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Liquid biopsy can provide clinically-valuable information along 
the whole patient journey

.

Adapted from Wan, J.C.M., et al., (2017) Nat Rev Cancer 17:223-38.
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Russo A (Rolfo C), et al. Expert Rev Mol Diagn 2019 , Lo et al., Science 372, eaaw3616 (2021) 

The liquid biopsy family in Early Detection



Evaluation of Cell-Free DNA Approaches for 
Multi-Cancer Early Detection

Liu et al, ESMO 2021

CCGA1 CCGA2 CCGA3

Discovery Training / Validation Validation 

Chromosome Alterations

Methylation Patterns Methylation Patterns

Machine-learning classifier to 
differentiate cancer vs non-

cancer and predict CSO

Methylation Patterns

Mutations
Clinical Validation supporting 

Galleri™ launch

Liu et al  Annals of Onc 2020, Klein EA, et al. Ann Oncol 2021



CCGA SUBSTUDY 1: RESULTS
Participant Disposition

2,800 Participants
1,628 Cancer,

1,172 Non-Cancer

Training Set: 1,785
Clinically Locked

Validation Set: 1,010
Clinically Locked

• 5 participants not 
clinically locked were 
excluded

• 52 (3%) excluded based 
on eligibility criteria

• 96 (6%) excluded due to stage 0 or 
missing stage

• 3 (<1%) excluded for other clinical 
reasons

• 51 (3%) excluded due to unevaluable 
assay data for ≥1 assay

• 169 (10%) technical controls* excluded

1,733 Clinically Evaluable
984 Cancer

• 866 stage I-IV
580 Non-cancer
169 Technical Controls*

980 Clinically Evaluable
576 Cancer

• 469 stage I-IV
368 Non-cancer

36 Technical Controls*

1,414 Analyzable with Assay Data
854 Cancer

• 833 solid + lymphoma
• 10 leukemia
• 11 multiple myeloma
• 296 with analyzable tumor 

tissue and detectable cTAF
560 Non-cancer

847 Analyzable with Assay Data
485 Cancer

• 464 solid + lymphoma
• 13 leukemia
• 8 multiple myeloma
• 113 with analyzable tumor 

tissue and detectable cTAF
362 Non-cancer

• 82 (8%) excluded due to stage 0 or 
missing stage

• 0 (0%) excluded for other clinical 
reasons

• 15 (2%) excluded due to unevaluable 
assay data for ≥1 assay

• 36 (4%) technical controlsa excluded

• 30 (3%) excluded based 
on eligibility criteria

Substudy 1: 
Discovery analyses of 3 

independent assays

Substudy 2: 
Assay refinement
4,487 Participants

Substudy 3: 
Further assay validation

5,309 Participants

The Circulating Cell-free Genome Atlas (CCGA) Study
Three pre-specified CCGA substudies

15,254 participants (non-cancer, 44%; cancer, 56%)

Excluded

Excluded

aTechnical controls: non-smoking, under the age of 35.
cTAF, circulating tumor allele fraction Minetta C. Liu – Discussant Christian Rolfo



CCGA SUBSTUDY 1: RESULTS
Cancer Signal Detection

Minetta C. Liu

CI, confidence interval; SCNA, somatic copy number alteration; SCNA-WBC, somatic copy number alterations with correction for clonal hematopoiesis noise; SNV, single nucleotide variant; SNV-WBC, single nucleotide variants with 
correction for clonal hematopoiesis noise; TP, true-positive; TS, targeted sequencing; WG, whole-genome; WGS, whole-genome sequencing 

* p<0.01; ** p<0.001; *** p< 0.0001. p-values were only computed for the validation set and 
represent paired McNemar analysis versus WG methylation.



Klein EA, et al. Ann Oncol 2021



Christian Rolfo
All subtypes have the same sensitivity?

Oxnard et al, ESMO 2019, Klein EA, et al. Ann Oncol 2021



ctDNA Fragmentomics: Recognizing the complexity

Lo et al., Science 372, eaaw3616 (2021) 

• Open or closed chromatin regions differ 
in their nucleosome repeat lengths and 
gene expression levels which in turn 
may increase or decrease nuclease 
accessibility. 

