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Plasma DNA Methylation Detection on screening detected Small nodules
A new level of sensitivity (163 cancer, 83 benign)
Stage | NSCLC nodule size (all < 3.0 cm)

Plasma Sensitivity Specificity PPV NPV AUC 95% CI

CDO1 63% 83% 88% 53% 0.78 (0.71 - 0.83)
TAC1 68% 70% 81% 57% 0.71 (0.64 - 0.78)
SOX17 68% 86% 90% 57% 0.82 (0.76 - 0.87)
HOXA7 55% 87% 89% 50% 0.73 (0.67 - 0.80)
CDO01, TAC1, SOX17 89% 61% 82% 74% 0.85 (0.81 - 0.91)
CD01, HOXA7, SOX17 90% 71% 86% 78% 0.88 (0.84 - 0.93)
CD01, HOXA7, SOX17  Sensitivity ~ Specificity PPV NPV AUC 95% Cl

T 2.1-3.0 cm 91% 90% 96% 81% 0.95 (0.57 - 0.84)
T1.1-2.0 cm 74% 93% 90% 63% 0.92 (0.74 - 0.94)
T 0-1.0cm 64% 82% 82% 64% 0.75 (0.62 - 0.89)

CDO1, SOX17, TAC1
TO0-10cm 1% 82% 83% 69% 0.81 (0.69 - 0.93)

Chen et al, Clinical Epigenetics, 2020



Microfluidic Digitization

Increasing Sensitivity further using 4096-well array _ _ _
Combined with DREAMing
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MiRNAs for the diagnosis of lung cancer among IPNs
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180 nodules

down in NSCLC (PMID: 20595154)
Selected as

top 10 genes

>90/100

Poor prognosis in early state ADC (PMID:
25003366)

Regulating EMT,
Regulating EMT, ADC specific miRNA (PMID:

25695220) 70-90/100

Targeting PTEN in late stage NSCLC
(PMID:29362431)

SCC specific miRNA (PMID: 25695220)



Linking the “field” to the premalignant lesion via the
Lung Pre-Cancer Atlas (su2c bream Team; NCI PCA; JNJ)

Study Design Biopsy-derived Bronchial Brushes Reflect Lesion
Molecular Subtypes Proliferative Subtype

Bronchial brushings Longitudinal Resampling
of normal appearing
mainstem bronchus

Bronchial biopsies
of abnormal

appearing areas

Baseline 12 mo. 24 mo.

Severe Carcinoma in situ Invasive

BIOpSieS 3704 Sens.
91% Spec.

Beane et al. Nature Communications. 2019.
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PBMC mRNA-based markers for early
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MRNA Lung Nodule classifier from whole blood
training set n=400 , Testing set n=133
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New NanoString Classifier

420 Probes (380 diagnostic, 20 Housekeeping, 20 prognostic)
( Probe IDs to be standardized in all batches of reagents as for a clinical test

U Artificial internal standard (Single-Patient Reference-Based Strategy for Batch Effect Correction: PLoS ONE
2015) duplicates run on each cartridge

410 samples for Stage 1 development (selecting best probes)
(150% MN and 50% BN

(1250 samples for Training (Done) 160 samples for Testing (in progress)

 Select the most informative probes

Stage 2: Finalize a classifier with smallest number of probes returning highest
accuracy

L Order new custom panel
 Test 1400 samples including LTP2 samples

confidential



NYU BDL

Harvey Pass
Haining Yang

Best ROC curves

Harvey Pass, MD Haining Yang, MD, PhD

Blood-based biomarkers for early
detection of mesothelioma
and lung cancer
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NYU-Hawaii BDL: Fibulin 3 plasma levels for Diagnosis of MPM

e Mesothelioma

° N eW E LI SA d eve | O p e d at N Y U Blinded Validation University Pennsylvania
o o o All NYU Meso Plasma (115) Vs All Non Meso Plasma (192) MM (61) vs Non Meso High Risk (34
with Fibulin mAB mAB428.2 . i

