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What to do now?

In addition to clinical considerations, the
decision depends on:

The patient’s location: continent,
country, region

Availability of good material for analysis
Accessibility of tests

Financial circumstances

Availability of treatment
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Precision Medicine and Biomarkers

A tumour tissue
biopsy or blood
sample is taken

Biomarker testing is
carried out on the
sample to identify any
biomarkers present

Test results help
inform treatment
decisions

Patients can
receive therapies
targeted to these

biomarkers
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“The GOOD
physician treats
the DISEASE; the
GREAT physician
treats the PATIENT
with the disease.”

Sir William Osler



EGFR T790M mutation testing should be performed in
patients with NSCLC who have progressed on 1st/2nd
generation EGFR TKls

Patient diagnosed with
EGFR—sensitising mutation positive NSCLC

6o,

15t/2" generation EGFR TKI

EGFR T790M mutation testing should be performed in EGFR mutant
advance d NSCLC patients that have progressed on treatment with 15t 30

/ 2" genera tion EGFR TKis ENCONTRO




Pathology is Evolving to Meet Patient Needs and Be a

Central Driver of Personalized Healthcare

Gross
Pathology

Antonio Benivieni

(1443-1502):
First autopsy

Giovanni Morgagni

(1682-1771):
Correlated patient symptoms to
autopsy findings

John Hunter

(1728-1793):
Devised method for preserving tissue

Bichat

(1771-1802):
“Father of modern pathology”

Cellular
Pathology

Leeuwenhoek

(1632-1723):
Developed 1st microscope

Virchow

(1821-1905):
Recognized that diseases arise from
alterations within tissues and cells

Morphologic
Pathology

Morphologic classification of
cancer

Pathologists provide diagnostic
and prognostic information

Hematoxylin and eosin is
‘primary stain’ for all cases
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Molecular/Predictive
Pathology

Comprehensive molecular
tumor profiling

Pathologists provide
personalized
medicine/predictive biomarker
information

Proteomic and genomic data in
the context of morphology




Precision Oncology/Biomarkers
More biology from smaller samples

Smaller tumours/targets

Smaller samples

More biology

Copy number Fusion
Hotspot genes variants drivers
35 genes 19 genes 23 genes
DNA RNA

AKT1 JAKT ALK ABL1
ALK JAK2 AR ALK
AR JAK3 BRAF AKT3
BRAF KIT CCND1 AXL
CDK4 KRAS CDK4 BRAF
CTNIBT MAP2KT CDKS EGFR
DDR2 MAP2K2 EGFR FRBR2
EGFR MET ERBR2 ERG
ERBE2 MTOR FGFRT ETV1
ERBE3 NRAS FGFRZ ETv4
FRBEA4 PDGFRA FGFR3 FTVS
ESR1 PIK3CA FGFR4 FGFRT
FGFR2 RAF1 KIT FGFR2
FGFR3 RET KAAS FGFR3
GNATT ROST MET MET
GNAQ SMO MYC NTRKT
HRAS MYCN NTRK2
IDH1 PDGFRA NTRK3
IDH2 FIKACA PDGFRA

IDIDI;,_ID

RAFT

RET

ROST



Specimen with lung carcinoma

/ \NS NE Differentiation

NE Differentiation

l

Positive for NE markers

l
B W

Squamous Carcinoma

+Pan Keratin
+p40

-p40,TTF1, Napsin A

.le out metastasis

calendar days
)
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Treatment

Target Therapy

Post-laboratory

Intra-laboratory

Pre-laboratory

Comprehensive Biomarker testing
results

Receipt of sample
biomarker testing

Selection by
pathologist of
appropriate block for
biomarker testing

Pathologist initiates

i is of =
Diagnosis o comprehensive

Receipt of
report by
ordering
physician

Generation of
summary
biomarker report

l I__ <24 hours*_l\

biomarker testing

< 10 days*

non-squamous NSCLC in the testing

laboratory
BRAF, HER2 Status?
Agnostic Markers?
Answer to ImmunoTx?

