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Topic Key Findings

Preanalytical variables for ctDNA specimens * Evidence suggests that plasma is the optimal specimen type for ctDNA analysis.

* Evidence supports the use of either cell-stabilizing tubes or EDTA anticoagulant
tubes. However, EDTA tubes need to be processed as expediently as possible within
6 hours of collection. Leukocyte stabilization tubes allow up to 48 hours from
collection to processing, and longer with some tubes.

* Further studies are required to address other preanalytical variables that may affect

ctDNA testing, including specimen collection, handling variables, storage condition
and time, and patient-related biologic factors.

ker JD, et al. Circulating Tumor DNA Analysis in Patients With Cancer: American Society of Clinical Oncology and College of American Pathologists Joint ReviewArch Pathol Lab Med. 2018
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Comparison of methods for circulating cell-free DNA isolation
using blood from cancer patients: impact on biomarker testing
Clara Pérez-Barrios'*, Irene Nieto-Alcolado™, Maria Torrente’, Carolina Jiménez-Sinchez’, Virginia

Calvo’, Lourdes Gutierrez-Sanz’, Magda Palka’, Encarnacién Donoso-Navarro', Mariano Provencio’,
Atocha Romero™
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Technique Sensitivity Optimal Application Real-time PCR-based APCR-based BEAMing
Sanger sequencing >10% Tumor tissue
Pyrosequencing 10% Tumor tissue "',‘":’?":" P - v
Next-generation seqeuncing 2% Tumor tissue ' t - :
3 I . v
. . o - ey
Quantative PCR 1% Tumor tissue . ————
ARMS 0.10% Tumor tissue NGS-based Others
- ey
BEAMing, PAP, Digital PCR, TAM-Seq 0.01% or lower ctDNA, rare variants in tumor tissue Vendrell JA et al.Circulating Cell Free Tumor DNA Detection as a Routine

Tool forLung Cancer Patient Management. Int J Mol Sci. 2017;18(2)
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Technique Sensitivity Optimal Application
Sanger sequencing > 10% Tumor tissue
Pyrosequencing 10% Tumor tissue
MNext-generation segeuncing 2% Tumor tissue
Quantative PCR 1% Tumor tissue
ARMS 0.10% Tumor tissue
BEAMing, PAP, Digital PCR, TAM-Seq 0.01% or lower ctDNA, rare variants in tumor tissue

Diaz LA . J Clin Oncol. 2014 Feb 20;32(6):579-86.
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Guardant 360 (Guardant Health)
FoundationACT (Foundation Medicine)
AVENIO ctDNA Targeted Kit, ctDNA
Expanded Kit and ctDNA Surveillance Kit
(Roche Diagnostics)

Oncomine Lung cfDNA Assay (Thermo
Fisher Scientific

NEOliquid (New Oncology)

Reveal ctDNA 28 Kit (ArcherDX)
OptiSeg™ Pan-Cancer Panel (DiaCarta)
PlasmaSELECT™-R 64 (PGDx)

. NGS 1-0.002% time Expensive Signatera“" RUO (Natera)


https://www.ncbi.nlm.nih.gov/pubmed/24449238
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Different line different patterns....

