cells

IFN-γ

T-cell granule content

PD-L1/PD-1 LAG-3

PD-L1/B7.1 Arginase

IDO MICA/MICB

TGF-β B7-H4 

BTLA TIM-3

VISTA

Trafficking of T-cells to tumors

CX3CL1 CXCL10 

CXCL9 CCL5

Priming and activation

CD28/B7.1

CD137/CD137L

OX40/OX40L

CD27/CD70

HVEM

GITR

IL-2

IL-12

CTLA-4/B7.1

PD-L1/PD-1

PD-L1/B7.1

prostaglandins

Lymph 

node

Blood 

vessel

Tumor

Stimulatory 

factors

Inhibitors

3

4

Infiltration of T-cells into tumors

LFA1/ICAM1

Selectins

VEGF

Endothelin B receptor

5

Recognition of cancer cells 

by T-cells

T-cell receptor

Reduced pMHC on cancer 

cells

6

7Release of cancer cell 

antigens

Immunogenic cell death

Tolerogenic cell death

1

2

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer. 2012

https://fr.dreamstime.com/illustration-stock-le-num%C3%A9ro-arrondi-l-argent-brillant-d-isolement-sur-le-noir-image93372084


Tumor mutational burden &
genomic alterations PD1/PD-L1 

Adaptative immunity 
TCR repertoire

SNPs (germline DNA)

Microbiome 

Innate immunity 

Urgent need for using better predictive biomarkers in oncology …
…which could be use in small tissue specimens

https://www.outilsfroids.net/2016/12/veiller-en-mode-radar-ou-en-mode-cible/
https://fr.dreamstime.com/photos-stock-antig%C3%A8ne-d-anticorps-image9448113
https://fr.dreamstime.com/illustration-stock-coupe-d-adn-image63599294
http://svt.ac-dijon.fr/schemassvt/spip.php?article1088
http://www.virology.ws/2017/11/16/lymphocytes-after-dark/
https://www.google.com/imgres?imgurl=https://media1.britannica.com/eb-media/73/151873-004-E4641720.jpg&imgrefurl=https://de-ware-wereld.nl/2016/10/11/is-de-big-bang-evolutie-een-leugen-om-het-intelligent-ontwerp-te-verbergen/&docid=_gYelQszle1_TM&tbnid=dtBN_7ChcKD6LM:&vet=1&w=550&h=374&bih=940&biw=1920&ved=2ahUKEwio3O669vrhAhUeA2MBHThFD9MQxiAoBXoECAEQFw&iact=c&ictx=1
https://claritywatertech.com/legionella-bacteria/


Combination of
therapies Combination of

biomarkers

How to assess them?

And moreover………

https://www.facebook.com/ensemble.perspectives/
http://fashiondesigns.club/symbole-d-amitie/3157
https://www.notretemps.com/sante/actualites-sante/4-medicaments-en-rupture,i189982
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwii7JeEraDiAhXMxYUKHVjSD6AQjRx6BAgBEAU&url=https%3A%2F%2Fwww.the-scientist.com%2Flab-tools%2Fintegrating-multiple--omics-in-individual-cells-64829&psig=AOvVaw1lJ3njDoYE64rx8FB9-uHT&ust=1558106450980240


Multiplexed immunohistochemistry may be one solution

A sudden recent renewed interest  in pathology lab due to I-O development

Bioresource available

Number of biomarkers

http://www.perkinelmer.com/product/opal-4-color-manual-ihc-kit-50-slides-nel810001kt
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwirsI3hu6DiAhWKFxQKHd6wB4EQjRx6BAgBEAU&url=https%3A%2F%2Fdiagnostics.roche.com%2Fglobal%2Fen%2Fnews-listing%2F2017%2Froche-launches-discovery-teal-hrp-chromogen-detection-kit-to-adv.html&psig=AOvVaw1Qt6qiaMa3Sdw_VS1iXBEK&ust=1558110359720158


Multiplex Immunohistochemistry

(MpIHC-Multiplex Molecular Pathology)

1. Detect expression of 

different biomarkers at the 

same time

2. Enhanced interrogation

Immune cells signature

3. Spatial analysis

Cell-Cell interaction

4. Accurate scoring

Quantification
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Multiplexed immunohistochemistry

Many complex technologies !

