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The three main challenges for the pathologist
in thoracic oncology



More analysis from one biopsy

HE first

Diagnostic stain TTF1
Diagnostic stain mucin
Diagnostic stain p63/p40

Predictive stain ALK |HC
Predictive stain ROS1 IHC

Predictive stain PD-L1 IHC, etc

DNA isolation EGFR
DNAisolation EVU07-21115

HE last

NPRTTIVN

NGS ‘’
* miseq 40-250 ng

* lon torrent 10 ng
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DNA quantity

O

DNA quality

One major challenge in thoracic oncology
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IHC PD-L1

The only validated test as a

predictive biomarker of I-O first line Main current issues

~ 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
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IHC PD-L1

In the real world, how viable an option is first line immunotherapy in NSCLC
according to the PD-L1 IHC status ?

Patients with tumors > 50% PD-L1: 30% patients

Patients with poor PS not eligible for treatment: 34% patients
Patients with either EGFR mut or ALKIROS1 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 llIB/IV NSCLC patients !

David Johnson, Chicago Oral Communication ASCO 2019



Many other antigens of strong interest

Priming and activation Trafficking of T-cells to tumors
CD28/B7.1 CX3CL1 CXCL10
CD137/CD137L CXCL9 CCL5
0OX40/0X40L
CD27/CD70
HVEM <3> Infiltration of T-cells into tumors
GITR LFA1/ICAM1
IL-2 Selectins
Lo VEGF
CTLA-4/B7.1 .
PD-L1/PD-1 Endothelin B receptor
PD-L1/B7.1
rostaglandins
> 2 Recognition of cancer cells

Cancer antigen presentation by T-cells

TNF-a IL-10 <6> T-cell receptor

IL-1 IL-4 Reduced pMHC on cancer
IFN-a IL-13 cells

CD40L/CD40

Con ) _

ATP Killing of cancer cells

HMGB1 IFN-y

TLR T-cell granule content

PD-L1/PD-1 LAG-3

Release of cancer cell 1 <7> PD-L1/B7.1 Arginase
IDO MICA/MICB

M Stimulator antigens
| / Immunogenic cell death TGF-B B7-H4
factors TCF G

e Tolerogenic cell death
Inhibitors VISTA

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer. 2012
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Urgent need for using better predictive biomarkers in oncology ...
...which could be use in small tissue specimens

Tumor mutational burden &
PD1/PD-L1 genomic alterations

Microbiome
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Adaptative immunity
TCR repertoire
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And moreover.........

Combination of il
therapies Combination of
. biomarkers
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How to assess them?
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Multiplexed immunohistochemistry may be one solution

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

Number of biomarkers

Bioresource available
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1. Detect expression of
different biomarkers at the
same time

2. Enhanced interrogation
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3. Spatial analysis
Cell-Cell interaction
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Multiplexed immunohistochemistry
Many complex technologies !
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Multiplex IHC principle

Current analysis in routine Quantitative and multi-cell analysis*
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THE TISSUE IS THE ISSUE %
« Still the gold standard Need fO
» 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)

r digital analysis




Examples of technologies



1) Antigen retrieval by serial stripping

MICSSS technology : Multiplexed immunohistochemical consecutive staining on single slide

Yo/ <> % Deparaffinization § Rehydration
FFPE tissue

v
Slide ‘ Chromogenic - Antigen
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Image proces§ing Blocking
and analysis \ 4 r o
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Staining 1 S removing times -
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| | 4 Chemical giremoving
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Storage
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e A Research use only !
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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.



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

Opal'™ (Perkin Elmer)**
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3) Digital fluorescence analysis

Scanners (fluo / spectral)

= Multiples fluorochromes (even instable, ex. phycoerythrine)

= > 7 antibodies / slide

InForm software

Autofluorescence Reduction Technology”
(ART™)

Spectral resolution 420nm - 900 nm
Precise quantitative analysis/cell-by-cell
Bioinformatics interpretation

Tissue/cell segmentation

Phenotyping

Co-localization

. pan-Cytokeratin

® co4

@ cpe8

@ ro-1

PD-L1



4) Heat deactivation (HD)