< 3 days*

*business days
B - e

Cheema, P. K., et al. "Consensus recommendations for optimizing biomarker testing to identify and treat advanced EGFR-mutated non-small-cell lung

cancer." Current Oncology 27.6 (2020): 321-329

Chemotherapy




Which technology should be used for mutation
testing?

Any validated.

However, multiplexed genetic testing with NGS is strongly recommended
over single-gene testing.

Cheaper

Quicker
Sample-friendly

£
o . )

Sensitive

Consensus sequence 148 ATCCATCAGICACGTAGGGTACCCGATTACCTTACAG ATCCGATCCAITCGAAATCGGGA |
eeeeeeeee (CEB ATCGA CAGZCACGTAGSGTACCCGATTACCTIACAGGATCOGATCCATTCGAMATCGGGA |

(LS8, ATCGATCAGICACGTAGGGTAC CGATTACCTTACAGGATCCGATCCA TCGAAATCGGGA |
048 ATCGATCAGTCACGTAGGGTACCCGATTACCTTACAGGATCOGATCCATTCGRARTCG GA |

8 random barcode mix )W W unique barcodes I sequencing adaptors




What type of sample can be used at the diagnosis stage?

D Surgical specimens

J Tissue biopsies OO0OO

W
. - . 4 ‘
J Cytology specimens, with adequate cellularity. N '

-/

1 Plasma samples (liquid biopsies), if other sample is not available or if re-
biopsy is not feasible.
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= Effective
communication

= Use of
checklists

Reflex
workflow

Challenges



ROLE OF PATHOLOGIST

Pre-analytics

Diagnosis and select of correct material (quality/quantity).

Use of “in situ” based techniques.

Integrated Molecular Pathology — Translation to the clinicians.

Education.

Schmitt FC. Cytopathology 2011, 2019
Roy-Chowdhuri S. Arch Pathol Lab Med 2016
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We need to actively participate in the
process of Specimen Acquisition

Good communication with clinicians, lab technicians, cytotechs, nurses...
Providing a clear order form
Using image-guided procedure for better yield

Optimizing technique for best diagnostic yield (FNA sampling technique, needle size,

number of passes...)

ROSE



Go where the fresh material is...




MOLECULAR CYTOPATHOLOGY

Molecular/biomarker testing in lung cytology: WO R K F LOW 0 F ROS E

A practical approach

Fernando Schmitt MD, PhD, FIAC*?2® | Maria D. Lozano MD, PhD, MIAC*%¢

e e \

[ EUS/EBUS grided FNAC-FNAB | . [celiBock
Liquid Based | Conventional K\( Direct (NGN)*

I Smears (Diff-Quik, Papanicolaou)

FIGURE 1 Diversity of types of cytological samples obtained from minimally invasive procedures. (A) Smears; (B) liquid based cytology;
(C) conventional cell block; (D) direct cell block using new generation needles*; (E) cyto-histological correlations

TABLE1 Type of oytology samples, fixatives, and ICC results and
efficiency

Type of cytological
samples Ficative Results
Cellblock Formalin Comparable results to
surgical samples/
biopsies
Pap-stained smears Alcohal 967 Comparable results to
surgical samples/
biopsies
Unstained smears Alcohaol 967 Slighthy lower but OR
DG and air-dried Mo fixative High rate of false—Low
Smears intensity of
immunostaining
Liquid based Methanol-based  High rate of falkbe—Low
fixatives intensity of

immunostaining

o
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Tissue management in precision
medicine: What the pathologist
needs to know in the

molecular era
Ricella Souza di Silva®, Regina P frontiers ‘ Frontiers in Molecular Biosciences

Fernando Schmitt2-* | :HED 26 October 2022

ol 10,3389/ fmolb.2022.983102

Morphological control for molecular testing

o Fraction of malignant cells greater than 10%-
20% is considered a lower acceptable limit for
molecular methods.

o In cytology material samples with <100 cells
are not svitable for NGS; 100-2000 low levels:
2000-5000 intermediary levels; >5000 cells are
suitable for any NGS, including large panels.