Gene Mumberof  Baseline Emargent __i;\;e_né;t_t“s-org_l;}:_t-; ;axplore differences between mechanisms of
patients _ahterstions _alterafions innate and acquired resistance. Patients with innate resistance B
Crars 'C:i were defined as those with PFS shorter than 3 months, while
EGFA 3 ATEOP (1) mﬁaﬂ 51; patients with a PFS longer than 3 months were considered as 'g
E705K (1) having acquired resistance (Methods). Interestingly, we observed = 2
E542K (3) distinct patterns of genomic alterations in patients with innate 5 a
PrkacA 5 ES4EK (1)  ES45K (%) versus acquired resistance. Specifically, pre-existing copy-number ki s
EBIK (1) gains in MET, ERBB2 and EGFR were significantly more common g £
G1zA (1) in patients with innate resistance (n=15), and conversely, 8 2
R & m {:l emergent or increasing SNVs were more common in patients H 8
comza oraa () v 8 with acquired resistance (n =28; Fig. 2c, P<0.005, Fisher's exact E e ;
B 2 GsaT (1) A7ETQ (1) test). This suggests that detection of copy-number gains leading 40 0 60 120 180 240 300 360 420
ALK 1 A10610{1) to EGFR bypass pathway activation before third-generation Study day
::’T : oraa Lo EGFR TKI therapy may allow identification of patients likely to
i harbour innate resistance. — 5D — T7o0M - —_Del 19
Chabon JJ. Circulating tumour DNA profiling reveals heterogeneity of EGFR inhibitor resistance mechanisms in lung
cancer patients. Nat Commun. 2016 Jun 10;7:11815 D
o _ _ o £ M0 10,000
A This yielded 25 parients with pretrearment T790M/activaring E | -
. . . 2 A 5 o0 E
R=-0.596 mutation allele frequencies that could be used to estimarte the 5 100 .\r’*_' A I
o P=0.0017 fraction of T790M-positive cells within the biopsy. For each 2 s | e et 100 LEL
. . P ! E i ;
I patient, we compared this ratio with the maximum tumor 2 0 v w 1
° . ® shrinkage observed during rociletinib treatment (Fig. 3A and - 3 @ | //'* — . :‘;l
< . ; 3 - e
S ’ . . Supplementary Table 53). This analysis revealed a highly sig- E 2 ' 1
& -20 W . - . . . . - @0 ND
= *Q mificant relationship showing cancers with a higher baseline 30 0 30 60 90 120 150 180 210 240 270
aé 0 * fraction of T790M-positive cells had greater tumor shrink- Study day
2" * age in response to roclenimb (P = 0.0017). Importantly, this [— 50— Troom ———Leser
é 20 * result suggests that a more quantitative assessment of T790M
100 + 1 itl I
e o o yon I:Iurd_en (as _OPPDSEFI toa b?na.ry pom!:we,"neganw test) may
Allele frequency of T790Mactivati provide addinional informarion regarding the degree to which i Zet al. Heterogeneity Underlies the
&g cyt ! ng o . . of EGFRT790 Wild-Type Clones Following Treatment of
mutation T790M-positive patients are likely to respond. T790M-Positive Cancers with a Third-Generation EGFR

Inhibitor.
Cancer Discov. 2015 Jul;5(7):713-22.
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Tumor burden monitoring using cell-free @ e
tumor DNA could be limited by tumor
heterogeneity in advanced breast cancer

and should be evaluated together with
radiographic imaging

osé Angel Garcia-Sasnz Fatrl fia Ayllan, M \arion L-zlg Danial Acos L-)—E';.._-zgl_nr , Marta Garcia-Esquinas™,
M ,rlan ok Jnt . I_|I"]n Sarz”, Migusl [:.dr quin’, Femando Moreno', Vanesa Garc |-a-[:.drl eran ', Eduardo Diaz-Rubio ',

idad Caldes nd Atocha Romemo'

March 2014

September 2014

Garcia-Saenz JA et al. BMC Cancer 2017;17(1):210
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Original Article

Monitoring of Epidermal Growth Factor Receptor Tyrosine
Kinase Inhibitor-Sensitizing and Resistance Mutations in the
Plasma DNA of Patients With Advanced Non-Small Cell Lung

Cancer During Treatment With Erlotinib

Boe S. Sorensen, MS, PhD'; Lin Wu, MS, PhD? Wen Wei, MS, PhD?; Julie Tsai, BS?% Britta Weber, MD, PhD™*;
Ebba Nexo, MD, PhD'; and Peter Meldgaard, MS, PhD*

BACKGROUND: The feasibility of monitoring epidermal growth factor receptor (EGFR) mutations in plasma DNA from patients with
advanced non-small cell lung cancer (NSCLC) during treatment with erlotinib and its relation to disease progression was investigated.
METHODS: The amount of EGFR-mutant DNA was tested in plasma DNA from patients with advanced NSCLC with allele-specific po-
lymerase chain reaction assays. Blood samples from 23 patients with adenocarcinoma of NSCLC that carried tyrosine kinase
inhibitor-sensitizing EGFR mutations were taken immediately before treatment with erlotinib. Additional blood samples were taken at
timed intervals until erlotinib treatment was withdrawn. RESULTS: The amount of plasma DNA with sensitizing EGFR mutations was
found to be reduced after the first cycle of erlotinib treatment in 22 of 23 patients (96%). No patients presented with the resistant
T790M mutation in the pretreatment sample, but at the time of disease progression the mutation was detected in plasma from 9
patients (39%). The quantitative data from the current study demonstrated that when a T790M mutation emerged in the blood it was
accompanied by an increase in the original sensitizing EGFR mutation. When T790M was detected, it was found to be present in all
subsequent blood samples from that patient. Most interestingly, the results of the current study demonstrated that monitoring the
EGFR mutations in the blood allows for the detection of the T790M mutation up to 344 days before disease progression is clinically
evident (range, 15-344 days). CONCLUSIONS: The results of the current study demonstrated that serial monitoring of EGFR muta-
tions in plasma DNA is feasible and may allow for the early detection of resistance mutations. These results warrant further studies to
explore the clinical usefulness of such analysis. Cancer 2014;120:3896-901. ©@ 2014 The Authors. Cancer published by American Cancer
Society. This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly cited.

