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Objectives

« Understand the principles of liquid biopsy as the
method of sampling tumor genome with its
advantages and disadvantages

« Identify different categories of liquid biopsy assays
currently available on the market and their
limitations

- Discuss different clinical scenarios where the use of
liquid biopsy may be beneficial in the workup of
cancer patients
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What is liquid biopsy?

+ Minimally invasive method of
sampling cancer genome using
blood sample

« Circulating analytes

» Circulating tumor cells (CTCs)
» Cell-free DNA (cfDNA)
= Circulating tumor DNA (ctDNA)

J Clin Oncol 2014;32(6):579-86.
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Collection H
» Whole blood in Streck Cell-Free DNA BCT _-_--—
» Two tubes of blood, yielding approximately 7-10mL of plasma :
should be collected from each patient il Lh
» Mix by gentle inversion :
» Stability: ambient or refrigerated 5-7days
* Plasma separation h
« cfDNA extraction i__ ’ im_
we BN\
https://www.streck.com/products/stabilization/cell-free-dna-bct-ivd,
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Liquid vs tissue biopsy
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Types of liquid biopsy assays

Singlegene ive  La
i# of genes 1 (may include few hotspots) <100 (e.g. 73) Lots (e.g. >324)
Methodology QPCR, ddPCR, other NGS NGS
Types of alterations SNV +/- indels SNV, indels, CNV, and SNV, indels, CNV,
detected rearrangements rearrangements, bTMB, MSI,
and tumor fraction
FDA approved assay* - Cobas £GFR Mutation Test v2  Guardant360® CDx FoundationOne® Liquid CDx
(Roche)

- Therascreen PIK3CA RGQ
PCR Kit (Qiagen)

Other assay examples  ddPCR assay detecting BR4F  Assay to detect alterations in Assay to detect pan-cancer
V600E mutation NSCLC alterations

*I have no commercial ties to these companies

ONV - copy number variant; BTMB - blood tumor mutation burden; MSI — microsatelite instabilty
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Case 1: Young Asian female, non-smoker

« Diagnosed with lung adenocarcinoma on small tissue biopsy
» Few stains were performed to confirm diagnosis
» No tumor left in the tissue block

« Clinician is requesting molecular work-up

* Questions
» Is re-biopsy necessary since diagnosis is already established?
» Can liquid biopsy be used in the setting of primary molecular workup?
» If yes, which type of liquid biopsy assay should be used?
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Liquid biopsy in NCCN guidelines (1.2022)

« Plasma cf/ctDNA testing should not be used to diagnose NSCLC

« cfDNA can be used in specific circumstances if:
» The patient is not medically fit for invasive tissue sampling
» There is insufficient tissue for molecular analysis and follow-up tissue-
based analysis will be done if an oncogenic driver is not identified

« Careful consideration is required to determine whether cfDNA
findings reflect a true oncogenic driver or an unrelated finding (e.g
clonal hematopoiesis of indeterminate potential (CHIP))
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How does liquid bx perform in this setting?
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TABLE 1. The 2-x2 Table: Tissue as the Testing Standard

Testing Result Tissue Positive Tissue Negative
Plasma positive: TP FP
Plasma negative FN TN

NOTE. Sensitivity = TP / (TP + FN); specificity = TN / (TN + FP);
PPV = TP/ (TP + FP); NPV = TN / (TN + FN)

Abbreviations: FN, false negative; FP, false positive; NPV, negative
predictive value; PPV, positive predictive value; TN, true negative; TP,
true positive.

Clinical Utility of Comprehensive Cell-free DNA
Analysis to Identify Genomic Biomarkers in
Patients with Newly Diagnosed Metastatic

« Multicenter, prospective
« 282 patients with biopsy proven, previously untreated, non-squamous
mNSCLC (stage I11B/IV) undergoing physician discretion standard of care
tissue genotyping were included in final analysis
» All patients underwent cfDNA testing
« Eight guideline-recommended biomarkers were evaluated: £GFA mutations,
ALK fusions, ROST fusions, BRAFV600E mutation, RET fusions, MET
amplification and MET exon 14 skipping variants, and £RBB2 (HERZ)
mutations
» Tissue genotyping may include NGS, PCR "hotspot" testing, FISH and/or IHC,
or Sanger sequencing
» cfDNA genotyping by 73 gene NGS panel
Clin Cancer Res. 2019;25:4691-700.
U HEALTH