* HRP catalyzes tyramide into highly HRP HRP AP

reactive free radicals

Emm \\ 7A\ // \\ N

»  HRP-activated tyramid molecules Ab 1 Ab 2 ‘ Ab 3 5 Plex
covalently bind to the amino acids of

antigens \ (Chromo) # *
» Resistant to thermochemical v 2%
I
denaturation .. DAB ellow

HRP

Automated
platforms

9 Plex
(fluo)

«®

1. Zhang W, et al. Fully automated 5-plex fluorescent immunohistochemistry with tyramide signal amplification and same species antibodies. Lab Invest. 2017.

llie 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).
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And even more...!
New technologies: many targets but high complexity



5) Co-detection by indexing (CODEX)

CODEX iteratively visualizes antibody binding events using, 1) DNA barcodes, 2) fluorescent dNTP analogs, and,
3) an in situ polymerization-based indexing procedure

Staini Cycle 1 Cycle2 Cycle 3
aining
Reveal Ab 1,2 Reveal Ab 3,4 Reveal Ab 5,6
| -ACG -ACGGU ™ @ -ACGGU S—ACGGU
— ab1$_TGCCA-5 abL§ooCca abt $Zrccca Ab1 )-TGCCA
'-‘ | Ab2 -ACG Ab2 -ACGGC Ab2 -ACGGC Ab2 -ACGGC
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CODEX fluidics diagram

6-plex syringe pump
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bottom view
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CODEX flow cell: sl{%iew
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Goltsev Y, et al. Deep Profiling of Mouse Splenic Architecture with CODEX Multiplexed Imaging. Cell. 2018 Aug 9;174(4):968-981.e15.



(A) Mass Cytometry

6) Mass cytometry-based techniques ‘"

(B) Multiplexed ion beam imaging N —‘L
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(C) Matrix-assisted laser desorptionfionization
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Courtesy Dr J Adam

E. Parra, 2018



) InSituPlex Technology (Ultivue)

DNA barcode conjugated to
primary antibodies
Complementary fluorophore-
labeled probes attach to A K A A 2
fluorophores

Specific, sensitive and

reversible

Courtesy Dr J Adam
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From complex protein analysis to complex RNA analysis



Tumor inflammation signature

PanCancer IO 360™ Gene Expression Panel and Analysis

360 = Holistic view Tumor-Microenvironment-ilmmune Response
« 770 human genes total (customizable)
* Including 20 reference genes

- Designed for use with FFPE tumor tissue

S\GNATURES

wsnoavia®
auoLamnt

16 Pathways and Processes

34 Signatures Measuring Immune and Tumor Activity
14 Cell Type Abundance Scores

18-Gene Tumor Inflammation Signature (TIS):

Measures peripherally suppressed adaptive immune response

2 FOR RESEARCH USE ONLY . Not for use in diagnostic procedures.

nanoStrin
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PanCancer |0 360 Biological Signatures
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: MHC Class Il Antigen Exhausted TH1 Cell
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Chromogenic versus fluorescent multiplexed staining
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Fluorescent
multiplex IHC

Brighfield imaging, easy to
manage in pathology labs
Pathological assessment
Cheaper

Limited to one marker by cell
compartment

Multiple markers in a cell compartment
More quantitative assessment of protein

expression
Availability and complexity of fluorescence

iImaging
Complex validation process
Expensive
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Tissue sections

H&E, IHC, ISH
Multiplex technologies

Spatial resolution
Tumor heterogeneity
Cell phenotyping

i Availability

: Harmonization
Storage

i Workflow, cost

Image analysis

Machine learning/deep learning
Supervised/unsupervised
Hand-crafted features/deep neural networks

Data analysis




Image analysis platforms

Vendor Program name Method Availability
FARSIGHT Nucleus Editor Multichannel-based object identification/toolkit Free

Qu.e e S QuPath Color-based, interactive segmentation Free
University Belfast

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 (chromol/fluo)

Whole slide

5 colors = HALO
Indica Labs
4colors  w Mirax HistoQuant
3DHistech
= BLISS workstation _ S
3 colors Bacus Laboratories ‘ | - |
= Vectra Polaris/inForm |
PerkinElmer | |
= Aperio Color Deconvolution Algorithm/SlidePath 2SR
Leica Biosystems
= Automated Cellular Imaging System
2 colors ACIS Ill, Dako
= Tissue Studio® 4.0

Definiens SRS »' .




