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Almasri et al, Int J Mol Sci 2025

Liquid biopsy: relevant clinical applications

Technical challenges
• Complement the diagnosis of 
inaccessible tumor sites (eg, deep tumor
masses, CNS lymphoma, intravascular
lymphoma) 

Liquid biopsy is the analysis of tumor 
biomarkers isolated from biological fluids of 

cancer patients



Jamal E, et al. Leuk Lymphoma 2024 Lauer EM, et al. Leukemia 2022
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Liquid biopsy in DLBCL 

The NCCN guidelines incorporate circulating ctDNA testing for MRD assessment in 
patients with PET‐positive DLBCL at the completion of first‐line therapy (2025)



Kurtz DM, et al., JCO, 2018

Pre-treatment levels of ctDNA correlate with EFS in both TN and in R/R DLBCL

Baseline ctDNA is a robust biomarker in DLBCL

Early molecular response (EMR), defined as a 2-log reduction in ctDNA levels
after one cycle of therapy
Major molecular response (MMR), characterized by a 2.5-log reduction after
two cycles, have been significantly correlated with better PFS and OS. 

IGH
Clono-seq



Moia et al., Blood Advances. 2025

Liquid biopsy reflects the molecular characteristics 
and clinical impact of molecular clusters identified on tissue biopsy

N=166 DLBCL
N=77 DLBCL

Capp-seq LymphGen tool
Classified 46.5% of LN and 40.3% ctDNA

95.8% concordance

After a median follow-up of 40.6 months, 40-m PFS 68.2% and OS 85.2%

18 patients (29.5%) were classified
as EZB, 15 (24.6%) as BN2, 12 

(19.7%) as MCD, 11 (18.0%) as ST2, 
and 5 (8.2%) as A53. 



BN2/ST2 clusters predict outcome 
in patients with ctDNA levels >2.5 Log10 hGE

ctDNA >2.5 Log10hGE

p=0.013

Cluster 
ST2/BN2
p=0.038

NO YES

Not further
Stratified

Moia et al., Blood Advances. 2025

ctDNA levels of <2.5 log10 hGE/mL and/or BN2/ST2 cluster = Low-risk patients (n= 51)
ctDNA levels of ≥2.5 log10 hGE/mL and no BN2/ST2 cluster = High-risk patients (n= 115) 

4-y PFS 
75.3% vs 38%

4-y OS 
87.8% vs 47.1%



Multivariate analysis for PFS

PFS at 40 months 58.1%

PFS at 40 months : 91.1%

PFS at 40 months 12.1%

OS at 40 months : 74.6%

OS at 40 months : 94.6%

OS at 40 months 27.3%

PET parameters, ctDNA levels and BN2/ST2 clusters 
independently predict PFS: A three-variable prognostic model

Low risk (n=57) -1.5 to 0.5 points

Intermediate risk (n=41) 1 to 1.5 points

High risk (n=22) 2.5 points

Dondolin et al., Leukemia 2025

1.5 point PET+, 1 point high ctDNA, -1.5 point BN2/ST2 

High risk PET: at least
one PET/CT parameter
among tMTV, tTLG and 

Dmax above the 
respective cut-off



Soscia et al. Haematologica 2025 

MRD by ctDNA IGH-IGk

MRD on ctDNA during treatment

After a median follow-up of 40 months (range, 1-72), OS was 76.6% and PFS 72.6%

MRD on ctDNA at EOT MRD on ctDNA in CMR PET/CT

N=73 DLBCL
LN 91% clonality IGH/IGk

ctDNA 93% clonal IGH/IGk

Tumor clonotype vs plasma clonotype:
1. Identical clone (69%)
2. Different clone (21%)
3. No clone on plasma (10%)



Sworder et al, Cancer Cell 2023

Liquid biopsy after CAR-T Simultaneous tumour and effector profiling (STEP)
an integrative targeted sequencing and analysis technique

cfDNA that comprised:
- ctDNA
- infused CAR19 DNA (cfCAR19) 
- nonengineered T cell receptor DNA (cfTCR). 

