Enhancing Clinical Utilities of Liquid Biopsy Genomic Testing Poster # ST008

=
-+ INVIOGEN with Magnetic Nanoparticle Capture Enabled NGS and Multiomics Assays Abstract # 1577371
Aihua Ful®, Minh Ton!, Kevan Wang?!, Weiwei Gu!, Nuzhat Shaikh>, Sasha Madan>, Tianhong Li 2, Minetta C. Liu 3, Heather A. Parsons 4, George W. Sledge >, Fauzia Riaz>

'NVIGEN Inc., Santa Clara, CA; 2 University of California Davis Medical Center, Sacramento, CA; 3 Mayo Clinic, Rochester, MN; # Dana Farber Cancer Institute, Boston, MA; > Stanford University, Palo Alto, CA

i i ® el . . . ] - o .
Introduction Example Genes Covered in the NVIGEN X® Precision Depth of Coverage at Different VAF for ctDNA and CTC Comparison in Number of Variants Detected Mean Protein Biomarker Levels as Measured in
Liquid biopsy has emerged as a promising non-invasive alternative to P : HF . -
TRy fe> SMEreeE @ @ P v ) e Medicine Biomarker Profiling Gene Panel DNA from Normal vs. Breast Cancer Patients from cfDNA and CTC Genomic DNA Plasma between Normal vs. Cancer Patients
tissue biopsy, offering the ability to detect genomic alterations in N TNF-Alpha Biomarker Assay CEA Biomarker Assay VEGF Biomarker Assay
. . . . . AKT1 aaaaaa = 0 cre cfDNA o crmna e ® Normal ® Cancer B Norma ancer B Normal W Cancer
circulating tumor DNA (ctDNA) and other circulating biomarkers, as ALK AR BRAF ~ BRCA1  BRCA2  CD274  EGFR . ' All Variants Deleterious Variants Pathogenic Variants il g g
well as the potential to detect disease before radiographic ERBB2 ESR1 FGFR1 FGFR2 FGFR3 KRAS MET MLH1 %aooo— ﬁ F;g f.\* ol § agaooo m = S5 : Sample DNA Vaint Sample DNA  Variant# Sample DNA  Variant# 5 T o 7 oae
. . . . . MSH2 MSH6 NRAS NTRK1 NTRK?2 NTRK3 PALB2 PDGFRA §f T == = | E2 : ‘f il — = min F Healthy(n =13) |CTC 7 Healthy(n =13) |CTC 289| |Healthy(n =13)|CTC 2 3 0100 2 E
recurrence. However, to truly unlock the cI|n|c.aI potent.lal of liquid A — e o5t sten s 1E £ g 1B B Hoalthy(n = 13) |crONA 263 [Heaithy(n =13 cioNA 13| Theattroir =12, loNA 5 : . e
biopsy, the development of advanced technologies is crucial. We here §2 w0 £3 | Patient(n = 18) |CTC 2181| |patient(n=18) |CTC 570| [patient(n < 18) |CTC 16 5 o : 3
% e , . . 4000 . - , - _ . é g 0.500 g :
at NVIGEN are developing a magnetic nanoparticle capture-enabled ATM BARD1 BRIP1  CDH1 CHEK2 CTNNB1 EPCAM EZH2 low spm b7 i: |- = | Patient(n = 18) |cfDNA R (Patient(n=18) |EREEE 201| |patient(n = 18) |cfDNA 10 II 0100
) . . . . . . — '\"'f‘*’ p== = - = Z ™ 20004 = T ..hTﬁ — :—B;] ‘5 0.000 0.000 0.000
next gen.erat|o.n sequencing (NGS) system Fombmed. with multiomic ERBB3 FOXA1 GATA3  IDH1 MAP3K1 MYC MUTYH NF1 S——fegr % g— ——3 Figure 8. These tables show the number of all variants detected in cfDNA and CTC | PD-L1 Biomarker Assay
ctDNA/circulating tumor cells (CTC)/Protein analysis to meet the RAD51C RAD51D KIT CDK12  NOTCH1 RPTOR CCND1 MDM2 o 5 R R R S & # o # . & genomic DNA from normal (n=13) and breast cancer (n=18) patients. Breast cancer T SIOSIKSLARSHY B Normal M Cancer EGFR Biomarker Assay
. L. . R &‘o” o 7 "~ © & o & R P e o @ Normal M Cancer 1.500 M Normal ™ Cancer
growing need for more sensitive, accurate, and comprehensive IGEFIR  CDK4 CDK6  PPP2R2A TSCH1 JAK2 SMO  Other total patients have more variants detected overall. While looking at only deleterious and 3.000 80.000
methods to enhance the clinical utility of these tests. 180 T S o Beews pathogenic variants, > 100%more variants were detected in cancer patients than in 3 jg 000 7 w00