Fluorescent multiplex immunohistochemistry

Multispectral Tissue Cell
imaging segmentation segmentation Phenotyping  Spatial features

L e

Courtesy Dr J Adam



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




UNIVERSITE ::ac
COTE D’AZUR "::-

Road map

Multiplex IHC in translational research: Many promises in I-O

*OncoAge


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

Multiparameter integration

"Acti TGFBi* Anti-PD-1* Y
Activators d >
£ of N“I/( cells® Anti-ECM Anti-PD-L1* >
Immune contexture e A
/" Oncolytic peptides* o 2 ECM Tee fH1 = Anti=TIM3
o -' Collagen Me;‘mory d S : :
Oncolytic virus* exhauste: PD-1 ~_  Anti-lAG3
o EMT/MET ] Teels PD-L1 ‘
v g—'“‘\”“x/ el ~ L
a4 . . + + Microbiome A ’ \ . \ CTLA4 N -
s: positive association with survival : \ Barrier \_ Anti-
Immune Parameters: p / modulators® ICD 2 \\ molecules N TIM3 \'\\ CTLA4/PD-1"
contexture /' Vaccine* /' Calreticulin Mesenchymal\ Tolerance ™. LAG3 Gorb
Neo-epitope  / Str barrier Teell B \ ombo
- + / vaccine* ) / ~ 7,.\—* =l [y . chC:ck ot \ Anti-PD-1/ \
Type S ICEEACLE Anti-CTIA4  / /" Noflow > Immy,,, G R\ A iace
| - z" adjuvancit . ~ { i 4
Memory T cells (CD45R0O) {  combo / Mutations /. > - I \ an-ngM uzs
o / ~ /4 gt \ Anti-
!nztablllsty ACAI?\: / Nollow ~~_/ ~~ Absent \ Anti-VISTAS
Location Core of the tumour I SR /[ immuno- / /( \ Anti-SIGLECY®
[ f [ genicity / Immunoscore CTLA4 | + other ICP*
| ) ) CARTeell | =t 4 fEpuRony o
nvasive margin ‘ * f ‘ == | TIM3, \ & 3
g TLRa E N:e / /No/low ,/ \ Combination | %':\GGI% =l 2:::'&?1537.
. * ro asome tati | \ | ‘ -
Density Numberofcells per mm? DDR agent presentation [ =it eheckpotils i |Other ICP Anti-GITR* |
. : Immunogenicity F — Anti-CD40*
1 .10 100 1099 10000 N P P s o omon Ao
; — \ nti- X
CO3%r —— Anti-CD73* | Adenosine ‘L_-——-- \ | stimulation | |CD137CD27/ | ., |L—I7'
CD3+|M | Anti-CD39* | \ Angnogenesns‘ \ f—— |GITR  Cytor I-15%, IL-21*
chst —o— HIF1oi \ \ immune L / : kines/ x o
CD8+CT \ VEGFo.  \modulation - — A /  Adhesion MAdCAMl f ﬁif\'l‘zc.s" f
—o— ; <~ \ A~ / -
L Anti-VEGF* | e Immunosuppressed Y. ——_ :/CéAMN: / IFNe!
CD45RO CcT : o ] Ami‘- ) ‘\_‘ Epigenetic. 5 lnhibitor;\\v"f CDlO31 AN
Ch4s RO*l " 00— \ Z:?;oi-?\(/?g:;;s‘ ‘\rerg'am';J/}‘\_\ : = //Wtors / \/CAMl 13
Gk \ \\ N —_— // /,‘
. . HDAC SN {
Functional T,1 cell-associated factors {(IFNy, IL-12, T-bet and IRF1) i \/sz,w?_en'c o \\ %ADSCI? 7/ lr%%
. . i activation cells /
orientation \ HMA* WNT= T ) \"9 4 7 o
o 2 o BET* -Cat \\ T-cell ‘ Immuno- ~ NOS1 / Combo |DOI_'
Cytotoxic factors (granzymes, perforin and granulysin) &EK Lot ot \\suppressm\/\ > Arginase // Combo TDO
« N\ PPAR L & v i P> CSFIR
. TKI Y recycling | Presentation’, = FOXP3
Chemokines (CX3CL1, CXCL9, CXCL10,CCL5 and CCL2) \ wNTi*  \FGFR3 {5 | and priming \,_— (Eyiophospharmide)
PI3Ki CXCL9/10/11 e Chemmherapy
) MEKi* S CXCL113 6 TGFB 7 PBKy
Ty17 cells, Tp., cellsand T,2 cells have a variable \_  MET ~.ccLass Sundvin B 10 Tasquinimod*
effect on survival, depending on tumour type mTOR STING ANtECIEIR?
Chemokines* ~—__ MCL1 IFNo MDSC
TLS P d it . Anti-LIGHT* SR T depleliop’.
resence and quality o Jnt-CCR3 Anti-IL-6* TGFpi*
PI3Ki*
Survivini® s
mTOR;* REING
MCL1*

