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NEOADJUVANT SETTING: BASELINE CTDNA IS OF PROGNOSTIC SIGNIFICANCE

The NEW ENGLAND JOURNAL of MEDICINE
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GTONA GLEARANCE AFTER NEOADJUVANT TREATMENT IS OF PROGNOSTIC SIGNIFICANCE
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ADJUVANT SETTING: ROLE OF MRD IN NSCLG
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Pantel, K et al. Nat Rev Clin Oncol. 2019;16:409-424.
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TUMOR-INFORMED VS. TUMOR-NAIVE ASSAYS

Table 1. Studies evaluating circulating tumor DNA MRD in solid cancers

ctDNA MRD landmark ctDNA surveillance
Study Tumeor type Methodology Mutations monitored  Totalpatients  Sensitivity Specificity Sensitivity Specificity
Pengetal. 2020(111) Lung Amplicon NGS Multiple 48 50.0% 88.9% 66.7% 72.2%
Chaudhuri et al 2017 (62) Lung Capture NGS Multiple 37 94.0% 100.0% 100.0% 100.0%
Abbosh et al. 2017 (31) Lung PCR NGS Multiple 24 35.7% 90.0% 92.9% 90.0%
Moding etal. 2020 (20) Lung Capture NG5 Multiple 12 100.0% 100.0% — —
Garcia-Murillaset al. 2019 (113) Breast Digital PCR Single 101 = = 75.0% 921%
Coombes etal. 2019 (34) Breast Amplicon NG5S Multiple 49 55.6% 100.0% 88.9% 100.0%
Garcia-Murillas et al. 2015 (27) Breast Digital PCR Single 43 50.0% 96.0% 80.0% 96.4%
Olsson etal. 2015 (112) Breast Digital PCR Multiple 20 — — 92.8% 100.0%
Tie etal. 2016 (91) Colon Amplicon NGS Single 178 40.7% 98.0% 85.2% 98.0%
Tie etal. 2019 (92) Colon Amplicon NG5 Single 88 43.5% 92.3% — —
Wang et al. 2019 (114) Colon Amplicon NG5 Single 40 = = 100.0% 90.6%
Reinert etal. 2019 (26) Colorectal Amplicon NG5 Multiple 94 41.2% 96.1% 87.5% 983%
Parikhet al. 2021 (52) Colorectal Methylation and Multiple 72 55.6% 100.0% 69.0% 95.3%

Capture NGS

Scholer etal. 2017 (28) Colorectal Digital PCR Single 26 60.0% 100.0% 100.0% 100.0%
Diehletal. 2008 (107) Colorectal Digital PCR Single 20 100.0% 80.0% = =
Tie etal. 2018(89) Rectal Amplicon NGS Single 159 47.8% 94.1% - -
Khakoo et al. 2019(109) Rectal Digital PCR Multiple 23 75.0% 100.0% = =
Azad et al. 2020 (65) Esophageal Capture NG5 Multiple 15 55.6% 100.0% — —
Jiang et al 2020 (110) Pancreas Capture NGS Multiple 27 57.1% 92.3% = =
Sausen et al. 2015 (108) Pancreas Digital PCR Single 20 69.2% 42.9% — —
Christensen et al.2019 (35} Bladder Amplicon NG5 Multiple 66 21.4% 98.1% 100.0% 97.9%

NOTE: Clinical sensitivity (percentage of patients who relapsed in the follow-up period who were ctDNA positive) and clinical specificity [ percentage of patients who did not relapse in the follow-up period who
were ctDNA negative)were calculated for the first follow-up sample after completing definitive therapy (ctDNA MRD Landmark) or for repeated ctDNA analysis during follow-up (ctDNA Surveillance). Patients
who received additional therapy after ctDNA analysiswere excluded if noted in the study. —, notreported or unable to be calculated.

Cancer Discov. 2021;11(12):2968-2986. doi:10.1158/2159-8290.CD-21-0634
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ASSOCIATION OF PCR WITH MRD DETECTION
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MRD post-surgery is prognostic but neither predictive nor sufficiently sensitive for de-escalation decisions
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Use of Circulating
Tumor DNA for
Curative-Intent Solid
Tumor Drug
Development
Guidance for Industry

Additional copies are available from:

Office of Communications, Division of Drug Information Office of Communication, Outreach and Development
Center for Drug Evaluation and Research Center for Biologics Evaluation ana d Researc h

Food and Drug Administration Food and Drug Adminisiration

10001 New Hampshire Ave., Hillandale Bldg., 4* Floor 1091013 New Hampshire Ave., Bldg. 71, Room 3128
Silver Spring, MD 20993-0002 Sifver Spring, MDY 20993-0002