’ ‘ Meso Pre (ven) ‘ Meso Intraop (Art) ‘ All Meso (ven&art)

N 47 89 115
Sinai Asbestos Exposed (ven) 110 0.986 0.915
Yale Non Meso PE plasma (ven) 36 0.950
NYU Non Meso PE Plasma (Art) 48 0.899 0917
NYU Non Meso PE Benign Plasma (Art) 15 0.865 4 T
Non Meso PE Cancer Plasma (Art) 33 0.896 MM [ R A A
100-Specificity 100-Specificity
All Non Meso (ven & art) 194 0.929

307 95



NYU-Hawaii BDL: IL-18 predicts Recurrence in pStage | ADC

Plasma IL-18 at Surgery forecasts recurrence if level is >35 ng/ml (all patients with at least 5-year follow-up

il18 Levels in Stage | Adenocarcinoma
5-year Endpoints

Time to Recumence Stage | Adenocarcinoma

Time to Recurence Stage | Adenocarcinoma
Five Year Endpoints Stratified by IL18 Cut-Off
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Discovery: Buffy Coat Immunotranscriptomics
No Recurrence vs Recurrence

* Blinded Validation Sought:

- ::::::::88;148 PT(::vjsipTuj T * Pierre Massion, in Progress
commen | T  Any other EDRN sites?
e NLST???
) * Future Questions
I e iz * Where is the IL-18 coming from?
e ST * [HC
B 3 ... """"""""" S — « Digital Spatial Profiling
. = * In Vitro Co-Culture Experiments




Moffitt CVC

Schabath

Gillies SO oGl mbnemO  slee o
Heine

Lee Developing an End-to-End Deep Learning Pipeline

for Incidentally-Detected Pulmonary Nodules

Best Intelligence, somehow artificial
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Incidentally-Detected Pulmonary Nodules (IPNs)

IPNs encountered commonly in routine cross-sectional Schema of IPNs over 11 years (N>31K)
imaging: ~1.5 million adults/year

Challenges to manage IPNs parallel challenges in lung
cancer screening:

n ion/Exclusion eria
IPN International Classification of Diseases Codes (ICD)
ICD-9 (793.1, 793.11 & 793.19) 2008-2015 = 10,982
ICD-10 (R91.1 & R91.8) 2015(0ct)-2020{May) = 28,174
Total number of unique patients 2008-2020 = 35,525

. 5 T
PY IPN dx patients: IPN dx patients: IPN dx patients:
With LUNG CA dx in With other CANCERS Mon-CANCER Patients
Cancer Registry # of Unique patients = 28,508 (No documentation in
. . # of Unigue patients = CR or ICD diagnosis)
» aggressive behavior of the cancer
T . 2,028
IPN dx patients: IPN dx patients with lung cancer dx VN
Diagnostic confirmation method = Diagnostic confirmation method £ / N
Positi istolog Positive ogY 2 Ll
ts = 6 1,134 patients 854 patien;
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An End-to-End Deep Learning Pipeline

« Conventional radiomic pipelines:
« Advantage: very successful at classifying nodules at the

pixel/voxel level

« Disadvantage: Bottlenecks in image curation, image

segmentation, feature extraction, QA/QC/analysis

« End-to-End Deep Learning pipeline

CT is the input

No segmentation needed: Deep Learning does the
segmentation and/or input whole volumetric image series
Deeply learned classifier algorithms

Can easily accommodate 10,000s of images (See Google)

« New idea/concept:

Develop an end-to-end DL pipeline for IPNs

Benchmark against current approaches for reproducibility,
stability, portability, and interpretability

Long-term goal is to conduct a clinical utility study

Conventional Radiomic Pipeline
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https://doi.org/10:1038/541591-019-0447-x

Corrected: Author Correction

End-to-end lung cancer screening with
three-dimensional deep learning on low-dose
chest computed tomography

