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Biom.arker
Testing -
Questions

What do we need to test for?

What patient populations needs
to be tested?

When does testing need to be
done?

How should the testing be done?

What is the optimal sequence for
testing?




What do we need to test for?

10 targets with FDA-
targeted therapies el alteration(s) e Targeted Therapy
i AKT1 AKT1 SNVs AKT E17K
ALK fusions BRAF ,
BRAF b V600E Fusions EML4-ALK E13;A20 Yes
P- - ALK SNVs ALK L1196M
EGFR (multiple variants) CNAs ALK amplification
EGFR exon 20 insertions SNVs BRAF G469S/V/A, V600E, K601E, others ~ Yes
BRAF :
HER2 Fusions AGK-BRAF
KRAS p.G12C SNVs EGFR L858R Yes
P Insertions/Deletions EGFR L747-A750>P
MET exon 14 skipping EGER CNAs EGFR amplification
NTRK fusions Fusions EGFR-RAD51
RET fusions ErbB2 SNVs ErbB2 V659E
ROS1 fusions (HER2) Insertions/Deletions ErbB2 exon 20 insertion Yes
CNAs ErbB2 amplification
(+PD-L1 expression) KRAS SNVs KRAS G12C, G12D, G13C, Q61H, others ~ Yes (for G12C)
Unk MEK1 SNVs MEK1 K57N
nKNown
SNVs MET D1228V
VMET Insertions/Deletions MET exon 14 skipping alterations Yes
CNAs MET amplification
Fusions KIF5B-MET
NRAS SNVs NRAS G12C, G12D, G13C, Q61H, others
Fusions SQSTM1-NTRK1 Yes
’ NIRKT SNVs NTRK1 F589L
w PIK3ca SNVs PIK3ca E545K
ROS1—
RET Fusions CCDC6-RET Yes
RET SNVs RET G810C
PIK3CA y ROS1 Fusions CD74-ROS1 Yes
NTRKh SNVs ROS1 G2032R
RAS
MEK1
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What patient
populations need
to be tested?

‘ Biomarker testing is
incorporated into national and
international guidelines for
diagnosis and treatment of
lung cancer.
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Non-Small Cell Lung Cancer

National
Comprehensiv
We{eivl Cancer
Network”

e NCCN Guidelines Version 5.2023
Non-Small Cell Lung Cancer

Category 1 for “driver” oncogenes
with associated FDA approved
targeted therapies.

CLINICALPRESENTATION

Advanced
or
metastatic
disease

References

« Establish histologic
subtype? with
adequate tissue for
molecular testing
(consider rebiopsy'l
or plasma testing if
appropriate)

* Smoking cessation
counseling

* Integrate palliative
care® (NCCN

Guidelines for

Palliative Care)

HISTOLOGIC
SUBTYPE?

r

* Adenocarcinoma

« Large cell

*« NSCLC not
otherwise
specified (NOS)

.

Squamous cell
carcinoma

BIOMARKER TESTINGI

* Molecular testing, including:

» EGFR mutation (category 1), ALK (category 1),
KRAS, ROS1, BRAF, NTRK1/2/3, METex14
skipping, RET, ERBB2 (HER2) —

» Testing should be conducted as part of broad
molecular profilingk¥

* PD-L1 testing (category 1)

Broad molecular profiling
preferred.

Testing
Results

(NSCL-19)

=

PD-LI1 testing = category 1

Consider

« Consider molecular testing, including:" molecular testing.
» EGFR mutation, ALK, KRAS, ROS1, B

NTRK1/2/3, METex14 skipping, RET,

ERBB2 (HER2)

» Testing should be conducted as part of
broad molecular profilingk¥
* PD-L1 testing (category 1)

Broad molecular
profiling preferred.

- PD-L1 testing = category |

> NCCN NSCLC guidelines (Version 5.2023 — November 8, 2023) call out biomarker testing for stage IV (Mla and Mlb) disease.
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Small Cell Lung Cancer

National . . .
N[\l Cancer
Mot Small Cell Lung Cancer
DIAGNOSIS INITIAL EVALUATION2:? STAGE “Comprehensive molecular
profiling can be considered in rare
cases—particularly for patients
with extensive-stage/relapsed
» History and physical (H&P)® SCLC who do not smoke tobacco,
» Pathology revie i
» Complete blood count (CBC) “ghtly ,SmOk.e’ have remote
« Electrolytes, liver function tests smoking history, or have

(LFTs), blood urea nitrogen (BUN),
creatinine

* Chest/abdomen/pelvis (C/IA/P) CT
with contrast

* Brain MRI?-® (preferred) or CT with

Limited stage
(See ST-1 for TNM
Classification)

diagnostic or therapeutic
dilemma, or at time of relapse—if
not previously done, because this
may change management.”