KEYWORDS: epidermal growth factor receptor (EGFR) mutations, plasma DNA, erlotinib, lung cancer, resistance.
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a
Population N (%) PFS HR (95% CI)

bTMBzs 441 (76) ot 0B 0708 Blood-based tumor mutational burden as
bTMB > 6 371 (64) —— 0.83 (0.67-1.03) . . . oy e
bTMB>E  302(2) —e—{ om0e-10) a predictor of clinical benefit in non-small-cell nawre,,
bTMB = 10 251 (43) —— 073 {0.56-0.95) I . d . h | . b medlclne
bTMB = 12 211 (36) — 0.73 (0.54-0.97)
iy i BN opod! ung cancer patients treated with atezolizuma
bTMB = 16 158 (27) — 0.65 (0.47-0.92)
bTMB > 18 136 (23) ——— 0.66 (0.46-0.95)
bTMB = 20 106 (18) — 0.61 (0.40-0.93)
bTMB > 22 84 (14) * 0.57 (0.35-0.91)
bTMB = 24 69 (12) —— 0.54 (0.32-0.91) Tissue only Blood only
bTMB > 26 54(9) * 0.51 {0.28-0.95) (N = 230; 25%) (N = 242; 26%)
BEP 583 (100) — & 0.87 (073-1.04)
ITT population 850 —4—  0.95(0.82-1.10)
02 1.0 15 Shared variants
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Source of bias. Clonal haematopoiesis

«  CHIP is defined by the presence of somatic mutation in blood orBM b B
without other diagnostic criteria for a haematological malignancy. ‘ \ h
* More frequent in aged patients, patients with solid tumours &

Baseline 6.5 months

*  More likely to be detected with deeper sequencing approaches.
* May account for false positive ctDNA sequencing results. A h
20 months
&) ___» PlasmaclIONA Cg ¢ - EGFR exon 19 del
N 1.2% AF 3 +e KRAS G12D
o . CD45+/C019+ — B-Calls: 2.4% AF s
by Moenocytes: ND §_
2 \Jmmu‘:;; ir:wm EF%SLWMS:H%AF =, CDA45+/CO3+/CDB+ ~ Cytolosic T cells: 0.9% AF =
< - CD45+/CO3+/C04+- — Helper T cells: 1.6% AF 3
Granulocyles: ND E
CO45+/COB-ICD4- - w3 T Cells: 4.4% AF §
2

0 5 10 15 20

- ) - Time on treatment (months
- Hu Y et al. False-Positive Plasma Genotyping Due to Clonal Hematopoiesis.Clin Cancer Res. 2018 Mar 22. ( )
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Frequency by cancer type
The Circulating Cell-free Genome Atlas Study (CCGA)
skin Cancer, Nenmelanoma (n=172) 2
Non-small Cell Lung Cancer (n=2621) a
25+ : Number of WBC-Matched Nonsynonymous Mutations per Mesothelioma (n=177)
— Clonal hematopoiesis with Patient in cfDNA Melznoma (n=650)
candidate drivers Hapatocellular Carcinoma (n=165)

Pancreatic Cancer (n=059)
204 — Clonal hematopoiesis with . Head znd Neck Carcinoma (n=287)
unknown drivers Blllary Cancer (n=367)
ying Thyrold Cancer (n=308)

— Clonal hematopooesls Cancer of Unknown Frimary (n=474)
Bladder Cancer (n=580)

Ovarlan Cancer (n=427)
Esophagogastric Carcinoma (n=432)
Colorectal Cancer (n=1538)

Breast Carcinoma (n=2505)
Appendiceal Cancer (n=121)

Renal Cell Carcinoma {n=450)

Uterine Sarcoma {n=130)

Endometrial Cancer {(n=575)

Prostate Cancer (n=1069)
Gastrointestinal Stromal Tumer {n=210)
Small Cell Lung Cancer {n=145)
Soft-Tlssua Sarcema (n=674)
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Charles Swanton et al. Journal of Clinical Oncology 36, no. Patients With Any Mutation, %

Genovese G., et al. 2014 NEJM 15_suppl (May 20 2018) 12003-12003.

Ptashkin RN et al JAMA Oncol. 2018 Jun
5.
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