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Circulating Tumor Cells 
(CTCs)

• Protein expression
• Gene expression
• DNA abnormalities
• miRNAs
• Epigenetic alteration
• Functional studies
• Single cell analysis
• Tumor heterogeneity

Circulating Tumor DNA 
(ctDNA)

• Tumor mutational burden
• Amplifications/deletions
• Translocations
• Point mutations
• Chromosomal abnormalities
• Tumor heterogeneity

ctDNA/methylation

• Epigenetic alterations
• DNA methylation 
• Tumor heterogeneity 

Circulating miRNAs

Extracellular vesicles

Liquid Biopsy
Definition



- Often invasive and expensive
- Risks of complications

Not  always  representative for the all  
tumor 
TUMOR HETEROGENEITY   → LOCALIZED

SINGLE (snapshot of the tumor)

- Patient-friendly, Minimally invasive  
-    costs and risks of complications

Representative of the tumor TUMOR 
HETEROGENEITY → GLOBAL 
INTEGRATED

SERIAL: Real-Time monitoring/Dynamic

Rapid turnaround time Low turnaround time

Treatment selection and assignment to clinical 
trials.  (larger sample sizes)

Difficulties in tissue sampling 
(smaller sample sizes)

Easily repeatable procedure Not always feasible  (multiple sampling?)

Tissue BiopsyLiquid  Biopsy 

vs

De Mattos-Arruda et al. Nat Rev Clin Oncol 2014;
 Siravegna et al. Annals Oncol 2019; 
Wan et al Nature Reviews Cancer 2017

Liquid Biopsy
Where does the need for liquid biopsy come from?



Heterogeneity in pts with NSCLC according to 
driver oncogenes

Heterogeneity  
within pts with 
EGFR mutations  

Heterogeneity  in resistance 
mechanism 
in one pt

KRAS
≃15% in Caucasians
≃30% in Asians

EGFR
≃15% in Caucasians
≃40% in Asians

HER2
≃3%

ROS1
≃2%

BRAF
≃1%

RET
≃1%

NRAS
≃1%

PIK3CA
≃1%

MET
<5%

Others?

T790M
≃30% by Digital PCR

L858R
≃40%

Exon 19 del
≃50%

Sensitive mutations

Resistance mutations

ALK
≃5%

EGFR-TKI

T790M

T790M

MET

Drug X

Further 
Heterogeneity

IkB
≃ 30%

BIM
20-40%

CRKL
3%

Precision Oncology 
The efficacy of target therapy is affected by… Tumor Heterogeneity 



Primary tumor Liquid biopsyMetastatic sites

Liquid Biopsy 
Representative of the tumor TUMOR HETEROGENEITY 



Mod from Paweletz CP, et al. JCO Precis Oncol 2019

«False Negatives»
in Liquid Biopsy

Insufficient DNA shed 
into plasma: 

(low tumor volume, 
eliminated by therapy)

cfDNA/ctDNA source:
Plasma, 

pleuric/peritoneal 
effusion, CSF 

Technical Issues: 
Insufficient sensitivity 

in older assays

«False Positives»

in Liquid Biopsy

Technical Factors: 

Sample differences
(>6 months from tissue to 

plasma sampling)

WBC contamination: 
Germline Variants 

Clonal Hematopoiesis

Tumor Heterogeneity: 
Positive Plasma & Negative 

Tissue 
(assumes tissue is 
Gold standard)

Relevant issues to be considered…
Risk of false negative and false positive results



Sacher AG, et al. JTO 2017; Passiglia F, […] Russo Curr Cancer Drug Targ 2018

A negative biomarker result on ctDNA should be 
validated using a biomarker test on tissue biopsy

The % of non-shedding samples is variable and depends on:

- Tumor stage, volume (Tumor burden)                                            -
Necrosis
- Tumor burden                                                                                 
- Proliferation index
- Histology (adeno K vs squamous for NSCLC)                                 - Tumor 
Vascularity
- Anatomical site (i.e. blood-brain barrier for intracranial T.,         - Pt’s renal 
function

extratoracic vs intrathoracic for NSCLC)
- Type of biological fluid (i.e. cerebrospinal fluid vs plasma

for intracranial T.)

Shedding tumor Non-shedding tumor

1 10 100

Tumor volume cm3:

Predicted VAF: 0,006% 0,1% 1,3%

95% CI 0,001 – 0,03% 0,05 – 0,17% 0,57 – 3,1%

Approx. 326 million malignant 
cells 
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Liquid Biopsy
Shedding or non-shedding tumor?