Mutations associate to inferior PFS
TMEM3OA (increased in TAM)
IRF8 (increased Tregs)
CD19
PPM1D
TP53
Gains CD274

The use of short cfCAR19 DNA as a surrogate metric for 
difficult-to-measure intratumoural CAR T cells



Liquid biopsy in follicular lymphoma 



Fernandez-Miranda et al., Clin Canc Res. 2023

Higher levels of ctDNA correlates with FLIPI, Grade, 
extranodal involmente and LDH

Pre-treatment 580 hGE/mL was established 
as the optimal cut-off for non-CR or POD24 prediction

Baseline ctDNA levels and patients’ outcome 

N=36 patients (R-CHT)
Median f-up 3.4 y

73% of mutations detected in LN were identified in basal ctDNA

Targeted-seq



Delfau-Larue, M. et al. Blood adv. 2018

Baseline ctDNA levels and PET 

Plasma quantification of BCL2::IGH copies



POD24 prediction sensitivity 88%, specificity of 100%
PPV 100% NPV 96%

Jiménez‐Ubieto et al. Leukemia 2023

N= 58 FL in first line, 
41 with PET and MRD at EOI 

EOI PET and ctDNA to predict POD24? 
Targeted-seq



EOI PET and ctDNA to predict POD24? Phase III Relevance Lysa trial 

Claudel et al, Blood 2025

N= 144 
POD24 12%

EOI 
PET+ 20/124 (16%)
ctDNA+ n= 12/124 (9.7%)

• A mutational profile could be identified 
from cfDNA in 99% (140/141) of 
patients.

• A significant correlation was found 
between ctDNA load (median 2.39 log 
hGE/mL (range 1.01 to 4.20) and TMTV
(median 298 mL, range 5 to 3100) 
(p=0.023). 

• Phased variants were detected in 124 
patients (87.9%) at diagnosis and were 
used for MRD analyses.

At EOI PET+/MRD+ identified POD24 patients 
with a NPV and PPV of 94% and 85.7%
respectively.

Median follow-up 6.4 years
Median PFS 
NR PET- vs  28.3 m PET+ (16%)
NR MRD- vs 17.7 m MRD+

. 



Liquid biopsy in Hodgkin lymphoma 

Velasco-Suelto J, et al. J Exp Clin Cancer Res. 2024



Alig et al., Nature. 2024

Distinct Hodgkin lymphoma subtypes identified on liquid biopsy (i) 
N=366 pediatric and adult cHL

293 patients (80%) with sufficient ctDNA burden
WES/TGS and bulk RNA-seq

SOCS1 (60%), TNFAIP3 (50%), B2M (39%), STAT6 (34%), 
CSF2RB (24%), GNA13 (23%), PTPN1 (18%) ARID1A 
(17%) 

Amplification at 2p15 (REL), 9p24.1–9p24.2 (CD274-PDL1), 
5p15.33 (TERT), 17q21.31 (MAP3K14-NIK)
Deletions at 6q27 (TNFAIP3), 17p13.1 (TP53), 9p21.3 
(CDKN2A/B), 11q22.3 (BIRC3), 6p21–22 (H1- 5,HLA-A,HLA-C)

Cluster H1 (68%)
High mutation burden, 

in NF-κB, JAK–STAT and PI3K 
signalling pathways.
Bimodal peak of age

Cytokine response signature
MHC class I loss

Cluster H2 (32%) 
various CNA events, 

TP53 and KMT2D mut
Younger patients

EBV enriched
Worse outcome

PDL1 amp & T-cell exhaustion

109 patients for ctDNA MRD by phased
variant enrichment and detection

sequencing (PhasED-seq) 



243 patients from GHSG trials
(HD21, NIVHAL, Euronet PHL C2)

WES/TGS and bulk RNA-seq

Heger et al., JCO. 2024

H1

H2

Different outcomes of biologic subgroups that harbor
specific vulnerabilities? 

Immune escape phenotype can be sensitive to CPI?

Distinct Hodgkin lymphoma subtypes identified on liquid biopsy (ii) 

Mutations TNFAIP3, ITPKB, 
IGLL5, B2M
Cold TME

Neutrophils and 
macrophages TME
Adaptive immune

B-cells, T-FH, Tregs TME
«reduced antitumor

immunity»

MRD: limit of detection of the assay (6.54 x 10^-6) 



MRD Capp-Seq
Interim MRD+ 6%

Genetic subtypes of cHL are driven by genetic 
instability rather than mutation clustering

Whole-genome duplication (24% of cases) 
is the sole genetic factor significantly 

linked to adverse prognosis
(+ in 28% C1; 13.5% C2)

HR 95% CI p

MTV (continuous) 1.001 1.000-1.002 0.061887

GHSG stage 1.505 0.696-3.256 0.298710

IPS >2 2.787 1.340-5.769 0.006092

WGD+ 2.411 1.125-5.165 0.023602

Pirosa et al., Blood 2025

Distinct Hodgkin lymphoma subtypes identified on liquid biopsy (iii) 

C1 (64%)
High mutation burden, 

nonsynonymous mutations in 
coding genes targeted by AID 

hypermutation and by 
noncoding SHM in the BCL6 
intragenic superenhancers

C2 (36%)
higher SCNA burden, 

chromosomal instability
(lower mutation density) EOI MRD+ 16%



MRD by ctDNA in S1826 trial: Nivo-AVD vs Bv-AVD

Paczkowska J et al. ICML #21, presented by Herrera A 

388 advanced HL

Baseline MTB correlated with clinical features:
IPS score (0–3 vs. 4–7, p < 0.0001) 
B symptoms (p < 0.0001) 

undetectable ctDNA at C3D1: 
2 years PFS 91% versus 2 years PFS 64% in the 
ctDNA+ group, p < 0.0001. 