Diego Ardila®"5, Atilla P. Kiraly's, Sujeeth Bharadwaj'*, Bokyung Choi's, Joshua J. Reicher?,
Lily Peng', Daniel Tse ™™, Mozziyar Etemadi©?, Wenxing Ye', Greg Corrado’, David P. Naidich*
and Shravya Shetty’

ll cer.

e-art performan: (9‘ 4% al
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UMB- BRL

Sandy Stass _
Fe N g J |a N g Sandy Stass Feng Jian Natalia von uhIinen
Natalia von Muhlinen

miRNA/microbiome-based markers
for early detection of lung cancer

Best Contribution to Science Fiction
Acidovorax

18




miRNA as Biomarkers for Early Detection of Acidovorax and other tumor-associated
Non-Small Cell Lung Cancer in Sputum microbes as biomarkers of lung cancer
N=57 NSCLC, 52 CTLS N=107 cancers

Fold change in expression, tumor:normal tissue
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Validation pending into SPUTUM bronchial preneoplastic lesions - normal

bronchial tissue- Nasal epithelium
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Combined biomarker model in intermediate risk intermediate
pulmonary nodules (IPNs)

sensitivity

CBM = Clinical + Radiomics + hsCYFRA 21-1 serum biomarker

VUMC (n=171)

DECAMP {n =99)

UPMC (n = 88)

Denver (n = 88)

Reclassification of ~30% of intermediate risk IPNs

7 — e e
'_l_._-* a --"ll_-_':-u':f
o . .II._
CBI Risk CBM Risk ¢ CBM Risk CBM Risk
0.86 (081, 0.91) 0.75 (0 68, 0.83) .rrJ 0.94 (090, 0.97) 0 84 (0.78 0.91
hlay o Hisk | l_‘_’f . hayo Hisk . hlay o Hisk . Wayo Hisk
0.76 (070, 0.82) 5_ 0.59 (043, 0.58) 0.85 (081, 091 0.67 (0.56, 0.77)
] | |
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Biomarker driven management of IPN: RCT utility trial

T 15 T 3 T. 2 Year
Consent Follow up
Days Mos Outcome
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CBM not o > Time to dx
/ provided Invasive
IPN BIOMARK.ER High procedures
6-30 mm Intervention Risk Bx S.0.C.
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Prob Radiomics/Al » Int S.0.C
5-65% PBMC mRNA Risk B Stage Shift
\ MiRNA
Nasal RNA Cost
Low 3 Month CT




Lung Team project 2 -- LTP2

Aim1: Establish Cohort with Indeterminate Pulmonary Nodules
Data & Sample collection rre'ur ni fm‘.‘aw—uii
. Cohort Inclusion Criteria__ (n=200) Elimical Diagnosks
m - R T e R —— s - marn .a--.-.n.- e —— — - MﬂtChEd'
o - Age: 550 yrs | Elmicalf.}ata Climical Fellow-up Cancers [n ~ 30)
= - Smoking status: l Imaging Mon-cancers (n ™~ 60)
= | Biosamples: A Biosamples used for biomarkers
(&) Current or farmer (>30 PKY) | Blood sl e _:w
- Indeterminate pulmonary nodules: | | e i
Size: 0.5-2.0cmm | Bronchoscopy Brushings, Other non-cancers {n ~ 110}
REEis | Masal Brushings Biosamples banked
Aim2: Validation of Diagnostic Biomarkers ciinical | DMEC:
_ Anialgtes Pk, B Diagnosis [ | Evaluate diagnostic
- accuracy
Genomics (BU)  Bronch Brushings —s RNA — Microarray — 80 genes b (sensitvity, specificity,
E Proteomics (VU] Bronch Brushings — Protein —s  [C-MRM-MS* — 20 peak profile ROC curve]
o8] of biomarkers in
'E Glycomics (NYU) Serum — Glycan — AutoAntibody Array — 8 Glycans detecting
o . . lung cancer.
E Epigenomics (JHU) Plasma — DNA — ghsp*+ — 4 genes Sressin
[u]
§ Proteomics (UCLA) Serum —s Protein — Luminex — 21 cytokines 4:_-:"
£
Genomics (O5U)  Serum/Plasma — RNA — gPCR — 11 miRNAs £
Genomics (UMD) Serum — ANA — gPCR — 28 miRNAs : 1-Specificity

Figure 1: Overview of specific aims.