- Only 18% (51/282) of patients had
complete tissue genotyping for all 8

- quideline-recommended genomic

. biomarkers
- 2/3by NGS

- - 1/3 by sequential individual biomarker

testing
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Table 24. Guideline-recommended genomic bimarker pasitivity by sample

type
Guldeling-recommended blomarker posHIvIty
by sample type Tissue
Foditive_Negative Towal
onA Postie TR 6 + Biomarker detection in tissue vs cfDNA
Negative Q s 205 - 213% vs. 27.3% P < 0.0001 for
Tota S0 m  m noninferiority

For tissue, negative includes samples that were negative for all biomarkers
of intere INS for all biomarkers, and/or biomarkers were not assessed.

Clinical sensitivity 80% (48/60)

Adding cfDNA increased detection by 48%,
A Dutecionof the s et secommended bmarkers from 60 to 89 patients
" e s WA A

CcfDNA median TAT was significantly faste
)

than tissue (9 vs. 15 days;
89 patients

Prospective Clinical Validation of the
InVisionFirst-Lung Circulating Tumor ONA Assay
for Molecular Profiling of Patients With Advanced
Nonsquamous Non-Small-Cell Lung Cancer

« Multicenter, prospective study of 264 patients with untreated
advanced NSCLC (stage I11B/1V)
» 178 patients underwent plasma and tissue profiling (within 12 weeks)
» 86 patients underwent only plasma profiling
« Looked at clinically relevant gene mutation hotspots: EGFRexons 18-
21, BRAF V600, METexon 14, ERBB2ins 20, KRAS, and ALKand
ROST structural variants, and STK77
» Plasma profiling was done by NGS panel detecting genomic alterations
in 36 commonly mutated genes
» Tissue profiling was done by 532 gene NGS panel or when tissue
insufficient by other methods

pr 26;3:P0.18.00299
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+ Tissue genotyping for at least one genomic alteration was successful in 67% (178/264) patients
+ Tissue genotyping for all 8 genes was successful in 36% (95/264) patients
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TABLE 3. Summary of Tssue Concordance Data

Aersion Tissue ami Plasma _ Tissue Only _ Plasma Only  NoGall PPV WPV | Semsitviy _Specifiiny
ALRAOST fusiars z 5 o 29 w00 w0 | a0 000
BRAF VEOOE 5 z o 0 1000 986 14 1000
EGER (oxons 1821) 13 5 a 1% 1000 7 72 1000
FRBB2 o 2 - 2 o o 17 w00 100 | 1m0 1000
weas a8 1z [ B a0 es | @0 £
METAex1d 3 3 a 133 100.0 978 500 1000
STRI 15 6 1 93 938 938 74 89
Key siaht ganes = 3 2 w7 o078 971 79 %98
Al ganes 1% & 32 415 80 s 706 ER

TABLE 4. Summary of Actionable nd Rule-Out Status L

Liguid Biapsy ata N = 264

1800299,

HEALTH

Class elass Plasma (No)  Plawma (%) Tissue (Ne)  Tissus (%)
Actionable 48 1818 ] 1439
EGFA exns 1821 2% 985 18 682
ALIROS] fusions E 189 5 189
ERBEZ exon 20 inserfions [ 152 2 076
BRAF VE00E 6 227 7 265
MET exon 14 spice 7 288 & 227
KRAS/STH1] and no aclionabe a1 3561 0 2652
Testing compicie 264 100.00 178 6742

* 18.2% of patients tested by liquid biopsy had an actionable change detected
« Additional 35.6% had genomic alteration generally mutually exclusive with

actionable alterations

« 53.8% of patients had an informative result that could prevent the need for
additional invasive biopsies (rule-in/rule-out approach)

20

« Single-center, prospective study of 323 patients with stage IV NSCLC

(histologically confirmed)

2019 Apr 26;3:P0.18.00299

U HEALTH

Clinical Implications of Plasma-Based Genotyping

yof
Non-small Cel Lung Cancer

« Looked at alterations detected with plasma and tissue NGS
» Therapeutically targetable: EGFR ALK MET, BRCAT, ROS1, RET, ERBBZ, or
BRAF

» Clinically relevant: above + KRAS

« Patients had plasma testing ordered as part of routine clinical management
» Plasma was analyzed by 73 (70) gene commercial NGS panel

» Tissue was analyzed by various NGS panels

= 15 at outside institution, 64 by in-house 153 (47) gene panel, 49 by in-house 20 gene

panel
AR[P
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Figure | Patient Envalmers and Testing Flrwchart