• The majority of circulating DNA 
fragments are mononucleosomal in 
length, and nucleosomal packaging 
affects the cell-free DNA size. 

In patients with cancer, fragmentation patterns in cfDNA appear to 
result from mixtures of nucleosomal DNA from both blood and 
neoplastic cells. 



Fragmentomics in a Single-tumor test

Non-cancer individuals: 236 
Patients with Lung cancer 129

80% specificity 

Cristiano S, et al. Nature 2019



Christian Rolfo
SURVIVAL IMPACT

High risk 
population Missing 

in the current 
analysis and 

validation

Assay Classifier Accuracy

WGBS WG 
methylation 75% (95/127)

Cancer Signal Origin Prediction Accuracy

Cristiano S, et al. Nature 2019, Klein EA, et al. Ann Oncol 2021



Christian Rolfo

Clinical Limit of Detection

• Among the lowest clinical 
LOD measured

• Unlike SNV-WBC and pan 
feature, does not require 
removal of biological 
background from paired 
WBCsCirculating Tumor Allele Fraction (cTAF)

Rolfo C & Russo A. Nat Rev Clin Oncol 2020



Take home message from Liu et al abstract: 
Strengths:  

• Impressive research in multi-omics to confirm WG methylation approach as the 
most promising one for MCED

• cfDNA WG Methylation is less complex and avoid confounding factors

• cfDNA WG Methylation has Validation at high specificity >>> FDA Approval

Questions still open: 
• Heterogeneous population, including solid tumors and hematologic 

malignancies

• It’s necessary to include Stage IV? 

• Missing data of high risk population –nodules discrimination: Useful in this 
scenario?

• Differences in Histology and other variants for each tumor type will affect the 
performance? 

Multi-
Omics 

WG 
Methlyation

Multi-Omics 
Beyond cfDNA



Machine Learning-Based Multiple Cancer Detections with 
circulating  MiRNA Profiles in Blood

Matzuzaki et al, ASCO 2021



Prospective Validation with New Technologies

Matzuzaki et al, ASCO 2021



The diagnostic model provided 88% accuracy for all five cancer types

Matzuzaki et al, ASCO 2021



Early vs Late Stage Breast Cancer Detection

Matzuzaki et al, ASCO 2021



Conclusions

Matzuzaki et al, ASCO 2021



Detection of any-stage cancer using plasma and urine glycosminglycans

Do GAGomes change from Normal levels in any cancer type? At which
stage?

Francesco Gatto, ASCO 2021



Harnessing Deregulated GAG 
metabolism led to the development
of GAG scores

Plasma & Urine GAGome in 1500+ 
samples from 553 Cancer Patients vs 
426 helathy

Francesco Gatto, ASCO 2021



Alterations of Plasma & Urine GAGome in Cancer Used to develop 
GAG Scores

Francesco Gatto, ASCO 2021



Plasma, Urine and combined Pan-Cancer GAG Scores Achived AUC=0.82-0.86

Francesco Gatto, ASCO 2021



Combined GAGomes Could predict tissue-of-origin with 74.3% 
Balanced accuracy

Plasma & Urine GAG Scores independently correlate with OS 

Francesco Gatto, ASCO 2021



Conclusions and Future Directions

Francesco Gatto, ASCO 2021



Liquid biopsy can provide clinically-valuable information 
along the whole patient journey

.

Adapted from Wan, J.C.M., et al., (2017) Nat Rev Cancer 17:223-38.
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Clinical Performance of Methylation-Based Liquid Biopsy test

This



Study Design



Results



Conclusions
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Liquid biopsy can provide clinically-valuable information along the whole 
patient journey
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Adapted from Wan, J.C.M., et al., (2017) Nat Rev Cancer 17:223-38.
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Current Status of CSF Liquid Biopsies



Cantor et al., Abstract ID: 2012 (343245)



Cerebrospinal Fluid CTCs for proton carnial irradiation for solid tumor 
leptomeningeal mets

Wijetunga et al, Discussant I. Mellinghoff



Clinical application of liquid biopsy in immunotherapy

ctDNA: circulating tumour DNA; ICI: immune checkpoint inhibitor.
Cabel, L., et al. (2018) Nat Rev Clin Oncol 15:639-50.
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Tebentafusp versus investigator choice in 1L mUM