Accural: 261/300
70% cancer prevalence

Biospecimens to NCI/ Frederick

Images repository JPL



SWOT Results

Strengths

BM study design

Use of high-end technologies/ multiple platforms/Al

Rigorous metrics of performance accuracy

Prioritization of Biomarkers

Publications

DMCC biostatistical support

Multi-site collaborations, peer review

Same vision/focus in Biomarker Research

Opportunities

So many

So many

So many

So many

So many

So many

So many
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				Strengths 		Weaknesses 				Opportunities 

				 BM study design 		 Low level of integration with Industry 				 Pragmatic trials for Clinical utility of Biomarkers (low cost) 

				 Use of high-end technologies/ multiple platforms/AI		 Lack of cohorts to validate findings  N=100-1000 				 Develop Cohort studies (never smokers, fam hx) 

				 Rigorous metrics of performance accuracy 		 No utility studies 				 Collaborate with other consortia and RO1s, plan ahead 

				 Prioritization of Biomarkers 		 Insufficient focus on under-served populations 				Personalized screening. New eligibility criteria 

				 Publications 		Setaside funds - administrative burden				 Create mechanisms to support 

				DMCC biostatistical support 						 Sharing between repositories and coordinating same types with unified collection for multiple uses 

				Multi-site collaborations, peer review 						 Distributed learning- sharing codes, not data. 

				Same vision/focus in Biomarker Research 						 Collaboration nationwide can pull a good sample size 

				Opportunities		Threats 				 Master service agreements can be set up for multiple and long-term use

				So many		Insufficient # of Junior investigators 				Build in junior investigators to the application process 

				So many		 Funding limitation 				Recruit advocates to speak for EDRN to the public 

				So many		 Lack of Cohort studies 				Bring advocates to the consortium 

				So many		 Industry can sometimes be a difficult partner 				More support for junior investigators (individual meetings, awards) 

				So many						KO8 to become associate member 

				So many						More chances for peer review 

				So many						Create working groups based on expertise 

						  				Expanding to other disease endpoints Treatment/ recurrence/risk stratification  

										Rolling cyles of grant applications. 






















SWOT Results

Opportunities
Clinical utility trials (pragmatic-low cost)
Develop new Cohort studies (never smokers, fam hx..)
Collaborate with other consortia and RO1s, plan ahead
Personalized screening. New eligibility criteria
Data and biospecimen sharing Distributed model/ Master agreements
Build in junior investigators to the application process
Bring advocates to the consortium
Create working groups based on expertise
Career development awards to become associate member
Expanding to other disease outcomes risk stratification for recurrence/response
Rolling cyles of grant applications.




Into the future of the EDRN

FOCUS--

Tangible outcomes. Risk -Diagnostics-Stratification for recurrence- Anchoring in Biology

Collaboration with industry USEFUL/ MUTUAL/CLEAR on data use

Including minorities in STUDIES/INVESTIGATORS/SPEAKERS/SCHOLARSHIPS

Engage with other NIH funding programs THEMATIC/ JOINED MEETINGs

Facilitate Accrual COMMUNITY/ USEFUL SAMPLES/TRIAL INNOVATION NETWORK

Role of BRLs reconsidered

Early Phase biomarker clinical TRIALS for UTILITY ANALYSIS

Increase collaborations. GROUP DISCUSSIONS /MONTHLY MEETINGS/ FOCUSED AGENDA
Keep focus on high risk groups NOT READY FOR UNIVERSAL CANCER APPROACH

Detection among NEVER SMOKERS/ Lower risk smokers. Adapting for RACIAL DIFFERENCES

Personalized screening. ADJUSTING eligibility criteria to exposure change
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