KRAS + below

EGFR, ALK, MET,
BRCAI, ROST, RET,
ERBBZ, or BRAF
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Figure 4. Plasma-Based Indicators of Response to Plasma Next-Generation Sequencing (NGS)-Indicated Therapy

[&] correlation of RECIST and AF
60

3

.
[ . 36/42 (85.7%) patients with evaluable

¢ results achieved either a complete response,
o ° a partial response, or stable disease

Change in Target Lesion,

15 30 a5 60
Plasma AF, %

No correlation between these 2 variables
JAMA Oncol 2019,5(2):173-180.
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Conclusions from these studies

« Comprehensive, sensitive, and specific cfDNA test identifies
guideline-recommended biomarkers at a rate, at least, as high as
standard of care tissue testing and returns these results significantly
faster and for a significantly higher proportion of the population
(Leighl)

« The liquid biopsy NGS assay demonstrated excellent concordance
with tissue profiling and its use led to the detection of 26% more
actionable alterations compared with standard of care tissue testing
(Pritchett)

« Liquid biopsy can improve delivery of therapy and, consequently,
outcomes (Aggarwal)
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sreor e i concst e
Liquid Biopsy for Advanced NSCLC: A Consensus

Statement From the International Association for
the Study of Lung Cancer

Case 1: Young Asian female, non-smoker

« Liquid biopsy is ordered (comprehensive panel)
» EGFRexon 19 deletion is detected

« Patient receives TKI therapy with good clinical response

AR[P.
26

Case 2: 50-year-old male

Diagnosed with lung
adenocarcinoma Liquid bx (targeted) detected
EGFRTT90M mutation

« Intially reated with radiation oy
) + Patient started on Osimertinib.

(Stageis Patient started progressing

early2016 i 2018
2015 2017 2019
Started on Erlotinib (his tumor Liquid bx testing confirmed
had £GFRexon 19 deletion) EGFRexon 19 deletion, but did

not detected T790M mutation
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How does liquid bx perform for resistance
mutation detection?

28

Datection of T790M, the Acquired Resistance
[EGFR Mutation, by Tumor Blopsy v
Noninvasive Blood-Based Analyses

B Study subjects

2

02 10 12 19 25 35 22 31 17 04 29 08 05 41 03 32 40 11 36 07 % agreement

Concurrent biopsy 60 ‘%;;“am 39-79)

The resistance-associated mutation was detected in 47% to 50% of patients using each of the genotyping assays,
with concordance among them ranging from 57% to 74%

Fes. 2016 Mar 1:22(5):1103-10,
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Plasma ctDHA Analysis for Detection of the
EGFR T790M Mutation in Patients with Advanced
Non-Small Cell Lung Cancer
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J Thorac Oncol. 2017 Jul12(7):1061-1070.
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NGS Tumor Tissue  NGS Plasma T790M

T790M Status Status

T790# Detected with cobas Plasma Test but
Study Not Detected with cobas Tissue Test Positive  Negative Positive  Negative
AURK extension 5 Tof s o5 50i5  0of5

2 Bof22 14ef22  18ol22 3of22
Pooled AURA extension and AURAZ 27 of27 150f27  230f27  3of27
“0ne AURA extension tissue sampie had Irvalid NGS test.

“One AURAZ plasma ssple ot tested by NGS

NGS, fext:generation sequencing

J Thorac Oncol. 2017 Jul12(7):1061-1070,
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circulating tumor DNA for the
detection of EGFR-T790M mutation
inNSCLC:a
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Table 1. Characteristics of Trials Included i the Met
NGS: next-generation sequencing Cl: confidence
predictive value.
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- Analysis, KT-PCR real-t al-PCR:
rvals PPV: pasitive predictve vabue: NPY: negative

8 Sep 6:8(1)
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Figure 2. Forest plots of sensitivity and specificity of tDNA for the detection of EGFR-T790M mutation; *RT-
PCR; **dPCR

Rep. 2018 Sep 6:8(1):13379.
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Case 3: 36-year-old male

« No significant past medical history

« Presents with enlarged L supraclavicular lymph node (present for 2
months)
« Excisional biopsy (L deep cervical lymph node) at outside hospital:
» Malignancy with features consistent with metastatic melanoma

» IHC stains positive for Mart1, MITF and HMB45, variably positive for
S100 and CD117, and negative for pan-cytokeratin, p16, CD45 and PAX8