o The coverslip is removed using xylene if crystal coverslip is
used or acetone if plastic and the selected cells on the
slide are transferred into buffer medium for nucleic acid
extraction without need of destaining the slides.

o Single Slide: Scanning and digital archiving is mandatory to
ensure medical-legal issues

O

Extraction

Appropriate
tissue
material

10 um Section
H&E ] ;
Diagnostic
Confirmatory
3 um Section

DNA/ RNA ISOLATION ©
NGS 2
(EGFR, ALK, ROS1, NTRK, BRAF, RET, MET, ERBB2/HER2, NRG1, FGFR1) °
3
@
DNA I RNA
KRAS BRAF BRCA NTRK PAM 50
NRAS PIk3CA POLE
Msi
4 6 6 4 3
ections sections sections sections sections

Morphological
Control

0 Malignant nuclei
Stromal cell nuclei

0 inflammatory cell nuclei

PMC: 30%

AF: 14%

7“7 o] Woman, 83 years old

Left upper lung lobe tumor

Y J Bronchial biopsy

s ‘)': Dx: Lung Adenocarcinoma

NGS
10% P

SANGER
0% P

10 ny

DNA

RNA

lcel:6-7pg 1cell: 10-30pg Nucleic Acid DNA RNA
(minimum input) Mass Number of cells Number of cells
1.430-1670 334 - 1.000 1ng 1a3-167 34-100
celts =8 10ng 1.430-1.670 334-1.000
SO ng 7.143-8.334 1.667-5.000
100 ng 14.286-16.1667 3.334-10.000
200 ng 28.572-33.334 6.667-20.000
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tissue sample with

Molecular analysis on the most . history of
larger

immune  staining

and/or molecular test

PATHOLOGY

- y MOLECULAR
LABORATORY . PATHOLOGY

LABORATORY




MOLECULARCYTOPATHOLOGY

Molecular/biomarker testing in lung cytology:
A practical approach

Fernando Schmitt MD, PhD, FIAC?3 | Maria D. Lozano MD, PhD, MIAC**®

FNA / Core needle biopsy EUS/ EBUS guided

()
)
2
S v
§ [ Morphological diagnosis feasible l__Ng_,[ Repeat sampling H Not possible l
=
=
© Yes I
(=
© No diagnosis
g
a -
[ Biomarkers panel feasible I——Nﬁ——b[ Repeat sampling ]—V Not possible ]
Yes I‘ I ‘
* Incomplete diagnosis l
[ SEE ] [ Adenocarcinoma l
)
(%2}
© Non-smoker or light
=
o smoker or age < 50
— y.o.
©
9
)
=
©
e NGS
<
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NSCLC

options for first-line therapy

- EGFR

« ALK

« ROS1

« BRAF V600E

« MET ex 14 skipping
« RET

* NTRK

ICl « |If no driver mutation and
monotherapy « PD-L1 IHC TPS =250%

+ |f no driver mutation and
« PD-L1 IHC TPS <50%

o
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COMBINED BIOMARKERS FOR TARGETED THERAPY AND
IMMUNOTHERAPY IN THORACIC ONCOLOGY

MUTATION/BIOMARKER . TREATMENT

DETECTION

TESTING :

& BIOPSY SELECT CONDUCT DECISION
- N
g ’/,_—- —
; /-
g cog [ P21 PRUigl rymoR
I , L -..
= cells ' \. cells
C TR\ — N/ T™B
= , Nz
P o) aemd (we -~ GUT ™ TUMOR
3 FUSION MUTATION MICROBIOTA



Cytology samples and molecular biomarker testing in lung
cancer—advantages and challenges Cytology

sample
Sule Canberk '** @ « Marianne Engels*

Cell block Slides

If cell block is
enough

If cell block is
not enough

DNA and RNA based testing
approaches

(EGFR, ALK, ROS1, BRAF, K-RAS)

