NVIGEN X® Comprehensive Liquid Biopsy for Sensitive ctDNA, Circulating Tumor Cells (CTC), and Protein Detection in

Breast Cancer: Next-Generation Sequencing, Patient Case Studies, and Clinical Implications PO5-15-06
Aihua Ful®, Minh Ton!, Kevan Wang?!, Weiwei Gu?!, Henry Jinl, Nuzhat Shaikh>, Sasha Madan>, Shreya Perepa>, Tianhong Li 2, Minetta C. Liu 3, Heather A. Parsons*, George W. Sledge >, Fauzia Riaz’

! NVIGEN Inc., Santa Clara, CA; 2 UC Davis Comprehensive Cancer Center, Sacramento, CA; 3 Mayo Clinic, Rochester (current Natera);  Dana Farber Cancer Institute, Boston, MA; > Stanford University, Palo Alto, CA

Introduction High Data Efficiency Patient Case Study —Better Cancer Monitoring for Better On-Bead ELISA Assay Improves Protein A Machine Learning Model Demonstration

Breast cancer (BC) represents the most prevalent cancer and is a leading cause of N Treatment Management USIrIg Non-lnvaSIVe CtDNA Test Detection Slgnal and A"OWS Serlal of Improved LIqUId BIOpSV Testlng Accuracy
cancer related mortality among women worldwide. Despite notable therapeutic VIGEN D | o ———— e ——— e ———————— ————— | . . . e . . - - -
eeper - 144kb . 10X | t of dat
advancements, concern for metastatic recurrence remains a significant challenge. \WIGEN Deper - 226 effciency compared to other - 15-Sep-2021 Gene |AA  |VAF |NVIGEN test Multiplexing with Limited Testing Samples by Integrating Genomic and Protein Data
Liquid biopsy has emerged as a promising method for monitoring cancer treatment Roche Avenio Surveilance - 198kb commercial assays. Test Provider ~ Genomic FoundationOne NVIGEN AR1D1A VY1324S 0005 Deleterious | ” ,, m
efficacy and disease progression. However, existing technologies predominantly Roche SEQC2- 192k RN ° Health/Exact CDx/ Roche , | Tirananssy onSeud S on i Test Protein | Genomic | Protein+ 2core S
Roche Avent ded - 192kb The data of other brands were from . EGFR E319G 0.004 Deleterious o OnPite @ OnBoad > ey — o Plse @ OnBes . . STAN00029 Healthy
focus on ctDNA, and their clinical utility is hindered by limited detection sensitivity eehe Reme expaneee” . Natre Bitech, 2021, BMC 2020, Sciences ; ot L 4 Performance | only only | Genomic SRV} 75 Healthy
Roche Avenio targeted - 81kb 4. ature Medicine, . . . = . o ~ 2 L. -18. R
and accuracy. To address these challenges, NVIGEN has developed NVIGEN X® Capp:eq_uskb - Sample Type  Tissue Tissue Blood EGFR V843l  0.003 Deleterious 41 s - T Sensitivity/  67% 100% 92% Bﬁl\égggﬁ ;iéi :jg;;g::
comprehensive liquid biopsy, a novel minimally invasive approach that integrates BRP - 227kb 022 Recurrence  Mutation: Mutation: MET D1117N 0.004 Deleterious "t 1 et e FazEl MAY00010 -5 Patient
ctDNA, CTC, and protein biomarkers. This comprehensive method could enable IDT - 140kb o score: 14 ESR1: D538G ESR1: D538G, 0.4% e G1299R 0.004 Deleterious | || [ S . - L || Specificity 100%  54% vk S EC I I;zf.let:z
longitudinal monitoring of tumor dynamics, offering valuable insights into cancer llumina - 533kb I - - Low risk PIK3CA: HI047R  PIK3CA: H1047R, ' | . o e o e Accuracy 85.71% 80.65%  92.86% DNF00036 -6 Patient
] ] . I T T i e Ith
biology, treatment responses, and emerging therapeutic targets. Here, we 0 10 20 30 100 200 300 0.4% SMO P684L  0.007 Deleterious | , ,, PPV/Precision 100%  75% 92% S,;;/:\?ggg;: _23.5 ';zf,etnf
showcase compelling patient case studies, and the potential clinical implications of (PE reads x 130 | Gone Punel Stas | Coverage) Figure 5. Patient case study using NVIGEN X® highly CSMD3  D3456G 0.006 Deleterious | e o | NPV 50% L00% 039 STANOOOD? 2 :ea:t:y
oy e . . . . . . . e . . ' § s . . (0] (0] (o] t
