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3605: A Novel Active Chromatin Cell-free DNA (cfDNAac) Assay for Early Detection of Colorectal Cancer
Yue Wendy Zhang, Hsin-Ta Wu, Rich Rava, Diana Abdueva, Maggie C. Louie  Aqtual Inc, Hayward, California, USA.

• This proof-of-concept study demonstrates the potential of Aqtual’s active chromatin 
(cfDNAac) capture assay to enrich and extract signals in plasma that can that differentiate 
colorectal cancer (CRC) and advanced adenomas from healthy control samples. 

• Using a machine learning (ML) approach, the classifier shows promising potential for early 
cancer detection through a simple blood test. 

• We are currently expanding the number of samples to help improve the model and confirm 
how well it works across a larger group of people.

• Colorectal cancer (CRC) is the third most diagnosed cancer and the second leading
cause of cancer-related deaths worldwide (Xi et al., 2021). In the U.S. alone, 154,270
new cases and 52,900 deaths are projected in 2025, with incidence rising among
younger adults.1.

• CRC typically progresses from normal epithelial tissue to adenocarcinoma through a
well-defined sequence of molecular events. While current screening methods have
reduced mortality, low compliance remains a critical barrier to early detection.

• To address this, we present a proof-of-concept machine learning (ML) classifier 
trained on active chromatin cell-free DNA (cfDNAac) signals from blood to 
differentiate CRC patients from healthy individuals.

Platform

Background

Demographics & Methods

Sensitivity Advance Adenoma
(n=14)

Total CRC
(n=23)

Stage 1-III
(n=12)

Stage IV
(n=11)

@90% Specificity 81% 93% 94% 91%

• The classifier performance was 
evaluated on the hold-out set to 
assess robustness & generalizability.

• The classifier achieved a mean AUC 
of 0.94 (95% CI: 0.92–0.96), with 93% 
sensitivity (95% CI: 84%–100%) for CRC 
detection and 81% sensitivity (95% CI: 
67%–95%) for advanced adenomas, 
at 90% specificity in the hold-out set.

Final Performance                 Conclusion

Figure 5: Receiver operator curve (ROC) and performance of the classifier on hold-out set.
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Table 1 Training set Hold-out set

Healthy CRC 
Stage I-III Healthy Advanced 

Adenoma
CRC 

Stage I-IV
Samples (N) 19 31 21 14 23

Age: Mean (SD) 58.7 (7.3) 69.7 (9.1) 55.9 (9.5) 64.9 (10.1) 67.8 (12.9)
BMI: Mean (SD) 26.4 (3.5) 28.0 (7.0) 28.2 (3.7) 27.4 (6.0) 27.8 (5.7)

Gender: N (%)
Female 7 (36.8) 16 (51.6) 9 (42.9) 10 (71.4) 15 (65.2)

Male 12 (63.2) 15 (48.4) 12 (57.1) 4 (28.6) 8 (34.8)
Ethnicity: N (%)

Caucasian 15 (78.9) 27 (87.1) 19 (90.5) 5 (35.7) 22 (95.7)

Figure 1: (a) cfDNAac  workflow. (b) cfDNA profile of active chromatin.2 (c) cfDNAac signal was correlated 
with the corresponding gene expression in matched tissue-derived RNA-seq from stage IV CRC 
patients (n=5). 

a b

c

• Samples were divided into a training set and a hold-out test set. A machine learning 
classifier was trained using 5 repeat, 5-fold cross-validation on the training set. 

• Feature selection was performed using the Mann-Whitney U test (p ≤ 0.05) on 
normalized cfDNAac fragment counts. Selected features were then reduced via partial 
least squares dimensionality reduction, applied separately for each feature type.

• Base models were trained independently for each feature type and combined using 
a logistic regression stacking approach.