Phone: 855-543-3784 or 301-796-3400; Fax: 301-431-6333 Phone: 800-8335-4709 or 240-402-8011)
Email: druginfolafida hhs gov Email: ocod(ifda khs gov
h Jeda govidrugs/gui liance-regul; I . fida. aCe, hlood-
information/guidances-dugs e-regul -informatio
guidances

2 Adminisiration
10903 New Hamp: Ave., Bldg. 66, Room 5431
MY 20993-0002

U.S. Department of Health and Human Services
Food and Drug Administration
Oncology Center of Excellence (OCE)

Center for Devices and Radiologic Health (CDRH)
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)
November 2024

ctDNA MRD could be used for treatment optimization, to add
on therapy for patients who are at higher risk of disease
recurrence (i.e., ctDNA MRD positive) or to de-escalate therapy
for patients with lower risk of disease recurrence (i.e., ctDNA
MRD negative)

The MRD assay should have high sensitivity and negative
predictive value (NPV) for supporting de-escalation of
treatment and high specificity and positive predictive value
(PPV) for supporting escalation of treatment.

* MRD detection with 1st generation assays
has a high positive predictive value.
* Sensitivity remains a challenge
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APPROACHES TO IMPROVE LOD

v'  Sequence more genome Phased variants in ctDNA
v" Track more samples
v' Decrease error rate
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https://foresight-dx.com/wp-content/uploads/2024/08/ASCO_2024-Isbell_MSKCC- Nat Biotechnol. 2021 Dec;39(12):1537-1547
Poster.pdf



Il JORNADA TRASLACIONAL  heeie s s e e N
I - 1 N 1 I m [ ] ]
DF ONCOLOGIA DE PRECISION: Sefsest i es T T | T
| — r— r 1 r 1
13 1e1 1
© Responder (RCB 0/1) o
v 1710 7 © Non-responder (RCB 2/3) 2 17
Sequence more genome s to1
S 1/100 - G —1e1 4
v" Track more samples = g
] = —1e2 4
v Decrease error rate g 171k = e
v" Enrichment of minor alleles § 1/10k + g ~1e3 ] .
" 17100k 4 5184
E -
1/1M A = -1e5 °
A Create MAESTRO probes for up to 0+ ; _1e6 i .
10,000 genome-wide mutations WO W3 W12 W3/WO0 W12/WO0
Define mutations ® Weeks since start of treatment
Lengih: 20 - 40 bp .Ld%# # ]-# ] ***** .
aG=[-18,-14] '1._|_. "#‘l—l-. *l*_l
] ] .1_'_.,%—|—b — .
ns rm™mm
*x
At Extract DNA from Consiruct NGS Enrich Detect 14 — 1e1 -
/ | specimen library mutations mutations ©
' 1/10 4 ® 14
| ©
+ < X ol
d ™ _p  bead = g § 1100+ 5 -te1 ]
Top and bottomn * — =0 e} ;
strznd uniquely ‘\_l_. = Eg 1/1k < c -1e2
barcoded = — = S] g —-1e3 4
Mutant DNA | ee——— Duplex consensus E 1/10k o §
: = &
 — = = - 3
=== Normal DNA y— 1/100k 1 g 1ed
111M > -1e5 4
0 -

Nat Biomed Eng. 2022 Mar;6(3):257-266. doi: 10.1038/s41551-022-00855-9.

w3
Weeks since start of treatment

N
@
1)

W3/WO0 W12/WO0

https://doi.org/10.1016/j.annonc.2023.08.004



https://doi.org/10.1016/j.annonc.2023.08.004

Il JORNADA TRASLAUUNAJ_ éETSHm/EBZDKCLléNSV|AS I A (eI s I e uE I
DE ONCOLOGIA DE PRECISION: SULARIS,, i ot | e

APPROACHES T0 IMPROVE LOD

CIRI-LCRT

NSCLC patient timeline

Histology
Radiomics (Mld CRT ctDMA mnc

Pre-CRT Mid-CRT
risk factors risk factor

B Training PFS12 C Training PFS24 D Validation PFS12 E Validation PFS24
1.0+ — 1.0 — = 1.0 = —
0.9+ 0.94 0.94

L&) L)