Liquid biopsy: False negative results
Choose the appropriate source of cf/ctDNA: a real-life experience

EGFR p.L858R EGFR p.T790M

Plasma cf/ctDNA

Pleural fluid cf/ctDNA

VAF: 
2.9%

VAF: 35%

VAF: 
0,3%

VAF: 
1,4%

VAF = Variant Allele Frequency 
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Found in Tissue
(n=16)

Found in Plasma
and Tissue (n=27)

Found in Plasma
(n=8)

Detection of therapeutically targetable mutation

M1b
 Liver metastases only

(n = 13)

Allele fraction 

Liquid Biopsy
Concordance rates between tissue and  ctDNA 

testing 
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Some considerations

- Main actionable mutations 
     Higher concordance rates  between tissue and  ctDNA T.: 
                         Range: 80 to ~100%

- All genetic alterations identified 
     Lower concordance rates between tissue and  ctDNA T.: 
                         Range: 60 to ~ 70% 

- Pts at diagnosis vs pts at progression
     Significantly higher concordance rates  between tissue 
     and  ctDNA T. in pts at diagnosis 

Literature review 2022



Non-informative test            

(LB test negative or inconclusive)

TRUE
POSITIVE

TRUE 
NEGATIVE

Informative test
             (LB test positive)

Results of 
Liquid biopsy 

NGS

Liquid Biopsy

Results of ctDNA testing



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

Surgery (or other) Treatment 1 Treatment 2
Time

PROGNOSTIC 
in early tumors or

molecular profiling 

Treatment selection

Mod from Wan et al. Nat Rev Cancer 2017

Liquid Biopsy
Applications of ctDNA in solid tumors
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Serial liquid biopsies

Clone 1 

Clone 2 

Clone 3



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

Surgery (or other) Treatment 1 Treatment 2
Time

PROGNOSTIC 
in early tumors or

molecular profiling 

Treatment selection

Mod from Wan et al. Nat Rev Cancer 2017

Liquid Biopsy
Applications of ctDNA in solid tumors
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Serial liquid biopsies

Experimental 
application 

Clinical 
application 



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

PROGNOSTIC 
in early tumors or

molecular profiling 
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Liquid Biopsy: Application of ctDNA in solid tumors 
MONITORING RESPONSE TO THERAPY AND CLONAL EVOLUTION

Serial liquid biopsies



Liquid biopsy

indications
Advanced
NSCLC

I clinical scenario

Advanced
NSCLC

Naive pts

II clinical scenario

Advanced
NSCLC

RECIST PD 
to EGFR-TKI

Liquid Biopsy: Recommendations AIOM/SIAPEC
Advanced NSCLC: two clinical scenarios

NSCLC



Liquid Biopsy: AIOM-SIAPEC-IAP-SIBIOC-SIF 2020
mNSCLC pts pre-treated with EGFR-TKI

mNSCLC fit patient treated with EGFR-TKIs

YES

1°-2° generation 
EGFR TKI

PD

TRIAGE TEST
Mutational 

analysis of EGFR 
p.T790M 
(ctDNA)

T790M+
RE-BIOPSY, 

when 
feasible

3° generation EGFR TKI

PD

-/not 
feasible

Molecular analysis of other biomarkers on liquid biiopsy
only within clinical trials (preferably NGS)°

3° generation 
EGFR TKI

PD

CHEMOTHERAPY

PD

T790M-
(~30% FN)

T790M+

NSCLC



Intrathoracic disease
versus

Extrathoracic disease ? 

Liquid biopsy: Diagnostic accuracy of ctDNA in NSCLC
Does metastatic site influence ctDNA sensitivity?

NSCLC
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NSCLC: EGFR ctDNA sensitivity according to the METASTATIC SITE

Meta-analysis of published trials 10 eligible studies, N= 1425 pts

T790M Mutation

Extratoracic diseaseIntratoracic disease

Extratoracic 
disease

Intraoracic
disease

Intraoracic diseaseExtratoracic disease

EGFR mutation
Extratoracic 

disease
Intraoracic

disease

Intraoracic diseaseExtratoracic disease

Forest plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-mutation testing by metastatic sites location (M1b vs M1a) 

Extratoracic disease Intratoracic disease

Intraoracic
disease

Extratoracic 
disease

EGFR ctDNA sensitivity according to the metastatic site: Extratoracic (M1b) vs Intrathoracic Disease (M1a)