DNA and RNA based Only PD-L1 3
testing approaches
(EGFR, ALK, ROS1, BRAF (ALK, ROS1 should be
" kRAS) tested from slides by
i hased DNA and RNA-based
Asecitest testing approaches)
(PDL-1) r

o

3 ENCONTRO
NACIONALE
INVESTIGAGAO CLINICA
& INOVAGAO BIOMEDICA



PD-1 mediated inhibition of T cells

PD-1 . PD-L1

up-regulation up-regulation

PD-L1

Proliferation
Cytokine production

\>

Reduced proliferation
Reduced cytokine production
Reduced survival

* Anti-PD-1 therapy blocks PD-1 on
the T cell, thus, the tumor cell

cannot use PD-L1 to inactivate the
T cell.

* Anti-PD-1 therapy enables T cells to
stay active and attack the tumor.

Tumor cell

Active cytotoxic T cell

Anti-PD-1 Pt
therapy 7 .




Predictive biomarkers for targeted therapies and
immunotherapies in non-small cell lung cancer

Mandatory and highly recommended
molecular biomarkers

MANDATORY
ESCAT |

Highly
RECOMMENDED
ESCAT Il

ALK

BRAF

EGFR

MET
NTRK

RET
ROS1

EGFR
HER2
KRAS

MET

Fusion
Mutation as a mechanism of resistance

V600E mutation

Common mutation: Dell19, L858R

Uncommon mutation:
G719X, L861Q, S7681

T790M mutation
Mutation exon 14 skipping
Fusion

Fusion

Fusion
Mutation as a mechanism of resistance

Exon 20 Insertion
Mutations
G12C mutation

Amplification

Emerging Exploratory and potential
molecular biomarkers molecular biomarkers
BRAC1 ) TP53 :
Mutation Mutation
BRAC2 RB1
Predictive | FGFR Fusion Predictive | RBM10 | Mutation
biomarkers for HER2. HER3 husanon biomarkers for
TARGETED 87 H.; S TARGETED | AKT
- rotein 2
THERAPY CEACAMS Sinriation THERAPY g’QIZN? Mutation
ESCAT Il MET, TROP2 /.
PI3KA Mutation NRAS Mutation
NRG1 Fusion HRAS Mutation
KEAP1 Mutation High TCR clonality
Protein
MTAP 2 : .
Predictive e | ::p:e:_sm Prodiiive. | 1en CO8 denshy
utation :
PIOTHERANS foc : biomarkers for | | 1 dNLR/LIPI
IMMUNO | STK11 Mutation IMMUNO
THERAPY | SMARCA4 Mutation THERAPY | Adequate microbiota
Gut and tumor
TMB Mutations DNA, metabolites,
products

Virchows Archiv
https://doi.org/10.1007/500428-023-03651-1



Personalized Medicine and Biomarkers
Key Features

R |

ol g >

u .; w “ 13" J Clinical Interaction
f . ‘ (Molecular Tumour
I Py - S

AN \

% Boards)
High level of expertise. Highly

gualified human resources

==

Availability of tests: broad panels
and high-quality

Financial sustainability

Good material: quality and .
quantity Secaee



)

||r1

v | et |

o 10

LOCAL
HEALTH

LOCAL
HEALTH

CENTRAL LAB

yue | s |

==

°© 8

I

[T




‘. 4\ ;.“' .

...‘o.x ’

=
O
O
=

General Hospﬁal




1. Multidisciplinary session

Pulm;ibloglst s
|

’} Mam *

__ Necrosis and Fibrosis — decreased cellular density
Tumor cell content - optimum 40%, minimum 20-10%

Radiation
therapist
4. Molecular Tumor Board

3. Sequencing
5. Report curation -
« 3 .
Pathologist ‘ 1 A, 10
Siicae
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Review

What Is New in Biomarker Testing at Diagnosis of Advanced

Non-Squamous Non-Small Cell Lung Carcinoma? Implications

for Cytology and Liquid Biopsy N 1
ntegrative approach

Paul Hofman 2

Gene fusion assessment (FISH, DNA, or RNA
NGS)

Mutation assessment (DNA NGS)