:E 0.8+ g 0.8+ Z 0.8+ ::E

& 0.7+ T 07 & 071 S

S 0.6+ &S 06 5 0.6+ ¢ 06+
0.5+ 0.5+ 0.5+
0.4+ 0.4 0.4




A TRAVES DE LAS VIAS
DE SENALIZACION
SEVILLA, 12Y 18

DE FEBRERG DE 2026

||| JURNADA ]’RASLAC|UNAJ_ Il EEEE O EEEEENIEEN P 1 e N '
DE ONCOLOGIA DE PRECISION: ———— ___ — ___

APPROACHES TO IMPROVE LOD: TUMOR FRACTION. METILATION

Whole-Genome Methylation Sequencing

Sequence more genome

Track more samples NH; NH; .
H,C
Decrease error rate ) | =N 3 | =y ) [ —]
Enrichment of minor alleles JE A
N“ 0 N“ o

Integrate radiomics and other biomarkers
Combine variant detection with non-genetic features

R

DM& Methylation

DN NI NI NN

Call-free EM-saq MGS sequencing
DA [Methylation conversion)
. DMR not Control /
DMR associated . . e as
. associated with Constitutionally
with cancer .
cancer methylated region

oo e o e o oo OO0 ® 2 @ won o ®
LUﬂg ™ AT ATS ATRATR AT ATR TR AT ATRATS TR AT AT T ATAT ATRATH AT AT AT AT AT AT AT AT KT AT AT AT T AT AThATR AT AT A AT AT o7
Ca yADJAD'ARADADAINVERAN AR ANARS BARaNan aapan'aranananaran'anan e’ (Y [X AL AR AN MDA AR

ncer LAY SN LY AN AN WU '\__.:’f \WWEZA R (BEASRRNETA D ANEEA RN EFA RPN A | ANETA SN S AN AN TA R RNEY (A NETA R NIFA AP ARNEEAT A NEFA NI NI §|

C I ] o ® o} *® ® 99 ® W 0o ®

™ ATATH A THRATN AT '\__‘ FTINAT™ ATIATH AT \ T AT £ Th ' MATH ST \LA A Th ATH B, ATH .y i F ATh ATH
Normal LA AT EA U TEALTEX AL X LA X TIA X, A X A ALY AT DY IA ALY LA VAT TEAL X TEACT A T LAY | X

ANRLS AL NLS ALUVN LS AL N LY AL LY ALY LN AL NLA AL N LY ALY AL AL N LS L LS L LY ALV ALAINLY ALY S NS NN NN LS

O o9 © o} *® © o9 @ e o me ®
Normal, T\ /NN NI TNV TN NI I TN T TNV T N Y TN TN TN Y TN T IM MY TN TN TNV N T IV TV TN
Smoker ._l._\ .-._\ AULIAULYAULS ) ':‘"\.‘ AL AL AN .\_\ N .L._\ :-._\ AULIAU A A ) Al AN A AN .-._\ :-.\\ A AL LA ) }.._\

Used for ctDNA Excluded from Used as a control
detection and quantiﬁcaticm analysi-s in qua ntification

Quantifying ctDNA Using a Tissue-Free Test for Minimal Residual Disease (MRD) Detection.

Guardant Health



Il JORNADA TRASLAUUNAJ_ éETSHéﬁ/AE’BZDKCLléNsviAS I A (eI s I e uE I
DE ONCOLOGIA DE PRECISION: SIHAEIS,, e | S ————— e e |

APPROACHES TO IMPROVE LOD: FRAGMENTOMIGS

anov et al. BMC Genomics 2015, 16(Suppl 13151
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0.030 Tumour fragments
Non-random fragmentation patterns in circulating 0025 ]
cell-free DNA reflect epigenetic regulation [
Maxim Ivanov'#*", Ancha Baranova'#***, Timothy Butler®, Paul Spellman®’, Viadislav Mileyko'# % 0020
From The 7th International Young Scientists School <
Novosibirsk, Russia. 22-25 June 2015 g’
2 0015
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£
p . . . . 0.010
...Thus, opening a novel filed in biomarker research =2
that we may tentatively call “fragmentomics”....In this - ooe
paper, we employ high throughtput sequencing of
human cfDNA to analyze the properties of cfDNA 0000
fragmentation pattern‘S” CII 5:} 'IE;U 1;0 21.;} 25:0 3(130 3.‘:0 J(IID 4..':0 5'.';0

Fragment length (bp)
lvanov M et al. BMC Genomics 2015 Vessies et al., Molecular Oncology 16:2719-2732 (2022)
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TFable 2. Selected studies utilizing different fragmentomics approaches

Study

Fragment feature

Application

Technology

Key findings and limitations

Mouliere et al. 2018>*

Cristiano et al. 2019’

