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What are cancer biomarkers?

➢ A cancer biomarker is a characteristic of the tumor  that can be objectively 

measured and evaluated (i.e. the levels of a protein, a sequence of DNA etc.)

➢ Biomarkers can be detected in the tumor tissue or in the blood

➢ Cancer biomarkers can provide important information for:

✓The diagnosis of the tumor and of its recurrence

✓The definition of the prognosis (i.e. may indicate the aggressiveness of the 

tumor)

✓The prediction of toxicity of therapeutics

✓The prediction of response to specific drugs



Patients with the same signs and symptoms of 
cancer often have different outcomes

4

Vargas & Harris Nat Rev Cancer 2016

Biomarker testing is an important 

part of precision oncology, in 

which disease treatment are 

tailored to the characteristics of 

any individual patient



Clinical applications of cancer biomarkers

➢ Early diagnosis

➢ Prognosis

➢ Response to therapy



Impact of early detection of cancer

➢ Screening programs are available

only for breast, cervical and colon 

cancer and for lung cancer (only for 

high-risk individuals in some 

counties)

➢ We need easy, non-invasive 

methods for early detection of 

different tumor types



Liquid biopsy for early cancer detection

➢ Liquid biopsy is a generic term that

refers to the possibility to identify

biomarkers in bodily fluids and 

particularly in blood

➢ Different types of biomarkers can be 

detected in blood, including proteins, 

circulating tumor DNA (ctDNA) and 

circulating tumor cells (CTC)

➢ ctDNA testing is emerging as an 

adequate biomarker for early cancer

detection



Clinical applications of ctDNA assays for patients 

with cancer and expected DNA levels 

Pascual et al Ann Oncol 2022



Evaluation of cell-free DNA approaches for 

multicancer early detection

Jamshidi Cancer Cell 2022

Whole-genome (WG) methylation, 

single nucleotide variants with 

paired white blood cell background 

removal, and combined scores from 

classifiers evaluated in this study 

show the highest cancer signal 

detection sensitivities



Beer ESMO Congress 2023



Clinical applications of cancer biomarkers

➢ Early diagnosis

➢ Prognosis

➢ Response to therapy



Therapeutic strategies depending on tumour burden

in patients with cancer

Pantel Nat Rev Clin Oncol 2019

MRD: Minimal residual disease

➢ Some patients with early cancer are cured by 

surgery alone

➢ The presence of minimal residual disease (MRD) is

associated with a high risk of disease recurrence

➢ The identification of MRD can therefore allow the 

adoption of a therapeutic strategy based on the 

level of risk of the individual patient



Tumor type Pts

(screened)

Stage Time point Method HR RFS Author, year

CRC 230 (231) II 4-10 w post-surgery Safe-SeqS 18 Tie, 2016

CRC 96 III 32-52 d post-surgery Safe-SeqS 3.8 Tie, 2019

CRC 130 I-III 30 d post-surgery Signatera 7.2 Reinert, 2019

CRC 132 (155) I-III 6-8 w post-surgery dPCR 11.6 Tarazona, 2019

CRC 84 (103) I-IV 1 mo after therapy LUNAR-1 11.28 Parikh, 2021

CRC 59 (485) II-III 4–10 w post-surgery Safe-SeqS 7.56 Tie, 2020

CRC 240 II-III 4–10 w post-surgery Safe-SeqS 5.66 Chen, 2021

CRC 250 II 4–10 w post-surgery LUNAR-1 18 Masfarré, 2021

CRC 160 III 4-8 w post-surgery Signatera 7 Henriksen, 2022

MRD detection by ctDNA testing – CRC



MRD detection: open issues

Tie JAMA Oncol 2019

MRD: Minimal residual disease

Prognostic value of postoperative ctDNA in CRC patients



MRD detection: open issues

Tie JAMA Oncol 2019

MRD: Minimal residual disease

Prognostic value of postoperative ctDNA in CRC patients

➢ Almost all MRD positive patients have a 

disease recurrence

➢ Interventional studies are needed to 

develop effective therapeutic strategies to 

eradicate MRD



MRD detection: open issues

Tie JAMA Oncol 2019

MRD: Minimal residual disease

Prognostic value of postoperative ctDNA in CRC patients

➢ Almost all MRD positive patients have a 

disease recurrence

➢ Interventional studies are needed to 

develop effective therapeutic strategies to 

eradicate MRD

➢ A fraction of MRD negative patients still

has a disease recurrence

➢ It is not clear whether this is due to limited

sensitivity of the assays or to biological

features of the tumor

➢ In MRD negative patients, recurrence is

more frequently locoregional or in lymph

nodes or intracranial



ctDNA clearance after adjuvant chemotherapy

Tie ESMO Congress 2022 Kotani Nat Med 2023

➢ ctDNA clearance after adjuvant

chemotherapy is emerging as a 

early biomarker of response to 

treatment

➢ Opportunity to improve the 

chence of cure by testing new 

treatments in patients with no 

clearance of the ctDNA

➢ Early biomarker of activity of 

new drugs in clinical trials of 

adjuvant therapy?