- 3 The NVIGEN X -180 | includes FDA q q _ - . normal persons. In particular, pathogenic variants only shows 2 (in CTC and cfDNA) for a £ 2 S £
igure 3. 1he “LouU-gene panel includes approved and emersging - H - - total of 13 patients, average of 0.15 per person. 8 - § "
therapeutic targets: genes to monitor treatment responses and genes to investigate Bl - . : E 1000 g 5 2000
Method integrative biomarker information such as cancer, neurodegenerative, cardiovascular, and e IR I = B 3
metabolic indications. A subset focus panel of 32 genes (yellow color) were also studied - o : Convenient On-Bead ELISA Assav for 0000 0.000 none
Magnetic nanoparticles were chemically engineered to capture and (?en?ohnstrat;efd that OLer ;\ss?y F(ljas the r(I)bNu(;,;ness tofallow custolr:\lzatloqc of the gdene - P y Figt:rg 12. T(VIG|EN’S| .on-li)ead E]!_ISA assays l\A(/ere13L;sedth me;asure six(brigjt cz;pcetr rglatecil
. . . panel without atfecting of the Tunaamenta assay features such as uniformity, data 2000- . . %, H H protein marker level in plasma rom normal (n= and breast cancer \n= patients. breas
V:C"”OUS types of bmmarkers. such as Ct-DNA, CTC, and protein from a efficiency, detection sensitivity and specificity. o0 ESE . p p PR p . 4 Protein Detection cancer patients have elevated level of TNF a, CEA, VEGF and Her2, and EGFR level is light higher
single tube of blood. Following extraction, ctDNA and CTC DNA were & R r S & S & Number of variants i Detector in normal patient plasma than in patients. These results are consistent with the literatures.
o o o ¥ @ Antibodies —
processed using the NVIGEN precision medicine biomarker profiling | Multi icD Anal £p . fDNA d
. . . . . . ° s o * o &z ::'
system and data analysis pipeline. Multiple protein biomarkers were ctDNA and CTC NGS Data of Patients and Healthy Figure 6. The distribution plot showing the depth of coverage at different VAF ranges from both normal & O O oo | =1 ultiomic Data Analyses ot Protein, c dan
captured and detected with NVIGEN’s on-bead-ELISA assays. D (h=13) and breast cancer (n=18) patients. Both cell free and CTC DNA were sequenced and analyzed = / ——rT CTC Genomic DNA
onor: Distribution of Normalized Depth of Coverage | . . cL 0 -
P~ oe./patvargts . g different VAF ranges. All variants, deleterious and pathogenic variants were analyzed separately. Only O b_u | - X Protein | Del Path |Prot+Both
B crc [ cmowa R amix j} oo . . . . . Protein De Pat A DAV00001 |  83.70 100.00 30.38 100.00
g e s breast cancer patients deleterious and pathogenic variants depth of coverage wer-e able to be obtamgd at TANOO0S | 237 0.00 20,33 0.00 ~voooor | sre2 | 10000 | 9525 | 200.00
X 4 ) very low VAF ranges (< 0.1% and 0.1 — 0.25%). At such low VAF ranges, normal patients don’t have variants STANOOOE | 15.40 0.00 30.38 0.00 DAVO002S | 77.08 | 100.00 | 3038 | 100.00
NVIGEN X°® Precision Medicine Biomarker Profiling 1 . 2 DNFOOO12 | 9234 | 100.00 | 9925 | 100.00
1. ?;x e gz o P A s detected. DNA from CTC also show more depth of coverage at low VAF ranges. The depth of coverages Figure 9. NVIGEN’s nanoparticle-based ELISA assays enable rapid, highly sensitive and multiplex STANDJD7 | 71.12 0.00 30.38 0.00 rooors | ssar | 10000 | ss72 | 10000
- Plasma i, o 25 o have slight variation at different VAF ranges. We believe this is due to the nature of experiment. Our detection of protein biomarkers, with shorter incubation time and smoother workflow. STANOOOS | 22.60 0.00 0.73 0.00 nrooosa | 7a0L | 10000 | sses | 10000