Small cell lung
cancer (SCLC) or
combined SCLC/
non-small cell lung

> contrast
cancer L"r'sc';‘fg on « FDG-PETICT scan (skull base to
psy or cytology mid-thigh), if needed to clarify

of primary or

. a,f
metastatic site extent of disease

« Smoking cessation counseling
and intervention. See the NCCN

Classification)

+ Consider molecular profiling?

Guidelines for Palliative- Care
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How about patients with early-stage disease?

EGF_R Osimertinib FDA-approved for patients whose tumors harbor EGFR ex19del or LB58R
mutations  mutations, stages IB-IIIA, lIB [T3,N2], based on ADAURA trial (Tsuboi NEJM July 2023)

Atezolizumab: FDA-approved for patients with resected stage IIB-lIIA, stage lIIB (T3, N2)
with PD-L1 21% and negative for EGFR ex19del or LB58R mutations or ALK who received

AdeVCI Nt SO-L] previous adjuvant chemotherapy (IMpower010, Felip Lancet 2021)

Therapy

Pembrolizumab: FDA-approved for patients with resected stage IIB-IIIA, stage lIIB (T3, N2),
or high-risk stage IIA NSCLC and negative for EGFR ex19del and L858R or ALK
rearrangements who received previous adjuvant chemotherapy. “The benefit for
patients with PD-L1 <1% is unclear.” (KEYNOTE-09], Lancet Oncol 2022).

(ALK) ALK rearrangements are exclusionary to PD-L1 directed therapies in the adjuvant setting.
Emerging data (ALINA trial, ESMO 2023) on use of adjuvant ALK TKI, alectinib.

Neo- = A rapidly evolving topic!
: = NCCN guidelines recommend “Test for PD-L1 status, EGFR mutations, and ALK
OdJ uvant rearrangements (stages IB-IIIA, lIB [T3,N2]).”
Thera py = Operational challenges.
TASLC E%%OJEETS{E\{DJER Speaker: Christine M. Lovly, MD, PhD @Christine_Lova @TLCconference #TexasLung24




When does testing need to be done?

» Current standard of care

Patient’s treatment journey

= Patient with stage
4 EGFR-mutant

lung cancer
Pre-targeted therapy Post 3 cycles (~3 months) of Post 18 cycles (~18 months) of
(baseline) targeted therapy targeted therapy
= Before initiqting = TO guide treatment
therapy. selection.
= To guide treatment = To guide enroliment
selection. into clinical trials.
= To guide
enrollment into _ : . o
_ : Future: Testing for surveillance /monitoring
clinical trials. >
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How should the testing be done?

> This is a huge topic.

Table 1. Molecular methods for biomarker testing in solid tumors

Technigue

Application

Advantages

Limitations

Immunohistochemistry (IHC)

Fluorescence in situ
hybridization (FISH)

Polymerase chain
reaction (PCR)

protein-based assay for
detection of expression

hybridization using fluorescent-
labeled probes to detect gene
copy-number changes or gene
rearrangements/fusions

detection of targeted gene mutations,
fusions, copy-number alterations,
DNA methylation

e cheap, rapid, and widely
available

e direct visualization of
protein expression

e relatively simple assay design
e direct visualization of signals
within cells of interest

e high sensitivity and specificity
relatively simple assay design
relatively low-cost

antibody availability
subjective interpretation/
guantification

probe availability
restricted to specific
locus/gene tested

limited throughput
restricted to targeted
genes and regions of
interest in'terrcgated

Next—g eneration massively parallel sequencing of e high throughput e high complexity
sequencing (NGS) multiple genes for detecting e high sensitivity and specificity @ bioinformatics
mutations, fusions, copy-number alterations e comprehensive coverage requirements
e site/tumor-specific applications e longer turnaround time
ene expression differential gene expression between e high throughput e Dioinformatics requirements

profiling (GEP)

tumor/normal or pre/post-treated
tumor

restricted to targeted genes

Reference: Passaro A Cell Vol 187 Issue 7 28 March 2024
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How should the testing be done?