−4
−2
0
2
4 DiseaseType

CRC
Healthy

ESRP2_Exon10
ELMO2_Exon19
PRKACA_Exon6
KL_Exon4
p1@CSK
PGR_Exon1
DLG4_Exon8
p9@DLG4
p1@NTF3
p1@PTPRS
p1@MAPK13
p1@GABRG3
GABRG3_Exon1
NRG1_Exon2
p50@NRG1
p1@FLT4
p13@PIK3R1
ITPR2_Exon59
p25@TIAL1
p6@NCOR1
FLT3LG_Exon10
HDAC3_Exon14
CYFIP1_Exon17
COL1A2_Exon1
p7@NRG1
p2@CAV1
p36@ARHGEF7
p9@DNM1
p3@ADCYAP1
SH3GL2_Exon1
p1@SH3GL2
p7@PGR
THBS4_Exon1
p1@THBS4
NRP1_Exon20
p2@SH2D2A
PTPRF_Exon29
FLT4_Exon3
FGF17_Exon1
p1@FGF17
ITGA2_Exon30
PTPRF_Exon4
p12@IGF2
p20@NRP1
p1@RRAD
p1@CDK5R2
ATP6V1C2_Exon17
NCOR1_Exon49
p1@PTPRZ1
p29@CTNNA1
ERBIN_Exon24
NTRK1_Exon20
p1@KL
GABRB3_Exon8
LAMA5_Exon75
p1@TNK2
LAMA1_Exon1
DLG4_Exon15
FGF17_Exon3
p3@IGF2
FLT4_Exon21
HRAS_Exon7
p7@THBS3
p16@SPRY2
p6@ITGB1
p1@NRG3
NRG3_Exon1
p2@NRG4
p1@COL27A1
COL27A1_Exon1
p1@SHC2
SPRY2_Exon1
p1@GRB10
p10@CTNND1
CTNND1_Exon1
p1@ITGB1
RALB_Exon6
p15@ITGB1
p27@HIF1A
RALGDS_Exon9
p5@CTSD
p6@HIF1A
ATF2_Exon16
ITGAV_Exon30
CREB1_Exon9
ERBB2_Exon18
p1@ERBB2
p10@CHD4
PLCG1_Exon16
AKT2_Exon13
SOS1_Exon26
PTPN1_Exon9
p1@STAM2
p1@HNRNPM
p1@ARF6
p1@STAT1
ATP6V0E2_Exon2
p3@ELMO1
TIAL1_Exon1
AP2A2_Exon11
MAPK14_Exon1
DOCK3_Exon25
p9@PIK3R1
PTPRF_Exon13
ADAP1_Exon14
p1@JUP
ELMO1_Exon1
p1@CLTA
CLTA_Exon1
PXN_Exon2
PRKCE_Exon15
CYFIP2_Exon33
p1@DUSP3
p1@IDE
MEF2D_Exon13
PAG1_Exon7
p1@PTPRJ
p1@CTNNB1
p1@STAM
LAMA1_Exon22
p1@CRKL
p1@FER
p1@COL24A1
KDR_Exon13
TGFA_Exon6
p1@CLTC
p1@ATP6V1G1
POLR2H_Exon1
p1@MEF2A
LAMB3_Exon9
CTNND1_Exon6
HNRNPM_Exon13
p1@POLR2I
p2@FOSB
POLR2H_Exon2
p1@POLR2H
LYL1_Exon2
p1@MAPK7
p1@PTK2
p1@FOSB
p1@AP2S1
p1@ROCK1
p1@RIT1
p1@ABI1
p1@WASF2
NRG2_Exon10
COL5A1_Exon61
p14@COL1A2
p1@SPRED1
FLT1_Exon1
LAMA3_Exon1
p1@PLCG1
p1@AP2A1
p1@PPP2R1A
p1@GIPC1
p5@MAPKAPK3
HGFAC_Exon1
DOCK3_Exon49
LAMA1_Exon24
COL6A6_Exon6
PDGFRA_Exon3
VEGFC_Exon6
ALK_Exon20
p1@NCKAP1
FGF6_Exon3
CYFIP2_Exon8
SH3GL2_Exon9
NTRK3_Exon8
ADCYAP1R1_Exon19
NGF_Exon7
GABRG3_Exon11
COL6A6_Exon4

−4
−2
0
2
4 DiseaseType

CRC
Healthy

Figure 2: (a) Gene features selected by the ML 
framework were annotated using TCGA CRC RNA-seq³ 
and immune signatures.⁴⁻⁵ Unsupervised analysis of 
the common ML features were analyzed (a) principal 
component analysis and (b) hierarchical clustering 
show clear separation between CRC and healthy 
control samples in the training set..

Figure 3: Over-representation analysis of 4,572 promoter and exon features selected across the 
majority of ML training models showed significant enrichment of cancer-related pathways using (a) 
MSigDB Hallmark and (b) Reactome annotations.
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Figure 4: Heatmap of (a) receptor tyrosine kinase (RTK) signaling pathway- and (b) p53 pathway-enriched 
features identified in the over representation analysis. Unsupervised hierarchical clustering demonstrates 
the ability of each feature set to differentiate colorectal cancer (CRC) from healthy control samples. 
Boxplots of  two representative features in the (c) RTK and (d) p53 pathways, comparing  normalized 
cfDNAac counts in plasma with gene expression levels TCGA CRC tissue samples3.
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