TMB (DNA NGS)

Gene fusion & amplification assessment (DNA or
RNA NGS): -
Be aware of the sensivity

Mutation assessment (DNA or RNA NGS):
Be aware of the clonal hematopoiesis
TMB (DNA NGS):

No PD-L1 evaluation in routine practice )

To be better validated in different series

PD-L1ICC:

NS Need at least 100 tumor cells for PD-L1 evaluation
0 No evaluation on immune cells
A
\fq ALK, ROS1, BRG1 and NUT ICC

PD-L1 IHC: Evaluation on tumor and immune cells
ALK, ROS1, BRAFVG00E, NTRK, BRG1 and NUT IHC
Gene fusion assessment (FISH, DNA or RNA NGS)
Mutation assessment (DNA or RNA NGS)

TMB (DNA NGS)

o
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Virchows Archiv
https://doi.org/10.1007/500428-023-03651-1
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m Tiling-Encoding : l

e

o

@ Tile-scoring :

Geabebpei]

Task-specific
representation

Tiles scores

WSI divided
into tile images vector using the self-

(224 x 224 pixels) ~ supervised technique

Tiles are encoded into a

momentum contrast (MoCo)

251 Luminal WSI (188 HRD, 63 HRP)
With no technical bias

109

0.0

’ ROC fola 0 (AUC = 0.72)
- ROC fold 1 (AUC = 0.88)
. ROC fola 2 (AUC = 0.85)
’ ROC fold 3 (AUC = 0.87)
’ === OChance
w Mecan ROC (AUC = 0.83 = 0.07)
2 1 std. dev

02 04 06 08 1.0

_.-_.E.%

v

The slide representation are
classified by the decision module
into HRP or HRD

AUC=0.83

Sensitity: 88%
Specificity: 57%
Positive predictive value: 86%

Ground Truth = genomic status
Luminal (n= 251)

Al Prediction HRD HRP
HRD 166 27
HRP 22 36
Total 188 63

Anne Vincent-Salomon
Department of Pathology
Institut CURIE Paris, France

PS L* instit(tﬁ

UMIVERSITE PARIS cUrie

Conclusions of this study

* Homologous recombination deficiency is predictable
from H&E slides with high accuracy

o
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Anne Vincent-Salomon
Department of Pathology

Opening the black box for pathologists is important !

Institut CURIE Paris, France

It means to visualize the TILE features that weighted in the algorithm

* To understand the features that weighted the most to predict the label

* To pave the path of MACHINE TEACHING !

Visualization of TILE features that weighted in the algorithm PS| % . th
L= nstity
~ UMIVERSITE PARIS cUrie

! 0 o

Clusters

corresponding to
different tumors tissue
pattern with a clear
relation with HRD or HRP

’
argmax( P7)) argmax(P(e)) | |#52
Selection o the bles maxmang b oA
the postenior probabilty of the tiget values
.

4

High density of Tumor Basal/hyperchromatic ™\ Laminated fibrosis Low tumor cell
o Infiltrating carcinomatous cells @ density and clear
Lymphocytes TiLs 7 with nuclear atypia . spaces around cell
nests
Hemorragic Adipose tissue with
suffusion inflammatory changes Cow sm::e pocri @ o
associated associated with clear el : L N -
to necrotic tissue tumor cells o institutCurie E,X(CZ%\I\‘ILTOB
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REVIEW

Druggable targets meet oncogenic drivers: opportunities and limitations
of target-based classification of tumors and the role of Molecular
Tumor Boards

R. Danesi’, 5. Fogli'!, 5. Indraccolo”, M. Del Re', A. P. Dei Tos”, L. Leoncini’, L. Antonuzze®, L. Bonanno®, V. Guarneri®’,
A. Pierini®, G. Amunni® & P. Conte®’