1. GalonJ, 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



Distance analyses

CD8+ / CK+

Intertumor
g0 e b.l.
variability
g £ g0 Intratumor
8 _SJ\
Se .
heterogeneity
img 3
20 - Ilo = kaad
w— Mg 5
0 -== Mean 0 -== Mean
0 20 40 80 80 100 0 20 40 60 80 100
Distance (microns) Distance (microns)
CD8+ / PD-L1+
+ PDL1+ o —
s ) 80 /ﬂ_’
5 +
% 60 1 R 601
o o
-4 R
40 4 40 o Img 1
Img 2
- Img 3
20 4 20 Sy
Img 5
0 0 Meaan
0 20 40 80 80 100 5 20 0 60 80 100
Distance (microns) Distance (microns)

Courtesy Dr J Adam



Spatial analysis of immune cells

Recurrence Nonrecurrence
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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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Multiplex IHC in routine clinical practice: Why and how?
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Improving the response rate to ICls

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

TMB

PD-L1

inflammation

Gene Expression
Signatures

Neoantigens /
Neoepitopes

Tumor-
Infiltrating
Immune Cells

Increasing Directness of Measure of Tumor Immunogenicity

Immune Status /
Antigen-Specific
Immunity

- Suggestive of

- Suggestive of

- Suggestive of

* Indicative of the

* Indicative of the

* Indicative of

the presence of tumor-infiltrating immune cell presence of presence of antigen-specific
. specific, immune cells / presence / specific, tumor-infiltrating immunity /
Biomarker : : . : :
. potentially adaptive activation / potentially- cells immune
Function : . . . ; .
immunogenic immune function immunogenic response
tumor resistance tumor
neoantigens neoantigens
* NGS - [HC * NGS (RNA-seq) - [HC - IHC /IF (single- | - IGRA/
* Hyb. arrays (e.g., | - NGS and multiplex) ELISPOT,
Assa microarrays, (WES + WTS) + Digital Pathology | - ELISA
Techxolo ies NanoString) » Computational + Other Multiplex * Flow cytometry
9 * PCR Informatics Spatial Tissue * PCR
+ Other * Mass Spec or Analysis *NGS
Proteomics platforms

™~/

Measurable via digital pathology and/or multiplex spatial tissue analysis
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Immune microenvironment
characterization and interaction with
tumor cells

CD8+

CD4+

CD163+
Cytokeratins+(TC)

Courtesy Dr J Adam



Chromogenic mIHC for diagnosis and predictive biomarker

testing in non-small cell lung cancer

il
MIDI panel o/
FDA-cleared diagnosis & predictive biomarkers

No antigenicity loss (e IR (PO Kerati

No steric interference

No increased cross-reactivity G':) G':) G—:)

Standard antigen retrieval

Automated staining protocols - m m

Limits the need for validation strategies

Method of choice in routine setting

Therapeutic decision making in NSCLC

Unique sample-sparing tool to characterize

MIMP panel

limited tissue samples
llie 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