‘ U a— . . i & | i (— sequencing contains mixed sample types (cell free, CTC and PBMC genomic DNA). Therefore, it is hard to e B o2 238 o2 DNFO0042 | 97.01 | 100.00 | 9925 | 100.00
I 8o OF L ¥ L § 100 ¥ | _ STANO010 |  14.53 0.00 3038 0.00 MAY00012 | 87.00 | 100.00 | 99.25 | 100.00
¥ i ] § : == . obtain even coverage for all the sample types. : STANOOL4 | 58.11 0.00 0.73 0.00 <roooos | sse2 | 10000 | 3038 | 10000
YRR - g ) iy & e 9 & Y & 9 X ‘Y‘"’ *f"" STANOO15 |  11.96 0.00 30.38 0.00 STFO0003 |  84.68 100.00 30.38 100.00
Plasma Vo ) <7 S & o « & = = = =) STFO0005 |  72.23 100.00 99.25 100.00
Fraction P . ‘ ' o & & & X }" }" - }" i‘ 'i‘ e = i — ~ STFO0006 |  75.38 100.00 30.38 100.00
s S i e . . - . - . . ){ ){ _i .} >TANOOLY 2133 0.00 0.73 0.00 STFO0007 |  61.06 100.00 99.25 100.00
= EN/ 7o | Figure 4. The normalized depth of coverage with high confident reads from NGS data of Detected Gene Variants from chNA and CTC DNA Of w U U U U STANOO1S |  45.88 0.00 30.38 0.00 rro000s | 7651 | 10000 | s7.26 | 10000
=== Fraction y b cfDNA and CTC DNA of 18 patients and 13 healthy donors were shown using the STANG022 |  6.64 0.00 30.38 0.00 STFO0009 | 56.54 | 100.00 | 30.38 | 100.00
L \ e . . 1 Mix beads with Incubate for 1 h Wash bead Incubate for 1 Wash beads with . : : . STF00012 95.78 100.00 99.25 100.00
distribution plot. Left, all the variants from both cell free and CTC DNA were plotted. Breast Cancer and Normal Patients it abdobilr  Wetibeds  ledeobed | Ve uets mons | oer | oo | mas | e | i | e | iom | s | e
umor . Right, only the deleterious and pathogenetic variants were shown. The data have - pRee LUl G netpale taflios LUl
| .T e i At d 5 t Y[ d that both Il f P gd CTC DNA h imil depth All vartants W cte W cmna _ . detection antibody.  target protein. - detection solution. _ Figure 13. Multiomic data derived from protein, cfDNA, and CTC genomic DNA biomarkers were
| 'i:‘r’f emonstrate a © cefl free an . ave similar COverage depth. wo - Flgl.lre 10. Ba§|c On-Bead ELISA Assay Workflow: Step1. Antigen capture: Mlx.sample with isolated from normal and cancer patient plasma and assayed. These data were then used as
s - F-ur’Fher.more, both cell free and CTC DNA between patients and healthy donors are also ) antibody-conjugated beads. Step 2 Wash: Place plate on an NVIGEN ma.gnetlc plate (cat#A20008) training data for Linear Discriminant Analysis to produce a prediction algorithm. This prediction
R similar in depth of coverage. ) g and W?Sh pIas.ma and gther prc.>te|ns f.rom the plate. S_tep 3. Incu.bate with e_:nzyme-bound algorithm was then applied to the multiomic data for each individual patient listed here to yield
g TH I : detection antibody: Mix detection antibody in assay diluent and incubate with the beads. Step 4. an LDA score. LDA scores equaling or exceeding the defined threshold of 50/100 are tagged as
Proteins . « o § III““““““I s e | IREN Wash: Wash excess enzyme from the plate. Step 5. Add Detection Solution: Add detection cancer patients, while those below the 50/100 threshold are tagged as normal controls. Scores
Fi 11 . £ the NVIGEN X® - Precision Medicine Bi cer Profiling T Number Of Va riants fOr EaCh Indl\lldual 5 ol T T T T T T solution, pipet up and down to mix, incubate for 15 minutes for the reaction to proceed. Step 6. highlighted in red are false positives/false negatives based on currently available data, while
isure ~. UStratlo,n ° ,t € - rrecision Miedicine Blomarker Frotiing est . LI Transfer detection solution to new plate, read on plate reader: scores highlighted in yellow are correctly identified, but are within 20 points of the threshold.