5.09

Forest plot showing odds ratio for overall sensitivity of plasma ctDNA EGFR-mutation testing by metastatic sites location (M1b vs M1a)  and EGFR or T790M mutation 

NSCLC



Liquid Biopsy: AIOM-SIAPEC-IAP-SIBIOC-SIF 2020
mNSCLC pts pre-treated with EGFR-TKI

mNSCLC fit patient treated with EGFR-TKIs

YES

1°-2° generation 
EGFR TKI 

PD

TRIAGE TEST
Molecular 

analysis of EGFR 
p.T790M 
(ctDNA)

T790M+
RE-BIOPSY, 

when 
feasible

3° generation EGFR TKI 

PD

-/not 
feasible

Molecular analysis of other biomarkers on liquid biiopsy
only within clinical trials (preferably NGS)

3° generation 
EGFR TKI 

PD

CHEMOTHERAPY

PD

T790M-
(~30% FN)

T790M+

Consider the 
metastatic site!

NSCLC



COUGH

Start EGFR-TKI
treatment

Liquid biopsy
NSCLC: longitudinal monitoring of EGFR mutations

When switch to 3rd gen TKI: RECIST PD o molecular PD?
NSCLC

Radiological 
Progression

Molecular
Progression



Osimertinib until
RECIST PD

Gefitinib*
 Until cfDNA PD

(T790M+)

Osimertinib until
RECIST PD

Osimertinib until
RECIST PD

Gefitinib*
 Until RECIST

PD

Rebiopsy
At PD by RECIST

 (optional)

Rebiopsy
At PD by RECIST

 (optional)

Rebiopsy
At PD by RECIST

 (optional)

APPLE Trial design
Randomized, open-label, multicenter, phase II trial (NTC02856893)

R
1:1:1

N=156

ARM A

ARM B

ARM C

Primary End Point: PFS rate at 18 months
Secondary: ORR,OS, Time to Brain PD

Advanced NSCLC
Common mEGFR
Treatment naive

PS 0-2
Stable BM

Stratification:
- Del19 vs L858R
- Initial T790M +/- 
- BM +/-

* In case of RECIST PD without T790M+, pts will be 
switched

Future perspectives: APPLE trial
When switch to 3rd gen TKI: RECIST PD or molecular PD?

NSCLC

PFS>60%



APPLE trial: RESULTS
PFS-OSI-18 rate by INV. in arm B vs C, exploratory
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Time in months

ARM B ARM C

22                           20.2
0,80 (84% CI: 0.54-1.19); p=0.22

                      67.2 53.5

Median PFS (mo.)
HR; p-value

18-months PFS (%)

Gefitinib* Until cfDNA PD (T790M+)

Gefitinib* Until RECIST PD

* In case of RECIST PD without T790M+, pts will be 
switched

NSCLC
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Baseline 
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Irinotecan+Cetux Panitumumab
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PD

No treatment
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The change of KRAS during intermittent anti-EGFR treatment
reflects the  dynamic clonal selection  → Re-challenge may be a real option?

KRAS G13D

Liquid biopsy in CRC 
Dynamic change of KRAS during intermittent anti-EGFR treatment

Colon Cancer

KRAS G12V



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

PROGNOSTIC 
in early tumors or

molecular profiling 
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Liquid Biopsy: Applications of ctDNA in solid tumors
PROGNOSTIC/PREDICTIVE  in the advancedsetting

Serial liquid biopsies



Liquid biopsy

IndicationsAdvanced
NSCLC

I clinical scenario

Advanced
NSCLC

Naive pts

Advanced NSCLC:  2 clinical scenarios

LB: Recommendations AIOM/SIAPEC/SIBIOC-SIF

Current clinical indications
NSCLC



Liquid Biopsy: AIOM-SIAPEC-IAP-SIBIOC-SIF 2020
Pts with advanced treatment naïve NSCLC (Stage IIIB-C/IV)

Molecular profiling on non-squamous or non-squamous component NSCLC, 
or if clinical features may suggest a molecular driver

Surgical or cytological specimen with adequate quantity and/or 
quality of neoplastic cellularity

CYTO-HISTOLOGICAL SAMPLE
Molecular analysis of EGFR/BRAF 

activating mutations and   
ALK/ROS-1 fusions 

YES

Case-by-case clinical evaluationRe-biopsy
FIT
pts

LIQUID BIOPSY
Molecular analysis of EGFR/BRAF 

activating mutations (ctDNA)*; 
Analysis of other biomarkers 
ONLY within clinical trials 