% MIDI panel % MIMP panel
mIHC for Diagnosis & mIHC for Molecular Profiling

Immunophenotyping

@ TTF1(sP141) O A (D5F3)
@ 20 (BC28) O Ros1 (D4D6)
PD-L1 (SP263) BRAFV600E (VE1)

AE1/AE3 (PCK26)

llie M, Beaulande M, Hamila M, Erb G, Hofman V, Hofman P. Lung Cancer. 2018 Oct, 90-94
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Lung adenocarcinoma
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Interpretation of PD-L1 testing

Tumor cells only, exclude immune cells

Multiplex PD-L1 Teal

25

rho =0.83

Automated analysis 4-Plex

PD-L1 tumor cells expression (%)

f T T T T 1
0 20 40 60 80 100

PD-L1 tumor cells expression (%)
Manual analysis standard IHC




NSCLC Data with IO Outcome — Case Study

- Case Study - Patient
Adenocarcinoma

|Samp|e is a CR on Nivolumab ]

| PD-L1 IHC negative |

Low gene expression by NanoString — likely due to PD-L1
expression on immune cells not tumor cells

IO360 gene expressiondata reveals high expression of
many immune signatures and low expression of tumor

related signatures

.
oo oo JoE ONLY . Not for use in diagnostic procedures. Nano S t rin 9
e e

|
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B DRI e -
s, :
i - 3.5 = .
:
)
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. tumor foreignness . immune access to tumor
. immune inhibition - metabolism - immune activity
. immune inhibition - immune intrinsic . immune inhibition - tumor intrinsic

. tumor sensitivity to immune attack
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STEP 4
Co-stimulatory molecules

influence the T cell
Complexity of tumor & immune cells interaction |

Eesponse B e

STEP 1 y

Tumor antigens are take
up by dendritic cells

STEP 7
Tumor . : -
apoptosis

Tumor cell



Multiplex IHC chromogenic vs. fluorescent

* Visualization
Chromogenic: optical microscope
IF : >4 colors = spectral microscope

« Slides storage
Chromogenic: > 10 years MO e e
Fluorescence: loss of intensity f(t) : quick analysis ! M SR Tt Wl «ic7-P s

 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
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Review

Multiplexed Immunohistochemistry for Molecular
and Immune Profiling in Lung Cancer—Just About
Ready for Prime-Time?

Paul Hofman 2, Cécile Badoual *>*, Fiona Henderson °, Léa Berland !, Marame Hamila !,

Elodie Long-Mira L2 Sandra Lassalle '2, Héléne Roussel 34, Véronique Hofman 129,
Eric Tartour (0 and Marius Ilié 1.2+

A few open questions (among others):

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 ?
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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
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IF Markers
Automated Ventana
Discovery
Opal Fluorophores
PerkinElmer

Initial Image

Example: workflow

Scan Fluo slides
Vectra 3 PerkinElmer
Phenochart

Image Analysis
inForm” Cell Analysis™
PerkinElmer

Tissue segmentation
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Data analysis
Other analysis
Distances calculations
Python (numpy, scipy)

@ python

b PREL4CKS

Detected nuclei and scoring

20

40 60 80 100

Biological
and clinical
validation
B CD8+
m CK+
# CK+PDL1+
PDL1+
Others
120



Advantages

b Development

Maximum of data / slide chromo/fluorochromes o

Small sized samples

&N 7\ @
Efficient use (biopsy/cyto) A s
° &
e
Specificity improvement \' . . .
7 colors Accuracy of histological analysis
(e.g. tyramide) M Open-lilcéurce Automatpn | | |
O 7 % L . Preservation of tissue integrity
- platform = S unlike NGS, scRNAseq, spectrometry
I 0% 0% ®0000000 ¢
d
. Parra ER, Francisco-Cruz A, Wistuba Il. State-of-the-Art of Profiling m o
Immune Contexture in the Era of Multiplexed Staining and Digital
Analysis to Study Paraffin Tumor Tissues. Cancers (Basel). 2019 Feb 20 Rea dy_to_use SO | utio N
. BlomS, et al. Systems pathology by multiplexed immunohistochemistry e

and whole slide digital image analysis. Sci Rep. 2017 AUtOmC]tel Ab, Chromogens, anO/ySiS prOdUCt