with NGS and multiomics assay workflow. From a single vial of whole blood sample, All Variants e - o _
NVIGEN X applies several streams of sample analysis. From the plasma fraction, of Pationt va Healtny | Sieninsim S wewmesh g0 g
ctDNA, protein markers and exosomes can be isolated and analyzed. From the cell - | ARE Lt sl I 2 . . RESUItS and CO“CIUSiOﬂ
fraction, CTC and other white blood cells can be separated and cell genomic and « I SN § . "“IIIIIII I III T T I SN ER RN On'Bead ELISA Assay Improves PrOteln DEtECtlon ) : "y : : :
tein analvses can be obtained. The plasma. CTC and white blood cell data are R R T ) e : L HIIRNEsRcEEnn | ‘H]l ll!ﬂ!ﬂ-,!!!l"!l.ﬂ.l! IIIII i E e silEas . . . . . o NVIGEN’s 180 gene biomarker profiling assay on average detected 35 variants including 11
!oro Yy | . P , | . Ll L L =ENEmEaENER ~ - § o USRS S SSPRAS S S s SRR %‘%’?&\z&%&%%‘ S| nal and A"OWS Senal Mu|t| |e)(|n W|th L|m|ted deleterious (31%) and 1 pathogenic/likely pathogenic (P/LP, 2.8%) variants from patient ctDNA,
integrated to provide highly sensitive and accurate diagnosis and treatment model : g : N
8 _ P gnly 8 - § — Gene . while 123 variants including 31 deleterious (25%) and 1 P/LP (0.8%) variants were detected from
for the patients. . P e & é v el L Pathogenic variants L TEStlng Samples patient CTC. CTC samples provided 251% more variants, and 182% more deleterious ones when
g L [ttt ottt |t . X X ——— ‘“m e compared to ctDNA, elaborating on the rich information provided by CTC data. Furthermore,
é;;{;t;ﬁ:ﬁ::;%’f ?’Qf@'&;&‘%&%@:*ﬁg{g&i@g;;iiﬁ‘i&é o & "~ | ™ - ; S oo T o , CTC data provided more consistent trends than ctDNA data when comparing variant counts of
. e 8 o 2 em a0 EE e i\,&\*’ ,\**@/ e ~ ; i . i v patients vs. healthy controls, supporting the importance of CTC NGS data in patient testing. In
NVIGEN Magnetlc Nanopart|C|e Ca pture EnabIEd Deleterious and Pathoge;;ic = g - = . R . : o = ar | i . L addition, 50% of variants detected are with VAF< 0.5% in ctDNA samples, and 60% of variants
Eff- . t d R b t NGS A Buisteionsiiotopeniove e ere 1 o s | .II“II“II“|m“'“lii.iiiiiﬂiiiin!lni-’--f--’-%uif-im’-::iiin s 0 . . . . . . . . . . 1 S ST P * A P st S, are detected with VAF< 0.5% in CTC samples, demonstrating the importance of highly sensitive
icient an onus Ssay z f - e | T "; I : NGS systems to accurately report variant information. NVIGEN’s on-bead-ELISA assays provided
, - “ar N - - i — ~ — — | s 2-10 times better detection signal compared to conventional on-plate ELISA. Results from 6
cfDNA yield (ng) qPCR (Ct) NGS library yield (ng) L g b § § Conc (ng/mL) Cone (ng/mL) Cone (ng/mL) . . . . .