(preferably NGS)°

UNFIT
pts

Negative

Positive

TREATMENT ACCORDING TO ONCOGENE-
ADDICTED GUIDELINES

Positive

YES

NO

Patient’s 
refusal

* EGFR exon 18, 20, 21 point mutations and exon 19 deletions; BRAF p.V600 activating mutations 

° ALK, ROS-1, RET, NTRK fusions; MET exon 14 skipping mutation and MET amplification, HER2 amplification, KRAS p.G12C point mutation

NSCLC



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

PROGNOSTIC 
in early tumors or

molecular profiling 
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Liquid Biopsy: applications of ctDNA in solid tumors

Detection of MRD

Serial liquid biopsies



DYNAMIC Study 
Adjuvant Chemotherapy Guided by ctDNA Analysis in Stage II

DYNAMIC Study design
Multi-centre, randomised, phase II non-inferiority trial (ACTRN12615000381583)

Stage II Colon 
cancer

• RO resection
• ECOG 0-2
• Staging CT within 8 

weeks
• Provision of adequate 

tumor tissue within 4  
weeks post-op

• No synchronus CRC;

Plasma Collections
Week 4 + 7 post-op Enpoints

Primary
• RFS rate at 2-yrs
 Key Secondary
• Proportion receiving 
      adjuvant chemo

 Secondary
• RFS by ctDNA status 
    for ctDNA-guided arm
• TTR
• OS

R
2:1

ctDNA-Guided management

• ctDNA-Positive       Adjuvant Chemo
    (oxaliplatin-based or single agent FP);

• ctDNA-Negative      Observation
N=455

Standard management

Adjunvant treatment decision based 
on clinico-pathologic criteria

ctDNA-Positive = Positive result at week 4 and/or 7

Colon Cancer



R
e
cu
rr
en

ce
-f
re
e
su
rv
iv
al

Follow-up (months)

ctDNA-Guided management

Standard management

Non-inferiority confirmed:
lower bound of 95% CI
lies above -8.5%

DYNAMIC Study: RESULTS
Post-op ctDNA-Positive: End-of-Treatment ctDNA and RFS

Recurrence-free survival

Colon Cancer



DYNAMIC Study: RESULTS
Post-op ctDNA-Positive: End-of-Treatment ctDNA and RFS

Treatment information ctDNA-Guided
N = 294

Standard management
N = 147

P-value

Adjuvant Chemo received, n 45 (15%) 41 (28%) 0.0017

Chemo regimen received, n
            Oxaliplatin-base doublet
     Single agent fluoropyrimidine

28/45 (62%)
17/45 (38%)

4/41 (10%)
37/41 (90%) < 0.001

Time from surgery to commencing
Chemo, median (IQR), days

83 (76, 89) 53 (49, 61)
< 0.001

Completed planned treatment, n 38 (85%) 38 (85%) NS

Percentage of full dose delivered
Median (IQR) 78 (56, 100) 84 (64, 100) NS
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Follow-up (months)

ctDNA and clinical Risk

ctDNA and T Stage

Colon Cancer

Adjuvant treatment delivery
ctDNA neg & low risk 

ctDNA neg & high 
risk 

ctDNA POS (treated) 

ctDNA neg & T3 

ctDNA neg & T4 

ctDNA POS (treated) 

RFS: ctDNA, clinical Risk & T Stage



• VEGA (ctDNA negative) and ALTAIR (ctDNA pos) trials of CIRCULATE-JAPAN;

• NRG GI-005 (COBRA) – stage IIA colon cancer active surveillance versus assay directed 
therapy;

• CIRCULATE US – stage II (ctDNA+) or stage III → de-escalate in ctDNA- (CAPOX-
FOLFOX v obs); escalate in ctDNA+ (CAPOX/FOLFOX v FOLFOXIRI);

• SU2C ACT3 trial – stage III ctDNA+ (FOLFIRI v obs); biomarker-directed exploratory 
cohorts.