Uiz et al. 2019

Snyder et al. 2016

Esfahani et al. 20227°

De Sarkar et al. 2023°°

Sun et al. 2019”7

Jiang et al. 2020°°

Doebley et al. 20227

Fragment size difference between cancer
and healthy on a global level, 10 bp
oscillations on subnucleosomal level

Fragment size difference between cancer
and healthy on a regional level

Coverage at TFBS and TSS

Fragment endpoints, coverage near TFBS
and near TSS

Fragment length diversity at promoter
regions ‘promoter fragment entropy’,
coverage at regions near TSS
(“nucleosome depleted regions™)

Coverage at TFBS and TSS, nucleosome
phasing (periodicity of nucleosome
positions)

Strand orientation

End-motif frequency

TFBS coverage by fragment midpoint

Cancer diagnosis (pan tumor)

Cancer diagnosis (pan-tumor)

Prostate cancer subtyping
and early detection

Cell of origin

Diagnosis and subtype
classification (lung cancer,
diffuse large B cell lymphomal)

Prostate cancer phenotyping

HCC diagnosis and tissue
of origin

Cancer diagnosis (mainly HCC)

Cancer detection (pan-tumor),
breast cancer subtyping.

Shallow WGS, WES,
size selection enrichment

Delfi (WGS)

WGS

Windowed protection
score — WPS (WGS
inc single strand)
EPIQ-Seq (Targeted
sequencing, also
used WGS/WES)

Keraon, ctdPheno (WGS)

Orientation-aware
cfDNA fragmentation-
OCF (WGS)

WGS, WGBS

Griffin (WGS)

AUC 0.91-0.99 depending on cancer type.
Low sequencing depth (0.4x). Sensitive at
low MAFs (after size specific enrichment.
Only late-stage cancers

AUC 0.94 (Sens 57-99%, Spec 98%)
supervised model, non-age matched
controls

High tumnor fraction required

Single strand sequencing enriched shorter
fragments. Small sample numbers, high
sequencing depth required (~100x).
Composite model of PFE/NDR, Lung
cancer from healthy AUC 0.91 (training),
0.83 (validation), NSCLC subtype AUC 0.9,
DLBCL from healthy AUC 0.92 (training)
AUC 0.96 (validation). Requires disease
specific panels for EPIC-seq, less sensitive
at early stage

AUC 0.96 (90.4% sensitivity, 97.5%
specificity) for phenotyping. Lower limit of
8% and 3% tumor fraction required.
(ctDPheno/Keraon respectively)

67% sensitivity, 93.8% specificity for HCC.
Lower tissue fraction required than some
approaches e.g., ~5%. Based on known
open chromatin regions with limited
independent validation.

AUC 0.86 for HCC. Accurate at 4% turnor
fraction. Requires deep sequencing for
accuracy. Limited independent validation.
Ultra-low-pass WGS (0.1x). Cancer vs. non-
cancer: AUC 0.89 for 0.1x coverage. AUC
0.92 for breast cancer subtyping. Mainly
existing cohorts, limited independent
validation.

WGS, whole-genome sequencing; WES, whole exome sequencing; WGBS, whole genome bisulfite sequencing; TSS, transcription start site; TFBS, transcription factor binding site; HCC, he-
patocellular carcinoma; NSCLC, non-small cell lung cancer; VAF, variant allele frequency; PFE, promoter fragment entropy; NDR, nucleosome depleted regions; AUC, area under the curve.

https://doi.org/10.1016/j.xcrm.2024.101736
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Decrease error rate

Enrichment of minor alleles

Integrate radiomics and other biomarkers

Combine variant detection with non-genetic features
Increase the amount of cfDNA
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« CtDNA levels at baseline as well as ctDNA clearance are of prognostic significance in the neoadjuvant setting

« MRD monitoring can help identify cancer patients with excellent prognosis who may be candidates for
treatment de-escalation.

« MRD assays used for de-escalation should demonstrate high sensitivity and high negative predictive value
(NPV).

» Tst generation MRD assays provide high positive predictive value but may be less suitable for guiding
treatment de-escalation.

» Novel methods such as Phased-Seq and Minor Allele Enriched Sequencing show promise for improving MRD
measurement.

» While cfDNA profiling has traditionally relied on mutation detection, moving beyond mutations—through
fragmentation-based profiling—offers the potential for greater sensitivity.

« Approaches to improve DNA yield are under investigation and may improve LOD; EVs also show promise as
an alternative source

« Multimodal approaches (e.g., combining radiomics and ctDNA MRD) may enhance the prediction of survival
outcomes.
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