. ﬁ - ; . 1 “ i . : protein biomarkers alone can be used to differentiate healthy from breast cancer patients. After
P ‘W ' = I { F Bwice J”i, ; . II I I I : E “BB £ ) . I & combining the protein with the NGS data with LDA analyses, we were able to use the LDA score
iin:} . Foue i em 3 ;oo . i“ll “““_nl. -6 wi- |_ % B | ] Ry O Bnds o T—— e ey o R o to predict patients with cancer or not with high accuracy.
| 150 n — NVIGEN 1 E W cL. o SELSFSE *‘;&;, S & v;‘oﬂi I ;cl"‘.'v..(.‘l S, oid%*‘,qy ST B P P P S A S : : : y —
m i 2 ml Plasma Input i1 === Qiagen g z 3 3 s € = ® € ¥ - & LA A & % - % N : i . : . : s ’
plasma2 N 1l et | ] I S e R semete cone . i I . | . . . | ot Our results demonstrated that the highly sensitive NGS and multiomic assays offered by NVIGEN
= ' | L A l i -lllll--lllll. Hallal. : s . ' Figure 7. Detected individual genes variants from both cell free DNA and CTC genomic DNA of breast i ey : ' W are crucial for understanding important biological marker information and their clinical
. — 1 : £ — é,e"e::&;@:@ff&ﬁ@”fﬁ’fﬁ@e@f@ S LSS L LSS -~ & . . e : o| : g 1 implications. With our magnetic nanoparticle capture enabled workflow, our precision medicine
il iy S WA CEETTETEOTCER L OO & & o cancer and normal patients were plotted. The top panel has all the gene variants from two DNA types. The Pl il [ | : L L . )
plasma3 i N P P P e P P P m| |l T T e o v _ _ _ _ g — — z : ' ~ : i ' system profiles ctDNA/CTC/protein biomarkers. The workflow is highly compatible with
| BB bottom panels shows the deleterious and pathogenic variants separately. Overall speaking, more gene Jutormation and can be streamlined for broad clinical uses
. | | | | Flgurfe 5. Thgsg plots show the number of genetic variants from .both cell free and CTC variants were detected in brc-east cancer patlent§ aang most of the genes, Whl|f2 deleterious and Figure 11. Performance comparison between conventional on-plate ELISAs versus ELISAs
Figure 2. NVIGEN magnetic nanoparticles have been developed -to provide thlmal DNA in each individual normal (n=13) and breast cancer (n=18) patients. Overall, we were pathogenic genes have dramatically more gene variants in breast cancer patients than in normal persons. oerformed using NVIGEN’s paramagnetic nanoparticle platform (On-bead ELISAs). Six breast
NGS results for DNA capture and cleanup, and cfDNA and various genomic DNA able to detect larger number of variants in patients from both cell free and CTC DNA. Specifically, variants in pathogenic genes are rarely detected in normal person’s cell free and CTC DNAs. We cancer related protein markers were used in this study, including TNF @, CEA, VEGF, Her2, PD-L1 ACkﬂOWlEdgement
extraction (Cat# K61001, K61002, k61003). High-yield and high-quality DNA molecules Since many genetic variants are not causing cancer, we looked at deleterious and also observed that CTC DNA analyses have shown more gene variants than cell free DNA in almost all the and EGFR. On-Bead ELISAs demonstrate superior linearity, signal, and sensitivity. Low-end The authors want to thank our collaborators, participating patients, and
.obtainable through the complete and complex assay workflow are of significant pathogenic variants specifically. The breast patients haven show dramatically more variants detected, demonstrating the importance to incorporate CTC in breast cancer patient clinical detection threshold is approximately 100 pg/mL of the analyte with 200 uL of human plasma National Cancer Institute, National Institutes of Health funding (contract
importance to assay performance. variants than normal patients. studies. sample. numbers # 75N91019C00035) for supporting our work.

NVIGEN Inc, 3671 Enochs St, Santa Clara, CA 95051 | https://www.nvigen.com | Tel: 408-406-8306 | Emails: info@nvigen.com, aihuafu@nvigen.com



https://www.nvigen.com/
mailto:info@nvigen.com