our technology for an exciting and evolving field in cancer diagnostics. Figure 2. Data efficiency of NVIGEN assays in comparison to other sensitive/accurate ctDNA liquid biopsy test. The patient was GNAQ A331T 0.003 Deleterious ’ | ) ; - “ M STEO000L 1 ot
commercial assays show that NVIGEN assays have in average over 10X diagnosed with breast cancer in June 2005. Tissue sample was tested p— Sl T T ; RS . STANOOOOS 6.5 Healthy
better data efficiency. The top 2 NVIGEN assays uses the 32 gene panel. . . . . ATM 0.011 UDeleterious S = ‘ : . STAN00022 3 Healthy
, with Genomic Health (acquired by Exact Sciences) Oncotype 21 test. . : it ; STAN0O000S 3 Healthy
The 3rd NVIGEN assay uses the 180 gene panel and representing the more The recurrence score was at 14. show low risk of recurrence. In Dec. BRCA2 N289H (0.015 Deleterious i B T L f— : N | L | . DNFE00022 > Patient
recent data with further improved data efficiency when samples are 2020, the patient did re'cur and genomic testiné usiné PALB2 N1003D 0.003 Deleterious o o o imggig c1> :ea:t:y
: . . ' ~ ’ . . . . > ealthy
Patients with advanced breast cancer were prospectively identified and sequenced with deeper depth of ~1000x to 2000x range. FoundationOne CDx (Roche) showed mutation in ESR1 and PIK3CA Q356R Deleterious Figure 7. Performance comparison between conventional on-plate-ELISAs versus £ oas STF00004 0 Healthy
consented. 10mL and 20 mL blood per timepoint was collected in Streck tubes. genes. Drug recommendation was accordingly applied with BHEAT LA ELISAs performed using NVIGEN’s magnetic nanoparticle platform (On-bead ELISAs). e R o
ctDNA, CTC and proteins were captured from a single tube of blood using NVIGEN CtDNA and CTC NGS Data Of Pat|ents and Albelisib+Fulvestrant. In Sep. 2091 blood sambles of the patient BRIP1 R264W (0.487 Deleterious Six breast cancer related protein markers were tested in this study, including TNF-q, . e =es C——
magnetic nanoparticles according to established protocols. Following DNA P NVIGE.N o P- ‘ ' ) ) prGEN Y P CHEK>  F2925  0.003 Deleterious CEA, VEGF, HER2, PD-L1 and EGFR. On-Bead ELISAs demonstrate superior linearity, MAYO0014  -26 S
' . i i i was sent to ab and tested wit -precision - : TN _ : : : e STAN00015 5 Healthy
eXtraCtion, CtDNA and CTC Samples underwent NVIGENIS highly Sensitive Sample Healthy DonorS. Coverage DIStrIbUtlon d- . . .. . Dl 29E L Slgnal, and Sen5|t|V|ty. LOW end deteCtIOn thrEShOId |S apprOX|mate|y 100 pg/ml— Of o} 50 100 150 engﬁ# 250 300 350 400 STAN00028 1 Healthy
o o ) P medicine biomarker pr0f|||ng ctDNA NGS test which detected the ALK 5 0.003 P each ana|yte with 20 to 200 |J-|— of human p|asma samp|e_ STANOOO16 10 pa—
workflow, optimized for NGS data accuracy and efficiency, employing 5 cow e same mutation as in the prior tissue sample. Both ESR1 and PIK3CA NTRKA T R . Machine Learning Curve TANOOOLO 5 T
hybridization capture with a 180 gene customizable cancer panel. Sequenced data o - - : . : . : :
wyere processedpwith NVIGEN’s pgroprietary high-sensitivitylzlata ana?ysis pipeline . were detect at 0.4% VAF. The VAF for both variants are high ALK W915G 0.029 Deleterious - - . Figure 9. Evaluation of the liquid biopsy test performance using a simple
G terations identified from both ctDNA and CTC I vred d o . compared to the LOD of our test with 0.1% VAF detection sensitivity. ' . Protein Biomarker Plasma Concentrations PyTorch neural network model on genomic data only, protein data only,
oene @ e(:jra ons | eg medrom (I)w ¢ an ‘ shamp e Were afqa yzs an : I : Hence if the blood testing was performed years earlier, it is possible FOXL2 ~ R148H 0.005 Deleterious . . and genomic plus protein data demonstrated that integrating genomic