Precision Medicine, to be
Precise, needs Patholog

—— —

o

Table 1. Biomarkers and available drugs

Name of marker Druggable factionable Tumer type Predictive value, LoE [e.g. available FDA-approved
alterations Jilgs) liquid biopsy CDx test
EGFR/ErbB1 Mutations (e.g. LBSER, ex19del, NSCLC 1 (gefitinib, erlotinib, afatinib, Yes
T790M) osimertinib, dacomitinib)
HERZ/ErbB2 Amplification Breast 1 (trastuzumab, T-DM1, trastuzumab No
pertuzumab, lapatinib, neratinib)
Amplification Esophagogastric 1 [trastuzumab) No
Point mutations (VB59E) MNSCLC 3A [lapatinib) No
c-Met exld skipping mutations, amplifimtion  NSCLC 1 [erizotinib, capmatinib, savolitinib® No
tepotinib)
RET Fusion MNSCLC 1 [selpercatinib, pralsetinib), 24 No
[cabozantinib), 3A (vandetanib)
ALK Fusion MNSCLC 1 [erizotinib, alectinib, ceritinib, Yes [alectinib)
lorlatinib), 3A (brigatinib)
Mutations (L1196M, L11960) Soft tissue sarcoma 2A (crizotinib, ceritinib) No
ROS1 Fusion, mutation NSCLC 1 (crizotinib, entrectinib) No
NTRE Fusicn All tumors 1 (larotrectinib, entrectinib) No
c-Kit Mutations (e.g. 449 _514mut), GIST 1 (imatinib, sunitinib, regorafenib), 29 No
deleticns [e.g. D419del) [sorafeniby)
Thymic tumors 2A [sunitinib) No
SAM PLES Melanoma 2A [imatinib) No
PDGFR GIST 24 (imatinib, dasatinib) Mo
FFPE @
Leukemia, myelodysplasia 1 (imatinib) No
FGFR1 LscC 3A [erdafitinib) No
CYTOLOGY Nscic 3 (AZD4547) No
FGFR2 ) Bladder, cholangiocarcinom 1 [erdafitinib, pemigatinib) No
Amplification Breast 3A [dovitinib ) No
FGFR3 Fusion, mutation Bladder 1 [erdafitinib) No
RAS Wild-type CRC 1 (cetiimab, panitumumab) No
BRAF Mutations [e.g. VBOOE) Melanoma 1 (vemurafenib, dabrafenib, trametint>, Mo
combo), 3A (trametinib)
MNSCLC 1 (dabrafenib 4 trametinib) No
Histiocytosis 34 (cobimetinib) Mo
Mutation [VEOOE) CRC 1 (encorafenib 4 cetuximab) Yes
Fusions Ovarian 3A (trametinib, cobimetinib) No
MEK Mutations Melanoma, NSCLC, ovardan,” 3A [trametinib, cobimetinib, No
histiocytic disorder selumetinib)
mTOR Mutations [e.g. E2014K) Bladder, RCC 3A [everolimus, temsirolimus) No
AKT Mutation [E1TK) Breast, ovarian 3A [capivasertib) No
PTEN Homozygous deletions, Breast 2A [capivasertib) No
loss-of-function mutations
PIK3CA Mutations Breast 1 [alpelisib) Yee
CDK4 Amplification Soft tissue sarcoma 2A [ palbociclib) No
IDH1 Mutations AML, cholangiocarcinoma 1-3A (ivosidenib) No
IDHZ2 Mutations AML 1 (enasidenib) No
BRCAL/2 and ATM  Mutations (somatic) Breast 1 (olaparib, talazoparib, rucaparib) No
Mutations (somatic) Ovarian, prostate 1 (rucaparib, olaparib) Yes
ER Mutations (e.g. E3800Q) Breast 2A (fulvestrant) NG
MSI-H Mot applicable All 1 (pembrolizumab) Yes
TML Mot applicable Multiple tumor types 1 [pinbruliﬂab. niﬂmab:l_ No




Cooperating Is tougher than competing.
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Health Research Network
From the Lab to the Community
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FERNANDO SCHMITT RISE — HEALTH RESEARCH NETWORK THANK YOU

Molecular Pathology Unit
fschmitt@ipatimup.pt
@fcshmitt
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