Parameters of the test

= # of genes tested
= Small panel
= Large panel
= Whole exome

= Type of sequencing
= PCRvVs.NGS

= Extent of sequencing of
an individual gene
= Hot spot vs. full exon

= DNA sequencing, RNA
sequencing, both?
= Some fusions may be
better detected by
ZNA

> This is a huge topic.

Practical concerns

The analyte tested

= Tissue = Turn around time
= typically from FFPE blocks
= Core biopsy preferred over FNA

= Plasma (ctDNA) = |nsurance coverage
= Both? = Local availability of a test

= Sample requirement

Excellent reference: 2023 IASLC ATLAS of MOLECULAR TESTING for
TARGETED THERAPY in LUNG CANCER, available as a free download
from the IASLC website:
https://www.iaslc.org/research-education/publications-resources-
quidelines/iaslc-atlas-molecular-testing-targeting
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Some examples of currently available NGS panels
(there are many more!)

Table 5-2. Ex am ples of Currently Available NGSPand Tests

Blopsy type | Tissue biopsy Liguid biopsy

Panelname  Foundatio nOne Trusight Archer Orcom e Dx Trusiaht Orcolegy  Foundatio nOne Archer Guarndart 360 PlasmaSELECT
C D | Feou redation Tumar Fus kanPlex Target Test Cam pre e reive Ligquid ( Foundlation  LiguidPles (Guanda it ( Perscral
BAacd icime) 26 asaay Lu recj iTharmoFe ber (lumira) b icime) il rvitas) Haalth) ¥ i3I
(Ml ira) { lrre ftase | S ernitificl D isgreatics )
Material resd  Tumar DNA Tumar DNA  Tumor RHA Tumar DNA ar Tumor DNA ar RNA - Circulsting tumar  Circulatig Clrco lati reg Cireu lati reg tu micr
RHA DNA free ONA fress DINA DA
Enrichmernt  Hybrid captu e Amplicon Hy bricd A plican Hy bricl ca ptu pe Hy bried ca ptu re Hylsricd Hy bricd Hy bricl ca ptu e
A piu e captu e A piu re
Sam phe FFPE tisue; FFPEtEsue; FFPEtesue;  FFPEtBsue; FFPET s ue; 2x85 mL blead 510 g DNA - 10 mbl blesd 2210 mil bkecsd
recuired 50-1000 rg DHA F0-300 ng 10 rg BHA 10 g DHA, z20mml ordd g samples sample ko r sam ples
10 g RHA DHA ard 40 g 5-30 g DNA
RHA
Humberal  324geresand 36 26 genes 17 geres and  23gemesand 21 523genmesand 55 70 genes 3 gere= 73 genes G4 e
s fus kore 16 fus iors fusians fus ke
Turmarourd <2 weeks 2-3 days 2 days 3 days ~1week <2 weeks 23 days 7 dlays Nt re ported
Ti e

Abbsreviai ons: FFPE =farmain-fixed pardfin-embedded; NG5S = nesd-generation sequencing.

Source: IASLC ATLAS OF MOLECULAR TESTING FOR TARGETED THERAPY IN LUNG CANCER, 2023
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Liquid Biopsy across the cancer care continuum

Liquid biopsy Liquid biopsy (+ tissue biopsy) .
Early stage Stage IV (metastatic disease) — —=
E:rmnin[_] MED Rnl:l_.mm and Monitoring ME“ halur:ll;:"l':gﬂ
(early detection) selection of therapy response e —
! Meoadjuvart  adjwant
i ! ! therapy
=] | E
o i Im First lina % poond line
..: : Resistance
" i mechanisms
o i {Second
E H mutation or hjrpa:f]
Defing Measure intervention success  Detect PD before symptoms  Therapeutic decision-making
tumor biclogy and escalate or or radiographic imaging and detect mechanisms
de-gscalate therapy of resistance

Potential advantages of plasma ctDNA over tumor biopsy or re-biopsy

- Reflects shed tumor DNA or other tumor-related components into plasma, providing a global perspective
- Abrogates the issue of tumor heterogeneity

- Relatively noninvasive and can be repeated serially to monitor tumor response and progression
- High acceptance rate by patients

« Can determine mechanisms of acquired resistance in plasma prior to radiographic detection

« Can define MRD after surgical resection of early stage NSCLC

« Detection of early stage disease in prediagnostic settings and/or screening

Source: IASLC ATLAS OF MOLECULAR TESTING FOR TARGETED THERAPY IN LUNG CANCER, 2023
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Beyond genotyping: where are we going with liquid
biopsy in patients with advanced [ metastatic NSCLC?

