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Comprehensive genomic profiling (CGP)

• Single NGS assay that assesses a 
variety of genomic alterations

• Single nucleotide variants, indels, 
splice variants, copy number 
variation, fusions 

• Genomic signatures, tumor 
mutation burden, microsatellite 
instability, homologous 
recombination deficiency 



Liquid biopsy approaches for sensitive 
and specific detection of cancer

Bruhm et al., Nat Genet, 2023, Mattox et al., Cancer Discov, 2023, Wang et al., PNAS, 2023, Sivapalan et al., Clin Can Res, 2023, Foda et al., Cancer Discov, 2023
Cohen et al., Nat Biotechnol, 2021, Cristiano et al., Nature, 2019, Anagnostou et al., Can Res, 2019, 2020, Cohen et al., Science, 2018, Phallen et al., Science TM, 2017  



Liquid biopsy methods for ctDNA detection

Landon et al., International Review of Cell and Molecular Biology , in press



The confounding effect of clonal hematopoiesis 
variants in clinical outcome prediction 

Sivapalan et al., presented at AACR24



ctDNA CGP may overcome 
challenges with tissue CGP

Aggarwal et et al., JAMA Oncol, 2019, Sabari et al., J Natl Cancer Inst, 2019



Capturing residual disease through liquid biopsies

Sivapalan et al., JITC Special Review Series on Liquid Biopsies, 2023, Anagnostou and Velculescu, Cancer Discovery, 2024



Landmark ctDNA MRD predicts outcomes for NSCLC
• Tumor-informed anchored multiplex PCR enrichment
• Assay sensitivity using a 50-variant panel at 0.01% VAF 

was > 90% at DNA input > 20 ng
• LOD 95 VAF 0.008% (80 PPM)
• Landmark ctDNA MRD assessed within 120 days of 

surgery: 25% ctDNA MRD+
• Clinical sensitivity 49% (fraction of ctDNA MRD+ among 

those who recurred) 
• Landmark ctDNA MRD+ patients had a hazard ratio of 5.3 

for OS and a hazard ratio of 6.8 for freedom from relapse 
relative to MRD- (P<0.001) 

• Landmark-positive patients had the longest lead times 
(228 days)

• Patients relapsing in the first year of surgery are more 
likely to be MRD positive

Abbosh et al., Nature, 2023

ctDNA MRD+
Recurrence +
(n=25) 

Clinical sensitivity 49%

ctDNA MRD-
Recurrence +
(n=26) 

51% discordance

ctDNA in-evaluable
Recurrence +
(n=19) 



What is the role of ctDNA MRD in navigating the 
evolving therapeutic landscape of early-stage NSCLC?
• Numerous treatment options are currently available to reduce the risk of recurrence in patients with early-

stage resectable non–small-cell lung cancer (NSCLC), including neoadjuvant and adjuvant immunotherapy,
which have been shown to improve outcomes in patients undergoing surgery.

• Major pathological response (MPR; ≤10% viable tumor cells remain after surgery) or pathological complete
response (pCR; no viable tumor cells remaining after surgery) have been shown to predict disease-free survival
post neoadjuvant immune checkpoint blockade and are commonly used as surrogate endpoints.

• Despite the expanding field, we are limited in our ability to risk-stratify patients for neoadjuvant
immunotherapy or personalize adjuvant therapy following neoadjuvant immunotherapy.

• It is imperative to employ ultra-sensitive ctDNA approaches to define the subset of patients who will benefit
most from additional therapy in the neoadjuvant/adjuvant space that is the pre-requisite stepping stone for the
design of ctDNA interventional clinical trials for patients with resectable NSCLC.

Felip E et al., Lancet, 2021, O’Brien M et al., Lancet Oncol, 2022, Cascone T et al., N Engl J Med, 2024, Heymach JV et al., N Engl J Med, 2023, Forde PM et al., N Engl J 
Med, 2022, Lu S et al., JAMA, 2024, Wakelee H et al., N Engl J Med, 2023 



IMpower-010: Adjuvant immunotherapy 
may delay ctDNA MRD emergence

Time to ctDNA+ by treatment arm

Felip et al., presented at ESMO Immuno-Oncology, 2022

DFS by treatment arm and post-chemo ctDNA clearance status



Pre-op ctDNA clearance predicts pCR and EFS 
with neoadjuvant chemo-immunotherapy

Forde et al., NEJM, 2022



Reck M et al., presented at ESMO 2024 

• In the AEGEAN clinical trial, patients with ctDNA detected at adjuvant C1D1 had the 
poorest disease-free survival outcomes compared to ctDNA-negative patients in 
both treatment arms. 

Post-op ctDNA clearance predicts DFS (AEGEAN trial)



ctDNA assessment may help refine 
the heterogeneity of non pCR

Kelly, Landon et al., Nat Med, 2024



Anagnostou, Forde et al., Cancer Res, 2019, Huang et al., J Immunother Cancer, 2022, Sivapalan et al., Clin Can Res, 2023, Murray, Sivapalan et al., Clin Can Res, 2024 

ctDNA dynamics during immune checkpoint blockade
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ctDNA Response

ctDNA Progression



CCTG BR.36, NCT04093167, Anagnostou et al., Nat Med, 2023

BR.36: A ctDNA-directed phase II/III study of molecular 
response adaptive immunotherapy in NSCLC



ctDNA-RECIST response concordance

Anagnostou et al., Nat Med, 2023

• BR.36 stage 1 met its 
primary endpoint. 

• The sensitivity of 
molecular response for 
RECIST best overall 
response was 82%, (90% 
CI: 52% - 97%), specificity 
was 75% (90% CI: 56.5% -
88.5%).

• Median time to ctDNA 
response 2.1 months

• Patients with mR attained 
longer PFS and OS. 



BR.36 stage 2-A Biomarker-Directed, Open Label, Multi-Center Phase II/III Study of 
Molecular Response Adaptive Immuno-Chemotherapy in Patients with NSCLC

NCT04093167, sponsored by the Cancer Research Institute, the Mark Foundation for Cancer Research and Labcorp/Personal Genome Diagnostics



De-escalate Early switch

Early switch Quick fail

Bridging scientific discovery with clinical 
cancer care through ctDNA-adaptive trials

Adapted from Sivapalan et al., Clin Cancer Res, 2023, Sivapalan et al., J Immunother Cancer, 2023



Take-home messages
• L iquid  b iopsy approaches  can be implemented in  c l in ica l  d iagnost ic  appl icat ions  in  

prec is ion-oncology.  

• ctDNA CGP complements  t i ssue CGP and has  advantages  in  captur ing tumor 
evolut ion and emerging therapeut ic  targets .

• Technica l  performance and biologic  noise  in  ctDNA CPG represent  chal lenges.

• Ser ia l  ctDNA measurements  and molecular  response are  promis ing ear ly  
endpoints .

• ctDNA molecular response adapt ive c l in ica l t r ia ls wi l l establ ish the role of ctDNA
as an ear ly endpoint of immunotherapy response.

• ctDNA MRD can be informat ive in navigat ing the expanding therapeut ic opt ions
for pat ients with ear ly stage NSCLC
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