C3D1 (N‐AVD: ctDNA PFS 95% versus ctDNAþ, 74%; BV‐AVD: 
ctDNA− 2 years PFS 88% versus ctDNAþ 53%, both p < 0.0001). 
pts with a > median (3.64) log fold drop in MTB at C3D1 had
slightly less favorable outcomes.
In contrast, pts with < median log-fold drop at C3D1 had
significantly inferior outcomes: 2 years PFS in all, N‐AVD and 
BV‐AVD pts of 41%, 59% and 25%, all p < 0.0001. 

Molecular tumor burden, MTB
log‐fold changes in haploid genome equivalents
per milliliter of plasma (hGE/mL) 

EOT presence versus absence of detectable ctDNA and PFS 
All = ctDNA−, 2 years PFS 92% vs. ctDNAþ 42%
N‐AVD = ctDNA−, 2 years PFS 93% vs. ctDNAþ 47% 
BV‐AVD = ctDNA− 2 years PFS 91% vs. ctDNAþ 39%, all p < 0.0001. 

Capp-seq



MRD by ctDNA in GHSG phase II NIVAHL trial

Heger et al. ICML 2025

Early unfavorable HL

6/19 (31.6%) MRD negativity after just 
one infusion of nivolumab.

Inflammatory immune escape HL or Virally‐driven HL 
had higher rates of MRD negativity compared with

Oncogene‐driven HL (50% versus 23.1%) 

At EOI, 8/ 24 (33.3%) patients were PET positive, 
while MRD indicated complete molecular

remission in 24/24 (100%) of patients



• References: 51

«Technical standardization and 
careful prospective evaluation of 
the role of ctDNA monitoring in 
clinical studies represent current
important challenges to allow its
application in routine practice». 

• References: 105

«In lymphomas, ctDNA is well
characterized, increasingly integrated
into clinical trial designs, and may
serve to inform future response-
adapted treatment strategies»

Huet & Salles. JCO Oncol Pract 2020 Schroers-Martin & Alizadeh, JCO Oncol Pract 2024

….but ct-DNA analysis in clinical practice is still…



• ClonoSeQ (Adaptive Biotech) relies on the use of multiplex primers targeting the IGH and Igk to identify and quantify tumor-
specific clonotypic rearrangements. 

• cAPP-seq detects tumor-specific mutations in ctDNA using a selector probe set designed for the specific tumor type of interest
and suppresses technical errors through the use of a unique barcoding strategy together with a downstream bioinformatic
algorithm that eliminates sequencing errors and stereotypic background noise

• Phased variant enrichment and detection sequencing (PhaseD-seq) tracks two or more phased variants on the same strand
of DNA molecule. It lowers both the technical and background signal-to- noise ratio enabling ctDNA monitoring down to a 
detection limit of ∼0.00005% 

Technologies for ctDNA analysis:  multiple assays and methods are available in DLBCL



Cherng & Herrera. et al, Current Treatment Options in Oncology 2024



Conclusions 

•Before treatment and with a non-invasive approach, liquid biopsy allows to identify molecular

subgroups with prognostic relevance and possibly predictive impact (DLBCL, HL)

•After treatment, liquid biopsy allows a non-invasive MRD evaluation with prognostic impact and

refines the metabolic response of PET/CT (DLBCL, HL, FL)

• The integration of liquid biopsy and PET parameters and other clinical and histopathological

features should be used to design clinical trials for high-risk patients

• The applicability in clinical practice remains an issue



CHOP or Bendamustine combined with R (rituximab, original or biosimilar; D1 of each cycle) or combined with G (obinutuzumab, according to approved label, i.e.,

D1,8,15 in C1, D1 in subsequent cycles) or CVP combined with G (D1,8,15 in C1, D1 in subsequent cycles); Response assessment per International Lugano 2014 criteria.

GAZEBO TRIAL

FOLL19 TRIAL

• Space for :

1) Tumor burden at baseline (cfDNA + PET TMTV)

2) Mutations (liquid biopsy) at baseline

3) Esplorative marker screening at baseline and MRD on plasma

4) Microbioma

5) Other….



Networks are the key of success
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