http://www.perkinelmer.com/product/opal-4-color-manual-ihc-kit-50-slides-nel810001kt
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwirsI3hu6DiAhWKFxQKHd6wB4EQjRx6BAgBEAU&url=https%3A%2F%2Fdiagnostics.roche.com%2Fglobal%2Fen%2Fnews-listing%2F2017%2Froche-launches-discovery-teal-hrp-chromogen-detection-kit-to-adv.html&psig=AOvVaw1Qt6qiaMa3Sdw_VS1iXBEK&ust=1558110359720158


Multiplex IHC principle

PD-L1 SP263 

DAB

Current analysis in routine Quantitative and multi-cell analysis*

THE TISSUE IS THE ISSUE

• Still the gold standard

• Consumption of small biopsy clinical samples

• Difficult correlation of protein expression/topography from one slide to another 

• Reduced availability of samples for additional analyses (e.g. clinical trials, research)

* Need for digital analysis



Examples of technologies 



1) Antigen retrieval by serial stripping

MICSSS technology : Multiplexed immunohistochemical consecutive staining on single slide

In-depth tissue profiling using multiplexed immunohistochemical consecutive staining on single slide. 
Remark R, Merghoub T, Grabe N, Litjens G, Damotte D, Wolchok JD, Merad M, Gnjatic S. Sci Immunol. 2016. 

Time consuming

Repeatability?

Research use only !



2) Fluoresecence technologies (e.g. Vectra 3 approach)



3) Digital fluorescence analysis

Scanners (fluo / spectral)

▪ Multiples fluorochromes (even instable, ex. phycoerythrine)

▪ > 7 antibodies / slide

pan-Cytokeratin

▪ Spectral resolution 420nm - 900 nm

▪ Precise quantitative analysis/cell-by-cell

▪ Bioinformatics interpretation 

▪ Tissue/cell segmentation

▪ Phenotyping

▪ Co-localization

Vectra

Polaris

InForm software
Autofluorescence Reduction Technology” 

(ART™)

CD4 CD68 PD-1 PD-L1



4) Heat deactivation (HD)

DABPurpleTeal Yellow

HD HD HD

Ab 1 Ab 2 Ab 3 Ab 4

1. Zhang W, et al. Fully automated 5-plex fluorescent immunohistochemistry with tyramide signal amplification and same species antibodies. Lab Invest. 2017.
2. Ilie M, et al. Automated chromogenic multiplexed immunohistochemistry assay for diagnosis and predictive biomarker testing in non-small cell lung cancer. Lung Cancer. 2018.
3. Hofman P, Badoual C, Henderson F, Berland L, Hamila M, Long-Mira E, Lassalle S, Roussel H, Hofman V, Tartour E, Ilié M. Multiplexed Immunohistochemistry for Molecular and Immune Profiling in 

Lung Cancer-Just About Ready for Prime-Time? Cancers (Basel). 2019 Feb 27;11(3).

• HRP catalyzes tyramide into highly

reactive free radicals

• Tyramide conjugated to chromogen

remains stable

• HRP-activated tyramid molecules

covalently bind to the amino acids of 

antigens

• Resistant to thermochemical

denaturation

Automated

platforms

5 Plex 
(chromo)

9 Plex 
(fluo)



And even more…!
New technologies: many targets but high complexity



5) Co-detection by indexing (CODEX)

Goltsev Y, et al. Deep Profiling of Mouse Splenic Architecture with CODEX Multiplexed Imaging. Cell. 2018 Aug 9;174(4):968-981.e15.

CODEX iteratively visualizes antibody binding events using, 1) DNA barcodes, 2) fluorescent dNTP analogs, and, 

3) an in situ polymerization-based indexing procedure



6) 

Courtesy Dr J Adam



7) 

Courtesy Dr J Adam



8) 

Courtesy Dr J Adam



From complex protein analysis to complex RNA analysis



Tumor inflammation signature 
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Image analysis platforms

Vendor Program name Method Availability

FARSIGHT Nucleus Editor Multichannel-based object identification/toolkit Free

Queen’s 

University Belfast
QuPath Color-based, interactive segmentation Free

Tribvn Calopix Signal intensity, area, counting objects Licensed

Visiopharm Visimoph Tissuemorph Signal intensity, area, counting objects, statistical analysis Licensed

Spot Imagine Spot advanced Color-based colocalization Licensed

HistoRx AQUAnalysis Signal intensity per unit area and per layer Licensed

CompuCyte iCyte Nucleus segmentation or phantom contouring, measuring associated signals Licensed



Commercialized image analysis products (chromo/fluo) 