«  What is the best type of ctDNA assay to use to assess clearance?
What is the optimal limit of detection to call “MRD” in the advanced disease setting?
Optimal

- 1 : 1
. Second-line Subsequent
mep first-ling w—p — —p

therapy ‘ ‘ therapy ‘ therapy
Patient with Plasma wp
advanced ctDNA

NSCLC clearance?

Figure 4-7. Future integration of liquid biopsy monitoring into treatment decision-making. Abbreviations: ctDNA =
circulating tumor DNA; NSCLC = non-small cell lung carcinoma.

. ﬁ.
|

Source: IASLC ATLAS OF MOLECULAR TESTING FOR TARGETED THERAPY IN LUNG CANCER, 2023
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What is the optimal sequence for testing?

Advanced NSCLC with unknown
genctype

Tissue sample unavailatli e
for tumor genotyping

Tissue sample avail able
for tumer genotyping

Tumor tissue scant/of
Tumor tissue adequatefor worteln adeguany for

@ natyping genotyping

Re-biopsyfor tumor tissue

gonotypingincase of
absence of tar getable

drivers in plasma

Conc urrent tumor tiss uo
and cfDNA genotyping

ADNA armlysis incase o
incomplete tumor
genotyping

Figure 4-4. Diagnodic algorithm for liquid bio psy use in treatment-naive advanced non-<small el lung cancer INSCLC) (Adapted from Rolfo e al'%)

Source: IASLC ATLAS OF MOLECULAR TESTING FOR TARGETED THERAPY IN LUNG CANCER, 2023
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A Challenging Case

<‘@\
%gﬁ

72yo female never smoker diagnosed with cT2aN2MIa lung adenocarcinoma.

Diagnostic biopsy sent for PD-L1 and tissue NGS by the pulmonologist (‘reflex testing’)
= PD-LI =75%
= Tissue NGS = tumor quantity not sufficient (with testing company #1) that uses a
large panel (~400 gene) assay

Patient seen in medical oncology - what are the next steps to get molecular /
biomarker testing results? Options:

1) Send liquid biopsy

2) Order repeat tissue biopsy

3) Both

Plan:
= Liquid biopsy ordered in clinic on the day of the consultation.
= Repeat tissue biopsy ordered; scheduled in 3 weeks.

P Speaker; Christine M. Lovly, MD, PhD “7p9q ©@Christine_Lovly @TLCconference #TexasLung24
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A Challenging Case: 72yo F never smoker

= 3 weeks past; patient has her 2" tumor biopsy.
= A requests for extra cores was made prior to the biopsy procedure, in order to
maximize tumor material yield for required biomarker testing. 5 total cores
obtained.
= Pathologist review: tumor “borderline” quantity for NGS (with company #2)

= What now?

Options

1. The liquid biopsy result is enough to rule out actionable alterations. Start systemic therapy.
2. Order a third biopsy to attempt to get tissue NGS again before starting systemic therapy.

3. Send available material from the second biopsy for a smaller panel sequencing, requiring
less input material, focusing on the biomarkers with FDA approved indications only.

4. Send a liquid biopsy to a different company (for example, a company with more data
supporting fusion detection in the blood).

P Speaker; Christine M. Lovly, MD, PhD “7p9q ©@Christine_Lovly @TLCconference #TexasLung24
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A Challenging Case: 72yo F never smoker

The outcome of this case

= Through discussions with pathology and the testing companies, the second biopsy was
sent for smaller panel testing and FISH for fusions - still quantity not sufficient.

= Through discussions with the proceduralists, the patient did undergo a third biopsy with
even more keen focus on intra-procedural assessment of tumor quantity.

= The third biopsy was (barely) sufficient for tumor tissue NGS.
= |n discussions with the MSL for the testing company, the testing was able to be
‘expedited..

= The patient’'s tumor harbored a ROSI fusion - started on TKI.
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Closing Questions [
Topics for Discussion
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Thank you for the invite to your beautiful city!

| would be happy to discuss in more detail anytime!

@Christine_Lovly and Christine.lovly@vumc.org
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