AR[P U HeaLTH
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Case 3: 36-year-old male

« Patient presents to HCH for a second opinion and to establish care
» Abdominal pain, nausea/vomiting and anorexia
» Staging PET-CT (outside)
» Numerous hypermetabolic left-sided lymph nodes, metastatic disease
in the liver, spleen, bone and the left psoas muscle. Brain MRI showed
no intracranial metastasis

* BRAFtesting was not done on the tumor at the outside facility. BRAF
cfDNA liquid biopsy is ordered with the following treatment plan:
» If BRAF positive: pembrolizumab/dabrafenib/trametinib
» If BRAF negative: nivolumab/ipilimumab

AR[P U HeaLTH
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ddPCR \ o
o
» Many thousands discrete independent ‘%’-@
measurements 5
« Absolute quantification (absolute count of target

DNA copies per input sample) e

« Great precision (reliable measurement of small fold

differences) .
« No calibration standards (for standard curve) !
required it Lo,
H
- -~
hem. 2011 Nov 15;83(22):8604-10. ==
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No template controf

MUT signal

WT signal

Patient sample ** [~ T i
. * | 2186 droplets
o % VAF of 41.94%

110338 copies/mL

MUT signal

WT signal
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Case 3: 36-year-old male

» The same day test result come back patient starts therapy with
dabrafenib/trametinib
» Patient starts pembrolizumab few days later
» Symptoms improved

« Year later he continues therapy and has relatively stable disease

U e
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What if his test came back negative?

« Know the limitation of the assay ordered i.e. which BRAFmutations
are detectable with a given design:
» E.g. assay performed in this case only detects BRAFV600E
» In negative cases retesting with an assay designed to detect other
BRAFV600 variants (K/R/M/D/G) is recommended
« NCCN guidelines (v1.2022) for cutaneous melanoma
» Molecular testing on tumor tissue is preferred, but may be performed on
peripheral blood (liquid biopsy) if tumor tissue is not available

U HeaTh
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Case 4: 2-year-old girl

« Established diagnosis of multisystem Langerhans cell histiocytosis
(LCH)

» BRAFV600E positive on tissue (outside result)

« She underwent multiple cycles of chemotherapy and is now for the
first time in remission based on radiology (question of residual CNS
involvement)

« The test was ordered to access the mutation burden

» If negative, she was going to be done with chemo for now
» If positive, she has an option of starting off-label BRAF inhibitor (already
approved by insurance)

AR[P U HeaLTH
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Molecular basis of LCH

iG] Patiors

Figure 2, IWAPK pathway musations ideniifid in LCH patients. Blood. 2014124(1
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Case 4: 2-year-old girl

« Discussed this result with an ordering physician as very low
positive/borderline

« The physician plans on monitoring this patient in the future with this
assay

46
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Circulating cell-free BRAFY*"°F as a biomarker in children with
Langerhans cell histiocytosis

British Journal of Haematology. 2017,178:457-467.

(A) « After first-line vinblastine-steroid
induction therapy, 7/7 (100%) of the
non-responders remained positive for
ccf BRAF V600E compared to 2/4
(50%) of the partial-responders and 0/4
of the complete responders

Six children treated with vemurafenib
showed a clinical response that was
associated with a decrease in the ccf
& BRAF V600E load at day 15
001% s « ccf BRAF V600E is a promising
biomarker for monitoring the response
to Lheragy for children with RO+ MS
Megative s -— LCH or RO- LCH resistant to first-line
55 LCH MSRO-LCH  MSROsLCH chemotherapy
ne21 n=1z a=15

14% 100%

10%

BRAF 5 3llgle load

British Jou
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Case 4: 2-year-old girl

12/2019 See note* 0.07 3
6/2020 Detected 022 18
2/2021 Not detected

8/2021 Not detected

11/2021 Not detected

* An extremely low level of BRAF V600E mutation was detected in the BRAF gene. This result
should be interpreted with caution and in the context of all other clinical data.
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Summary

« Liquid bx can be suitable alternative sample source when:
» Tissue is unavailable for molecular testing
= Will identify patients who can avoid re-biopsy
= Negative results must be confirmed by tissue-based testing
» Fast results are needed, especially if there is no tissue in house
» For monitoring to avoid repeat invasive biopsies
« Liquid bx has problematic clinical sensitivity, but great specificity
« There are different types of liquid bx assays, know what you are
looking for before ordering
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