Clonality in pre- and post-operative plasma from early 

NSCLC patients

Abbosh Nature 2023 



Clinical applications of cancer biomarkers

➢ Early diagnosis

➢ Prognosis

➢ Response to therapy





Advanced cancer patients eligible for a biomarker 

associated therapy 

Normanno Semin Cancer Biol 2021



Which NGS panel fits better in my workflow?

MEDIUM PANELS (50-100 genes)

➢ Single panel covering all clinical needs

➢ Single workflow with the possibility of pooling 

multiple samples and reducing costs

➢ Opportunity to validate a single panel to 

respond to multiple needs

LARGE PANELS (>300 genes)

➢ Comprehensive genomic 

profiling that covers all 

actionable mutations

➢ Provides information on 

complex biomarkers

➢ Costs increased

➢ Considerable complexity of 

data interpretation

SMALL PANELS (<50 genes)

➢ Specific panels by tumor 

histotype

➢ Limitations of pooling 

samples from patients with 

various diseases

➢ Complex workflow to manage

➢ Need to validate several 

panels (IVDR?)



Characteristics of patients enrolled in RATIONAL

➢ Pathway A: Patients with advanced solid tumors who already received a NGS test in clinical practice or 

clinical trials. In Pathway A, 70.6% tumor or liquid biopsy tests were performed with NGS panels covering 

≤52 genes

➢ Pathway B: Patients with no NGS data available were testes with a comprehensive genomic profiling assay

➢ In pathway A, at the time of testing 98/218 patients (45.0%) did not receive any treatment for metastatic 

disease, whereas 103/218 (47.3 %) had at least one line of therapy, with a maximum of five

➢ In pathway B, patients with no previous therapy were 112/520 (21.5%), while 404/520 (77.7%) received up to a 

maximum of 11 treatments before testing

Normanno Eur J Cancer 2023



Patients with GAs treated with matched targeted therapies

• We identified 324 GAs belonging to ESCAT levels I, II and III in 254/554 (45.8%) patients 

• Overall, 67/573 (11.7%) patients, for which FU data were available, received a targeted therapy, based 

on the result of molecular analysis

• In Pathway A, 25 patients with actionable GAs did not receive therapy due to lack of clinical trials or 

other pathways of access to drugs (n. 21; 84%) or poor clinical conditions or death at the time of the 

report (n. 4; 16%). 

• In Pathway B 16/115 patients (13.9%) died before the report was available, 32 (27.8%) died within 5 

months suggesting poor clinical conditions and 67 (58.3%) did not receive targeted therapy because 

no drug was approved and reimbursed in Italy or clinical trials or other pathways of access to drugs 

were available, or patients already received suggested therapy in previous lines

Normanno Eur J Cancer 2023



➢ In patients analyzed with CGP tests in 

the RATIONAL study, potentially 

germline pathogenic/likely pathogenic 

(P/LP) variants were detected in 69/580 

(11.9%) patients. 

➢ Only 4/23 patients (17.4%), for which 

we had information about genetic 

counseling, were referred to genetics 

consultation after molecular testing. 

ESMO recommendations for germline-focused analysis of 

tumour-only sequencing

Mandelker Ann Oncol 2019 Normanno Eur J Cancer 2023

Germline-focused tumour analysis can be restricted to variants of VAF >30% 
(SNVs) or >20% (small insertions/deletions)



Tissue-based testing remains the preferred test for many cancer patients, due to limitations 

of ctDNA assays detecting fusion events and copy number changes, although ctDNA assays 

may be routinely used when faster results will be clinically important, or when tissue 

biopsies are not possible or inappropriate.



PFS of EGFR mut NSCLC patients treated with 

Bevacizumab/Erlotinib or Erlotinib

PFS among patients 

classified by plasma 

EGFR detection at  

pretreatment (P0) and 

at 6 weeks from the 

start of treatment (P1): 

Type A, P0-/P1-

Type B, P0+/P1-

Type C, P0+/P1+

Fukuhara Ebiomedicine 2020



Dynamics of ctDNA levels and prognosis in patients treated

with durvalumab± tremelimumab

Zhang Cancer Discov 2020



Monitoring response to EGFR TKI with cfDNA testing

July 2018 September 2018

erlotinib osimertinib

Morabito Oncologist 2022 



Access to precision drugs and high quality biomarker
tests in Europe

Normanno Eur J Cancer 2022



Conclusions

➢ Biomarkers play an important role in the diagnosis of tumors, in defining the prognosis 

of patients and in predicting the response to precision therapies

➢ Access to biomarkers testing must be guaranteed to all cancer patients

➢ The implementation of comprehensive genomic profiling and liquid biopsy in the 

diagnostic workup will:

✓ Increase patients' chances of accessing new therapies through clinical trials

✓ Identify families with hereditary cancer syndromes

✓ Provide relevant information to improve the personalization and precision of 

therapies
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