Liquid biopsy
Prospective Studies Ongoing to Evaluate Actionability of ctDNA in Early Stage Colon CancerColon Cancer



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

CANCER DETECTION:
Screeenig or earlier diagnosis

PROGNOSTIC 
in early tumors or

molecular profiling 
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Liquid Biopsy: Application of ctDNA in solid tumors
PROGNOSTIC  in early tumors or molecular profiling 

Serial liquid biopsies
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BC NSCLC

Liquid Biopsy
PROGNOSTIC in early tumors or molecular profiling 

DFS by ctDNA status in overall population (pStage II-III)

ctDNA negative

ctDNA positive
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CRC

DFS stratified by ctDNA status 

ctDNA negative

ctDNA positive

OS stratified by ctDNA status 

ctDNA negative

ctDNA positive



Detection of 
MRD

PROGNOSTIC/PREDICTIVE 
in the advanced

setting

Monitoring response to Therapy 
and clonal evolution

PROGNOSTIC 
in early tumors or

molecular profiling 
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Liquid Biopsy: Applications of ctDNA in solid tumors
CANCER DETECTION: Screeenig or earlier diagnosis

Serial liquid biopsies

CANCER DETECTION:
Screeenig or earlier diagnosis



Pre-Cancer 
Cell

Cancer 
Cell

No 
Cancer Cell 

Mutations No Mutations 

Liquid biopsy: Screeenig or earlier diagnosis
Risk Not all somatic mutations are cancer…



Cohen JD et al, Science 2018

Liquid biopsy: cancer screening and early detection  
The CancerSEEK test

The CancerSEEK test
Study test: it can detect 8 common cancer types

Methods: assessment of circulating proteins and
mutations in cfDNA

Materials: 1005 pts with nonmetastatic cancers
(ovary, liver, stomach, pancreas, esophagus,
colorectum, lung, or breast) and 812 healthy
controls

SOME CONSIDERATIONS AND LIMITS 

• Median performance: 70% (ranging from 98% in OCs to

33% in BCss)
• Specificity: > 90%

• Proportion of detected cancer: higher in more advanced

stage (stage III)

• Technique: currently useful only on pts diagnosed with

cancer
• The proteins used are not cancer-specific (arthritis)

The CancerSEEK test



• Prospective, case-control, sub-study to assess the performance of cfDNA-targeted methylation 
analysis to detect and localize multiple cancer types

• N= 6689; 2482 cancer and 4207 non-cancer

• Sensitivity in all cancer types: 18% in stage I, 43% in stage II; 81% in stage III and 93% in stage IV 

MC Liu, GR Oxnard et al Annals of Oncology 2020

Liquid biopsy: cancer screening and early detection  
Multi-cancer detection using cfDNA-methylation signatures  
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Clinical stage Clinical stage

Pre-specified cancer types All cancer types (>50)



• Prospective, cohort study to assess MCED using targeted methylation NGS

• N= 6621 asymptomatic pts; 3681 with additional risk and 2940 without additional risk

• Cancer signal origin detected in 1.4%, Specificity 99.1%, PPV 38.0%, NPV 98.6%

Schrag, D et al ESMO annual congress 2022

Liquid biopsy: cancer screening and early detection  
PATHFINDER: Multi-Cancer Early Detection (MCED)

Results: Multi-Cancer Early Detection  (MCED)

TP (n) FP (n) Total (N)

35 57 92

Extent of Diagnostic Testing 
(Primary) 33 57 90

>1 Imaging Test (%) 90.9 93.0 92.2

>1 Invasive Procedure (%) 81.8 29.8 48.9

Time to Resolution [median days 
(IQR)]

57 
(33, 143)

162 
(44, 248)

79 
(37, 219)

Test Performance (Secondary)
n/N % (95% CI)

PPV 35/92 38.0 (28.8, 48.3)

NPV 6235/6321 98.6 (98.3, 98.9)

CSO Prediction Accuracy 33/34 97.1 (85.1, 99.8)



Bhartiya et al., Stem Cells (2023) 

In cancer 

Liquid biopsy: cancer screening and early detection  
Very Small Embryonic-Like Stem Cells: Novel Candidates for Detecting/Monitoring Cancer by LB



500 Non-Cancer Subjects  500 Cancer Subjects  

VSELs

What question could 
diagnostic technique answer?

Is cancer present?
Is cancer imminent?

What treatments might 
work?

Which type of cancer is 
developing? And which 
organ is at risk?

Is there cancer left 
after the treatment?

Tripathi et al., Stem Cell Reviews and Reports (2021) 

Liquid biopsy: cancer screening and early detection  
Very Small Embryonic-Like Stem Cells: Novel Candidates for Detecting/Monitoring Cancer by LB







Liquid biopsy: Future Perspectives
Potential detection and monitoring of IO biomarkers

Oncoimmunology  2020



Liquid biopsy

Is this the future?
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