While ORR was only 5%, OS was promising relative to historical published data

Tebentafusp
• Bispecific soluble TCR 

therapeutic
• Affinity-enhanced TCR fused to 

anti-CD3
• Designed to redirect T cells to 

gp100+ melanocytic cells

• RECIST response rate: 9.1%

• Progression free survival: HR 0.73 
(95% CI: 0.58, 0.94)

N=127 Historical 2L+1

Response rate 5% -
Duration of 

response 8.7 month  -

OS, median months 16.8 month 7.8 month
1-yr OS rate 62% 37%
2-yr OS rate 37% 15%

The authors claim that 
the radiographic 
assessment of tumors 
may under-estimate 
the effect of 
tebentafusp compared 
with the ctDNA.

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



N=127

ctDNA, any time point 
N=118

ctDNA, at baseline
N=116

ctDNA, at baseline & by Week 9
N=99

• New custom panel to detect melanoma 
ctDNA using multiplex PCR followed by 
NGS

• Including UM specific genes: GNAQ, 
GNA11, SF3B1, PLCB4, CYSLTR2, EIF1AX

R = 0.61, p = 1e-10

Baseline ctDNA vs. tumor size 

Using dDPCR and NGS

Correlation between baseline 
cfDNA concentration and 

pre-treatment tumor burden 
in pts with melanoma

Valpione S, et al. Eur J Cancer 2018

Plasma total cfDNA is a 
surrogate biomarker for 
tumor burden in melanoma 
patients

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



ctDNA changes and outcome with Tebentafusp
Linear correlation between ctDNA 

reduction and better OS  

Ricciuti, P.C., et al. (2020) ASCO poster 3518 Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



Utility of ctDNA for unclear radiographic scenarios: 
Differentiating Pseudoprogression from PD in Patients With 
Metastatic Melanoma Treated With PD-1 inhibitors

Lee JH, et al. JAMA Oncol 2018

Using dDPCR

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



ctDNA vs. radiographic response in melanoma patients treated 
with ICIs and BRAFi + MEKi

Marsavela G, et al. Br J Cancer 2021, Niemeijer ey al, Nature Comm 2018 

Changes in ctDNA levels
between the time of 
response and the time of 
progression.

These results highlight the low efficacy of ctDNA to detect disease
progression in melanoma when compared mainly to 

standard PET imaging

Using dDPCR and NGS

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



ctDNA reduction identifies patients with OS benefit, 
regardless best RECIST response

Patients with best response 
progressive disease  

Patients with best response 
stable disease

All evaluable patients

<0.5 log ctDNA reduction
<0.5 log ctDNA reduction

≥0.5 log ctDNA reduction

≥0.5 log ctDNA reduction

<1 log ctDNA reduction

≥1 log ctDNA reduction
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Time in months Time in months Time in months
Number at risk
55 42 26 13 5 1 0

44 39 32 11 7 2 0

Number at risk
31 20 10 5 1 0

17 15 10 2 1 0

Number at risk

28 24 17 6 2

11 11 10 2 1

HR 0.56 (95% CI 0.32-0.95)
p=0.03

HR 0.44 (95% CI 0.2-0.94)
p=0.027

HR 0.48 (95% CI 0.16-1.43)
p=0.16

35% of these patients had ≥ 
0.5 log reduction ctDNA

28% of these patients had ≥ 1 
log reduction ctDNA

44% of these patients had ≥ 
0.5 log reduction ctDNA

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo



Take home message from Shoushtari et al abstract: 

Strengths:  
• Drug and tumor specific study evaluating the role of ctDNA

as surrogate of  response 

• Important correlation of ctDNA levels and OS.

• RR better evaluable with ctDNA

Questions still open: 
• It’s RECIST Criteria a good comparator for biological 

response?

• New approach as Immuno-PET to be correlated with ctDNA

• This benefit could be also observed beyond second line? 

• Blood first approach a new assessment tool delaying CT 
scan in IO? 

Shoushtari et al, ESMO 2021,  Discussant C. Rolfo
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