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One of the greatest achievements in public health in 
our lifetimes will be through early cancer detection

1. Global Cancer Observatory. https://gco.iarc.fr/tomorrow/en/dataviz/isotype.  2. NCI SEER Cancer Stat Facts. https://seer.cancer.gov/statfacts/. 

Cancer rates continue to rise 
world-wide

Largest potential strides against 
cancer are in early detection

For screening to work it must find 
early-stage disease as this has 
greatest impact on mortality

For screening to work it has to be 
a public health effort that is 
widely accessible at population 
scale price

https://gco.iarc.fr/tomorrow/en/dataviz/isotype
https://seer.cancer.gov/statfacts/


Mutations in cfDNA provide an avenue 
for noninvasive cancer detection

First systematic analysis of sequence alterations in 
cfDNA for direct detection of early-stage cancers



But targeted cfDNA changes have limited signal and 
may not be suitable for population screening

cfDNA from cancer 
patient
6x1010

ctDNA without 
mutations

6x108

ctDNA with
mutations

6x105

Estimated number of 150bp
fragments in 10ng cfDNA

Approaches using targeted detection of 
mutations or methylation only detect a 
tiny fraction of ctDNA

Miss many cancers, especially early stage 

cfDNA mutations occur in normal blood 
cells, confounding analyses

Deep sequencing makes these methods 
too expensive for broad screening



Moving beyond mutations and methylation in cfDNA

Collaborative and interdisciplinary effort involving cancer genomics, biostatistics, computational biology, oncology, 
pathology from JHU School of Medicine and School of Public Health as well as national and international collaborators

Cristiano S, et al. Nature. 2019;570(7761):385-389. 

DELFI: DNA evaluation of fragments for early interception



DELFI Approach for Detection of ctDNA using 
Genome-Wide Fragmentation Profiles

Cristiano S, et al. Nature. 2019;570(7761):385-389. 



cfDNA Fragmentome:  The 
genome-wide compendium of cfDNA 
fragments in the circulation, providing 
an integrated view of the chromatin, 
genome, and transcriptome states of 
normal and cancer cells of an individual 



Multi-Cancer Early Detection: DELFI Is Highly Sensitive 
and Specific for Detection of Cancer and Tissue of Origin

Cristiano S, et al. Nature. 2019;570(7761):385-389.



No cancer; no biopsy (n=91)

No cancer; with benign lesions (n=67)

Lung cancer (n=129)Fr
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DELFI Detects cfDNA Fragmentomes Altered in Lung 
Cancer and Is Not Fooled by Benign Lesions

Mathios D, et al. Nature Communications, 2021;12(1):5060.



DELFI has high sensitivity and specificity for detection 
of lung cancer in prospective cohort

▬ Full cohort    ▬ Without prior cancer    ▬ Without prior cancer, 50-80 years, smoker

Mathios D, et al. Nature Communications, 2021;12(1):5060.



No cancer, no liver disease (n=293)

No cancer, viral hepatitis (n=55)

No cancer, cirrhosis (n=78)

HCC (n=75)

DELFI Detects cfDNA Fragmentomes Altered in Liver 
Cancer and Is Not Affected by Liver Disease

Foda, Annapragada, Kim, et al., Cancer Discovery, 2022:CD-22-0659.



DELFI has high sensitivity and specificity 
for detection of liver cancer

BCLC Stage                          0 A   B        C

AUC (95% CI)
0.99 (0.99-1.00)
0.90 (0.84-0.96)

AUC (95% CI)
0.98 (0.96-0.99)
0.81 (0.71-0.96)

AUC (95% CI)
0.98 (0.96-1.00)
0.90 (0.86-0.95)

AUC (95% CI)
1.00 (0.99-1.00)
0.97 (0.94-0.99)

AUC (95% CI)
0.98 (0.97-0.99)
0.90 (0.86-0.94)

CROSS VALIDATED COHORT

AUC (95% CI)
0.97 (0.95-0.99)

VALIDATION COHORT

Foda, Annapragada, Kim, 
et al., Cancer Discovery, 
2022:CD-22-0659.



DELFI for Monitoring Therapeutic Response to Immune 
Checkpoint Inhibition in Advanced Solid Tumors

Medina J, et al. ESMO 2022 - In Collaboration with Evanthia Roussos-Torres, Roisin Connolly and Liz Jaffee (NCT02453620)

PFS by clinical response at week 10

All participants: baseline (N=50)

Clinical non-responders: week 10 (n=19)

Clinical responders: week 10 (n=8)

PFS by molecular response at week 10 PFS by molecular response in those with
SD clinical response at week 10
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Cell-free DNA Fragmentation Profiling for Monitoring 
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Delfi Diagnostics: spinout from JHU to develop clinically useful and 
widely accessible screening products based on DELFI technology

Increasing Stages of Rigor From Scientific 
Discovery to Validated Diagnostic Product

Courtesy of Jennifer Beuchel, 2023



Prospective,
observational 
case-control 

NCT04825834

Train classifiers 
for lung cancer 

detection…

20+ sites

N=2,500
participants with 

lung cancer, 
non-lung 

cancers*, and no 
cancer

≥50 years of 
age; current or 
former smoker; 
≥20 pack-years

FPI March ‘21

2,000+enrolled
… and 

multi-cancer 
detection

Prospective 
observational 

cohort
NCT05306288

Validate clinical 
performance of 
the DELFI lung 

cancer 
screening

40+ sites

N≈15,000 
participants 
undergoing 

LDCT screening

≥50 years of 
age; current or 
former smoker; 
≥20 pack-years

FPI April ‘22

L101

CASCADE 
- LUNG

Prospective National Clinical Trials to Validate DELFI 
Technology for Detection of Lung and Other Cancers

* bladder, colorectal, esophageal, gastric, head and neck, kidney, liver, and pancreatic



L101 Prospective Trial:  Participant Demographics 
and Clinical Characteristics

Lung Cancer Characteristics

DO NOT POST



No cancer; former smoking history (n=391)

No cancer; current smoking history (n=267)

L101 Prospective Trial:  Fragmentome profiles 
are not affected by smoking status

DO NOT POST

p-value = 0.41



No cancer; Female (n=313)

No cancer; Male (n=348)

L101 Prospective Trial:  Fragmentome profiles are 
not affected by sex

DO NOT POST

p-value = 0.20



No cancer; BMI < 25 (n=161)

No cancer; BMI >= 25 (n=500)

L101 Prospective Trial:  Fragmentome profiles are 
not affected by BMI

DO NOT POST

p-value = 0.78



L101 Prospective Trial:  Fragmentome profiles are 
not affected by benign lesions

No cancer; no biopsy (n=226)

No cancer; benign lesions (n=435)

DO NOT POST

p-value = 0.40



DELFI Cross-validated Classifier Distinguishes 
Lung Cancer With High Performance in L101

No cancer; no biopsy (n=226)

No cancer; benign lesions (n=435)

Lung cancer (n=294)

DO NOT POST

AUC = 0.81 (95% CI: 0.78, 0.84) 



▪ Genome-wide cfDNA fragmentome features detect cancer 
with high sensitivity, including in early-stage disease.

▪ Fragmentation profiles capture genomic and chromatin 
characteristics, including alterations known to be important 
in cancer.

▪ The high performance of cfDNA fragmentome analyses for 
cancer detection, along with its cost-efficient characteristics, 
could overcome the limitations of current cancer screens. 

Conclusions and Opportunities
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