::.tegra’Le tof prfcm et ° comgri etnscllve yleszlGEN? tumgr grOEILTéA rotein % B to detect the recurrence of the patient earlier to help timely in BreaSt cancer VS Healthy Patlents data and protein data significantly improves test accuracy to 92.86%
iomarkers of interest were detected usin S on-beads assay. . : : ,
Correlation analysis was performed to exarﬁine the relationship between thi: - ' = management of the treatment course for better outcome.  In TNFAIpha Biomarker CEA Biomarker VEGF Biomarker from 85.71% and 80.65%, respectively. In addition, only for the
addition, many additional variants of significant breast cancer gene . N T i i i : iy
detected gene alterations, protein biomarkers, CctDNA/CTC data, and s «‘“’f s mutations were detected demonstrating the importance of = T P e T Lnt:(i;?;id (:i?ril plig\(;rg?jncNeP\r/nz:gcasbi\:/aelu:;/d :?ucjlllé(aj’lcllqng Secr:zg“’z::’;
clinicopathologic features. Treatment response and identification of potential new , S . e . H hish conf monitoring cancer patients with liquid biopsy blood testing : é : i erormayl’wce They’machine learnine model waso’set J ffrga binar
treatment targets were evaluated based on the integrated analysis of ctDNA, CTC, Figure 3. Coverage distribution of detected variants V\_”t igh confidence £ . e | P e . . & . . P . Y
rotein biomarkers. and batient information reads from NGS data of ctDNA and CTC DNA of 18 patients and 16 healthy . ° . . - # classification task, Patient vs. Healthy in this case. The example learning
P ’ P ! donors were shown using the box plot. Samples tested with ctDNA/protein DEtECtEd Gene Variants from ctDNA and CTC Of Breast Cancer o A & & & Si! & curve is from the integrated genomic plus protein data which displays
b|0markers (dUO), and CtDNA/CTC/prOtE|n bIOmarkerS (t”O) were aISO P t t d H Ith D HER2 Biomarker X PDL1 Biomarker | _ B EGFR Biomarker the evolution Of the training IOSS over Successive epochs during the ML
compared. All samples show similar coverage and distribution except about atiéen S an ed y onors | 1, f = training. The example classification results in the right table are from
NVIGEN X® Z,X lower covgrage observed in I-!ealthy CTc samples- due to ml,’Ch Iowgr i T i esoesss 5 . § T HE the integrated genomic plus protein data with the red font highlightig
- N yield of CTC immuno-captured with NVIGEN magnetic nanoparticles. This § d p—— g £ o o fal lassificati he black f . lassificati h
Cancer Precision Profiling - . Wil | ||||||||||||||||IIIIIIII|I| i | gt a DNA  Variant V2riant i % : = o alse classification. The black font indicates correct classification. The
Plasma makes sense as Healthy blood should have minimal CTCs. i - l el [ ‘ ‘ e S Sample " | . | : ; _ . .
- | Patientduo(n=18) CtDNA 269 15 I, e # r. data set used is from the 18 patients and 16 healthy ctDNA and protein
: Plasma . . . Wbl kL -l ,I|,I._I‘||||.....,...||.‘_ u;lw sk ) Lteatytriofn=16) cONA 126 & # e ¢ o ¢ . data, among which, 80% of data were randomly assigned as training
: Fraction Number of Variants in Breast Cancer Patients W”WWWWWWfWW@WW i et s o e - N S o data, and 20% data were used as testing data.
I ‘ and Healthy Donors Across VAF Ranges - . i oNA variant V2N | | i
' : gDNA Deleterious/Pathogenic Variants(Patient(n=36) vs Healthy(n=16 ln||||| 5 ;”IIII“ E!-I‘l'""""-""'- Laad bl 1 | i io(n = : | l. = .I.II - .. == I-_'T*F---._'!.--FF*F i .I. """""""" :
: . o9 ( (n=36) althy(n=186) i ‘ I“““|||||Illllllllll||||||| 3 ! IIIIII““I"“““Illllllllll —— ‘ L] i 1 RITERTA SR T R R Sy I S ‘ Patient trio(n =18)  ctDNA 232 13 .