▪ HALO

Indica Labs

▪ Mirax HistoQuant

3DHistech

▪ BLISS workstation

Bacus Laboratories

▪ Vectra Polaris/inForm

PerkinElmer

▪ Aperio Color Deconvolution Algorithm/SlidePath

Leica Biosystems

▪ Automated Cellular Imaging System

ACIS III, Dako

▪ Tissue Studio® 4.0

Definiens

W h o l e s l i d e

5 colors

4 colors

3 colors

2 colors



Courtesy Dr J Adam



Beware of « picking up trash »…. or how to make the good choice? 
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Multiparameter integration

Immune contexture

1. Galon J, Bruni D. Approaches to treat immune hot, altered and cold tumours with combination immunotherapies. Nat Rev Drug Discov. 2019
2. Fridman, W. H. et al. The immune contexture in cancer prognosis and treatment. Nat. Rev. Clin. Oncol. 2017
3. Anichini A, et al. The non-small cell lung cancer immune landscape: emerging complexity, prognostic relevance and prospective significance in the context of immunotherapy. Cancer Immunol Immunother. 2018 



Courtesy Dr J Adam



Spatial analysis of immune cells

1. Corredor G, et al. Spatial Architecture and Arrangement of Tumor-Infiltrating Lymphocytes for Predicting Likelihood of Recurrence in Early-Stage Non-Small Cell 
Lung Cancer. Clin Cancer Res. 2019 Mar 1

2. Peled M, Onn A, Herbst RS. Tumor-Infiltrating Lymphocytes-Location for Prognostic Evaluation. Clin Cancer Res. 2018 
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Improving the response rate to ICIs

Most of the immunotherapy biomarkers explored to-date are proxy measures of tumor 

inflammation 





Courtesy Dr J Adam



Chromogenic mIHC for diagnosis and predictive biomarker 

testing in non-small cell lung cancer

Ilie M, Beaulande M, Hamila M, Erb G, Hofman V, Hofman P. Lung 
Cancer. 2018 Oct, 90-94. 

● FDA-cleared diagnosis & predictive biomarkers

● No antigenicity loss

● No steric interference

● No increased cross-reactivity

● Standard antigen retrieval

● Automated staining protocols

● Limits the need for validation strategies

● Method of choice in routine setting

● Therapeutic decision making in NSCLC

● Unique sample-sparing tool to characterize 

limited tissue samples



MIDI panel

mIHC for Diagnosis & 

Immunophenotyping

MIMP panel

mIHC for Molecular Profiling

AE1/AE3 (PCK26)

TTF1 (SP141)

p40 (BC28)

PD-L1 (SP263)

ALK (D5F3)

ROS1 (D4D6)

BRAFV600E (VE1)

Ilie M, Beaulande M, Hamila M, Erb G, Hofman V, Hofman P. Lung Cancer. 2018 Oct, 90-94

Chromogenic mIHC for diagnosis and predictive biomarker 

testing in non-small cell lung cancer



TTF1

HES

Adenocarcinoma

Squamous cell

carcinoma

p40 PD-L1

TTF1 p40 PD-L1

TTF1 p40 PD-L1 Keratin

TTF1

HES

p40 PD-L1

TTF1 p40 PD-L1

TTF1 p40 PD-L1 Keratin

MIDI Panel



ALK ROS1 BRAF

ALK BRAF

ALK positive

adenocarcinoma

ROS1 positive

adenocarcinoma

HES

HES

ROS1

ALK BRAFROS

ALK ROS1 BRAF

ALK BRAFROS1

ALK BRAFROS

MIMP Panel

MIMP Panel



BRAF V600E 

positive 

adenocarcinoma

HES

ALK ROS1 BRAF

ALK BRAFROS1

ALK BRAFROS

MIMP Panel



TTF1HES p40 PD-L1

TTF1 p40 PD-L1

TTF1 p40 PD-L1 Keratin

Lung adenocarcinoma

TTF1+ PD-L1+ ALK+ // p40 ─ ROS1─ BRAF V600E─

ALK BRAFROS

MIMP Panel

MIDI Panel



P D - L 1  D A B M u l t i p l e x  P D - L 1  T e a l

Interpretation of PD-L1 testing
Tumor cells only, exclude immune cells

PD-L1 tumor cells expression (%)

Manual analysis standard IHC
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Complexity of tumor & immune cells interaction



Multiplex IHC chromogenic vs. fluorescent

• Visualization

Chromogenic: optical microscope 

IF : > 4 colors = spectral microscope

• Slides storage

Chromogenic: > 10 years

Fluorescence: loss of intensity f(t) : quick analysis !

