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Can a blood-based cfDNA fragmentome approach detect disease progression in patients receiving immunotherapy? 

Our analyses provide a proof-of-concept framework that a cfDNA fragmentome-based approach may have 
broad applicability in the setting of monitoring disease in patients receiving immunotherapy. 

BACKGROUND
• Conventional computed tomography (CT) imaging is

the gold standard of care to guide clinical decisions for monitoring
patients with cancer receiving immunotherapy.

• Despite the advantages of CT imaging, relying on imaging
assessments to rapidly identify disease progression in patients
receiving immune checkpoint inhibitors (ICIs) is challenging.

• Cell-free DNA (cfDNA), acquired through noninvasive liquid biopsies,
may offer a new opportunity to detect and serially monitor responses
to immunotherapy in a timely manner.

• We investigated genome-wide cfDNA fragmentation profiles1,2 to
molecularly detect disease progression in patients with advanced
solid tumors receiving ICIs.

APPROACH
Study participants
• Participants in the phase 1 study of entinostat and nivolumab ±

ipilimumab for advanced solid tumors (ETCTN-9844; NCT02453620)
received an entinostat run-in 2 weeks before the addition of anti-PD-1
with or without anti-CTLA-4 ICIs.3

• Clinical disease assessments by CT scan were based on RECIST
v1.1 criteria and used to identify clinical responders (CR/PR) and
clinical non-responders (SD/PD).

Sample and data collection
• Blood samples were collected from 50 participants at baseline (BL),

48 participants after the entinostat run-in at week 2, and 27
participants at 10 weeks after ICI treatment initiation (Figure 1).

• cfDNA was extracted from plasma, constructed into genomic libraries,
and sequenced at low coverage across the whole genome (1-2×). All
samples from an individual were included in a library batch that also
included an interbatch control to limit any batch-specific effect.

Molecular monitoring
• Blood samples were evaluated using a molecular approach termed

DELFI-Tumor Fraction (DELFI-TF) that analyzes genome-wide cfDNA
fragmentation patterns (Figure 1).1,4

• Genome-wide cfDNA fragmentation features were included in a
Bayesian model to approximate the DELFI-TF as compared to best
response by RECIST v1.1.

Statistical analyses
• Progression-free survival (PFS) was defined as time to progression,

death, or last known alive date.
• Molecular response was defined as reduction (≥30%) in DELFI-TF

between the BL and 10-week timepoints.
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BL Week 2 Week 10
N=50 n=48 n=27

Age, n (%) 

>50 y 18 (67)

   ≤50 y 9 (33)

Sex, n (%) 

   Female 25 (93)

   Male 

35 (70) 

15 (30) 

47 (94) 

3 (6) 

33 (69) 

15 (31) 

45 (94)

3 (6) 2 (7)

Best overall RECIST, n (%) 

   CR 1 (2) 1 (2)  1 (4)

   PR 7 (14) 7 (26)

   SD 18 (34) 12 (44)

   PD 15 (30) 7 (26)

   Discontinued 9 (18) —

Histology, n (%) 

4 (8) 2 (7)

1 (2) 1 (4)

3 (6) 2 (7)
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1 (2) —

1 (2) —
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Table 1. Participant characteristics. Figure 2. Genome-wide fragmentation profiles reflect participant responses during immunotherapy. Figure 3. DELFI-TF identifies molecular responders and non-responders.

Figure 4. DELFI-TF molecular response categorization adds to radiographic assessment. Figure 5. DELFI-TF response categorization is associated with PFS.

• Fragmentation profiles at BL (N=50; multiple cancer types) revealed genome-wide fragmentation alterations (blue) evident by low correlation to profiles of non-cancer individuals.
• Compared with participants categorized as non-responders (n=19) by RECIST v1.1 clinical evaluation post-immunotherapy week 10, those categorized as responders (n=8)

showed fragmentation profiles with higher correlation to profiles of non-cancer individuals (gray).

• [A] Distribution of DELFI-TF estimates across serial blood collection timepoints and different cancer types showed no difference
between BL and entinostat/week 2 but a significant difference between BL and after ICIs/week 10 (Welch two sample t-test).

• [B] A 30% reduction in DELFI-TF from BL to week 10 captures RECIST responders.

• Within radiographic categories, molecular responses as determined by the change in DELFI-TF from BL to week 10
were assessed.

• Gray dashed line represents the threshold separating responders from non-responders.
• Importantly, three participants with radiographic SD showed ≥30% reduction in DELFI-TF at week 10.

• [A] Median PFS was 6.4 months (PR) vs 6.7 months (SD/PD)
• [B] Median PFS was not reached (responder) vs 4.5 months (non-responder)
• [C] Median PFS was not reached (SD/molecular responder) vs 5.2 months (SD/molecular non-responder)
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Figure 1. Schema of the DELFI-TF for 
monitoring during immunotherapy.

Participants with liquid biopsy draws at BL and after treatment with ICIs 
are evaluated for cfDNA fragmentation patterns. Responders to ICIs 
demonstrate decreased tumor-derived cfDNA in the blood, compared 
with non-responders. The dynamics of DELFI-TF are monitored in each 
participant and molecularly characterized. This framework may allow for 
the adjustment of therapy depending on participant response.

CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.