Current limitations — Digital analysis & multiplex IHC

L ,; 4
@ g
(01) 13123451234566 @“\3“&,/ v ) i s
NN AP il et sl
O 7 2V o)
By LR D%

« a priori » analysis
" Manual annotations
Imperfect
Without « a priori »
= Check accuracy
= Robustness

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




Resection specimen

Biops
1034
Late stage disease
NSCLC -
lobectomy Metastatic sites

>dle biopsy

Temporal heterogeneity
Pre/post treatment

. Intratumor .
 heterogeneity Sampling bias: impact of spatial heterogeneity
i PR AR ) Sampling artifacts

Preanalytical variability Sample availability

Sample/images size

Processing time

Resectable stage only
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Computer aided diagnosis

Lymph node metastases

Allows pathologists to concentrate on more
complex tasks and interpretation

Deep learning based
approaches

Automation of quantitative
biomarkers assessment

Ki67 immunohistochemistry

AN R

Gleason grading

Aim: ¥ | Method: Result: G
Automatically grade ,*.'_"~§ Deep learnir stem traine System outperformed -
biopsies using the . STE8 | us 13431@*“1 43 10 out of 15 : e S
Gleason grading _ VRS | patients. pathologists Q InpUt " B OUtDUt
sysiem A e -
Akl L OXROXST ‘ N .ﬁ'f mage
AR escaal ‘t' : \‘R \.‘ g Treatment
_-_,'_;'?}",'-.';_,"\. X Ly ,5 ‘ Grmcqoups e e
, % B ? eligibility
L &’i,‘* - ql wo

Annotation by pathologists: variability
Under/overfitting

Large amount of data for training
Non explainable decision

Benordji et al. JAMA 2017; Acs et al. Lab Invest 2019; arXiv:1907.07980; Wang et al. Sci Rep 2018



JAMA Oncol. 2019;5(8):1195-1204. doi:10.1001/jamaoncol.2019.1549
Published online July 18, 2019.

Research

JAMA Oncology | Original Investigation

Comparison of Biomarker Modalities for Predicting
Response to PD-1/PD-L1Checkpoint Blockade
A Systematic Review and Meta-analysis

Steve Lu; Julie E. Stein, MD; David L. Rimm, MD, PhD; Daphne W. Wang, MS; J. Michael Bell;
Douglas B. Johnson, MD; Jeffrey A. Sosman, MD; Kurt A. Schalper, MD, PhD; Robert A. Anders, MD, PhD;
Hao Wang, PhD; Clifford Hoyt, MS; Drew M. Pardoll, MD, PhD; Ludmila Danilova, PhD; Janis M. Taube, MD

CONCLUSIONS AND RELEVANCE In this meta-analysis, tumor mutational burden, PD-L11HC,
and GEP demonstrated comparable AUCs in predicting response to anti-PD-1/PD-L1
treatment. Multiplex immunohistochemistry/IF and multimodality biomarker strategies
appear to be associated with improved performance over PD-L1IHC, TMB, or GEP alone.
Further studies with mIHC/IF and composite approaches with a larger number of patients will
be required to confirm these findings. Additional study is also required to determine the most
predictive analyte combinations and to determine whether biomarker modality performance

varies by tumor type. ISVI]




Figure 2. Summary Receiver Operating Characteristic Curve Analysis by Assay Modality for Responders

vs Nonresponders
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Conclusion

Multiplex Molecular Pathology in practice.. The 4V

= Variability
= inter-samples

B B 2 = inter-labs
There are still many challenges * : g = nter-softwares

to be mastering o R e = inter-data

' = Velocity of data production

= \/olume of data
= \alidation mPlex clinical panels
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Current limitations

= Same limits as conventional [HC
= 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 Yellow
= No clinical routine use
= Low signal reproducibility (despite automation)
" |ncrease in the number of Mplex combinations
= Ab, complex classifiers £ risk of random results
= |ntrinsic costs: equipment, reagents, personnel
=  Biomarkers costs @ : chromogens, automate, software

1. Parra ER, Francisco-Cruz A, Wistuba Il. 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).