• Multiplexing capacity

High in fluorescence

Fluorochromes: extended color library

Interpretation of co-localization easier in fluorescence

Prevalent autofluorescence in purple, blue and green

• Costs

Fluorescence less expensive than chromogenic

Ki67-PhH3 Ki67-PhH3

AFAF



Which targets need to be assess?
Which methods?
How many fields to assess per tumor?
Primary and/or metastatic site (s)?
How to quantify the different signals?
How to assess the different IHC cut off?
Budget evaluation if transfer in routine practice?
Turnaround time to get the results in daily life ?
Data/images storage?

QC/QA (ISO15189) ?

How to integrate the genomic associated data ? 

A few open questions (among others):

http://www.perkinelmer.com/product/opal-4-color-manual-ihc-kit-50-slides-nel810001kt
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Growing interest in the 

tumor microenvironment 

analysis

Explosion of providers of 

instruments, reagents, 

software, and service 

solutions for multiplexed 

tissue analysis





Advantages

1. Parra ER, Francisco-Cruz A, Wistuba II. State-of-the-Art of Profiling 
Immune Contexture in the Era of Multiplexed Staining and Digital 
Analysis to Study Paraffin Tumor Tissues. Cancers (Basel). 2019 Feb 20

2. Blom S, et al. Systems pathology by multiplexed immunohistochemistry 
and whole slide digital image analysis. Sci Rep. 2017

Accuracy of histological analysis 

Automation

Preservation of tissue integrity 
unlike NGS, scRNAseq, spectrometry

Ready-to-use solution
Automate, Ab, chromogens, analysis product

Maximum of data / slide 
Small sized samples

Efficient use (biopsy/cyto)

Development 
chromo/fluorochromes

Specificity improvement
7 colors

(e.g. tyramide)



Current limitations – Digital analysis & multiplex IHC

Resolution

Scanners (acquisition, visualization, speed) 

Images (storage, sharing, visualization)

Quantification and interpretation

Inter-sample variability

Inter-lab variability

Management of data volume and variability

Inter-software reproducibility

Costs: software, staff

Regulation and reimbursement 

1. Schwen LO, et al.  Data-Driven Discovery of Immune Contexture Biomarkers. Front Oncol. 2018 Dec 18. 
2. Litjens G, et al. A survey on deep learning in medical image analysis. Med. Image Anal. 2017

« à priori » analysis
▪ Manual annotations 

Imperfect
Without « à priori »

▪ Check accuracy
▪ Robustness





How to integrate?









Conclusion

▪ Variability

▪ inter-samples

▪ inter-labs

▪ inter-softwares

▪ inter-data

▪ Velocity of data production

▪ Volume of data

▪ Validation mPlex clinical panels

The 4V

There are still many challenges
to be mastering

Multiplex Molecular Pathology in practice……

http://www.innovationmanageriale.com/concepts/le-leadership-de-lincertitude-oser-se-reinventer-grace-a-la-crise/


Working together……

….for getting the light



LPCE Team

@LPCE_Nice70
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Current limitations

1. Parra ER, Francisco-Cruz A, Wistuba II. State-of-the-Art of Profiling Immune Contexture in the Era of Multiplexed Staining and Digital Analysis to Study Paraffin Tumor Tissues. Cancers (Basel). 2019 Feb 20
2. Hofman P, Badoual C, Henderson F, Berland L, Hamila M, Long-Mira E, Lassalle S, Roussel H, Hofman V, Tartour E, Ilié M. Multiplexed Immunohistochemistry for Molecular and Immune Profiling in Lung 

Cancer-Just About Ready for Prime-Time? Cancers (Basel). 2019 Feb 27;11(3).

▪ Same limits as conventional IHC

▪ Pre-analytical (ischemia, fixation, dehydration, embedding)

▪ Limited number of chromogens (7) and limitation of combinations (signal saturation)

▪ Fluorescent mPlex:

▪ Fluorochromes - research advantage (rare events, co-expression)

▪ Complex setup

▪ No clinical routine use

▪ Low signal reproducibility (despite automation)

Purple

Silver

Blue

Yellow 

DAB

Red

Teal

▪ Increase in the number of Mplex combinations
▪ Ab, complex classifiers  risk of random results

▪ Intrinsic costs: equipment, reagents, personnel
▪ Biomarkers costs  : chromogens, automate, software