= - coomes | (@) -t - E E T e R RN REREERa Jee=sttt: : Conclusion
: E RN RNA I 'J,},",f, /! ,:,' 7o /!W,;,, FPheessy #,,,} PRrIR j,:;:;;;;,;:;;i P R G TR A s Healthy trio(n =16) cre 351 22 :é | I lllllllllll I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 5
- ‘ —] ‘ s, | s sy | l [ (TP [ TT R PO IT BT SRCERRTI P SE R ) The analysis of the presented data from 36 patient samples with
: Tumor WEBC Data : Figure 6. (Top left) All variant counts of each gene identified in ctDNA and CTC were plotted and compared between * 5_- = I i e e ol Z advanced breast cancer highlight the clinical relevance and potential
| ! Fraction Cells Proteins : i = patients(n=18) and healthy donors (n=16). All samples are tested for ctDNA/CTC/Protein (Trio). (Bottom left) . 1 I I I I I I . significance of utilizing integrated ctDNA, CTC and protein biomarkers in
o — (‘3) ) '@ : é i Dsleterigt:cs/Pathogenic Valriant( Countsd(;]; (;aclr gene of CtDNAfand hCTC In patients ;’5- norgmaclj-dHighelrdvariant counts We:e wi | DO | | O Ben  __Bennililisl.ne, R En ) monitoring disease dynamics, treatment response, and guiding
. = I o ddld observed for patient samples. (Top middle) All variant counts of each gene in ctDNA from 18 additional duo patients’ sample ::i I I : -
White Blood Cells Proteins o 74 ? b 7 : and 16 healthy donors. (Bottom middle) Deleterious and pathogenic variant counts of each gene in ctDNA from 18 duo IIIII | II.III.III..IIIIIIII . III.IIII.I ................ perso_nallz_ed treatment a_pproaCheS. .Our results Sugg_e_St that addlng
S 7 & & ) . : . @%@wf;;“:,ﬁ S Q;,::@:e@:e;@gjé::efe@:oz:@:.‘t;“@:e;e:&:&:&k:&‘&%&&%&,ﬁﬁ@%}gfﬁ%ﬁ protein biomarker analysis to genomic molecular profiling assays may
I patients and the 16 healthy donors. (Top right) All the detected gene variants from ctDNA and CTC DNA from 36 patients and k) S S S T e S T S S e S S S S S T T T T T T T TTTTTeeE . . . . . :
Figure 1. lllustration of the NVIGEN X® - Precision Medicine Biomarker Profiling Test with Figure 4. Distribution of deleterious and pathogenic variants identified in 16 healthy donors are plotted with difference colors representing different medical centers, Stanford, DanaFarber, UC Davis . - . be crucial in supporting personalized diagnostics and enabling more
NGS and multiomics assay workflow. From a single vial of whole blood sample, NVIGEN breast cancer patients from four medical centers as well as normal healthy Medical Center and the Mayo Clinic. Normal donor blood samples were acquired from Stanford Blood Center. (Bottom right) Figure 8. (Top six panels) NV|GEN S on-beale ELISA assays were used to measure six effective personalized medicine strategies.
X® applies multiple steps of magnetic nanoparticle capture. From the plasma fraction, donors (Stanford Normal) across different VAF ranges. Average number of The deleterious/pathogenic variant counts of each gene for samples from different medical centers. For the 36 patients and breast cancer reIa’Fed protein marker levels in plas-ma from healthy donors (n=16) and
ctDNA, protein biomarkers and exosomes can be captured and analyzed. From the cell variants were used. In general, patients shows more variants than healthy 16 healthy samples, the total variant number and average per person are shown in the table on the right. In average, 1.875 X breast cancer patients (”=3_6)- Breast cancer patients have (?Ievated. Ievel.of TNF-a, ACkhOWledgement Scan Me
fraction, CTC and white blood cells can be separated and cell genomic and protein donors. It is worthy noting that at VAF range <0.1%, variants were detected more variants were identified from duo patients vs. healthy ctDNA samples, 1.625X more variants were identified from trio CEA, VEGF and HER2, while P-D-Ll ant?l EGFR [evels are slightly higher in healthy - | Wk ]
analyses can be obtained. The plasma, CTC and white blood cell data are integrated to for breast cancer patients only and not for healthy donors. This indicates patients vs. healthy ctDNA samples, and 1.545X more variants were detected from trio patients vs. healthy CTC samples. It is df)nors. These results are con§|stent with the literature. (Bottom) The six protein The autljlors want to tha"_‘k our coII-aborator§, participating patleths, ATy A
provide highly sensitive and accurate diagnosis and treatment management model for potentially the highly sensitive assay detecting low VAF is very important in noteworthy that 2.615X more deleterious/pathogenic variants were detected from CTC vs. ctDNA samples, demonstrating the biomarker levels from each patient and healthy donor’s plasma samples were plotted and National Cancer Institute, National Institutes of Health funding 1 E‘l"'r"'ﬁ'- -
th tient identifyi lving si f d in diff tiati tient vs. health . ' . : : . y L individual to show the variation of these protein markers. (contract numbers # 75N91019C00035) for supporting our work. a0 L
€ patients. identitying evolving signs ot cancer and in differentialing patient vs. nealthy. value of adding CTC DNA testing to enhance the personalized diagnostics and treatment guidance using liquid biopsy. (=] bucke

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



