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Abstract 
 
 
 

 

Despite the increasing implementation of targeted and immune-based treatments, the prognosis of 

patients with advanced non-small cell lung cancer (NSCLC) remains dismal. Namely, the 

quantification of cell-free DNA (cfDNA) or extracellular vesicles (EVs) content might be significant 

for cancer prognostication and response assessment. The LEXOVE trial is a prospective cohort study 

including the monitoring of treatment-induced changes in the blood profile in treatment-naive 

advanced NSCLC patients. Agreement between cfDNA/EV dynamics and radiographic tumor 

response was evaluated in patients with available plasma samples from baseline (T0) to radiologic 

evaluation (T1). From February 2020 to May 2022, 73 treatment-naïve subjects were consecutively 

included.  A total of 315 liquid biopsy paired samples were collected from 63 patients at baseline 

and from 47 patients at disease re-evaluation. We further isolated and characterized EVs from plasma 

samples of 22 patients using an affinity purification method and the Dynamic Light Scattering (DLS) 

technique. According to the median cfDNA value (0.61 ng/µl) at baseline, the median PFS resulted 

to be 8.4 (95% CI: 2.5-14.3) and 4.2 (95% CI: 2.5-5.9) months (p=0.043), whereas the OS being 30.3 

(95% CI: 18.4-42.1) months and 4.7 (95% CI: 2.6-6.9) months (p<0.0001) in patients with lower and 

higher cfDNA levels, respectively. Interestingly, a higher value for PFS was observed in the 

oncogene-addicted cohort (0.92 ng/µl) whereas a lower level for OS was detected in the patients’ 

cohort receiving CT only (0.50 ng/µl). Notably, when assessing the agreement between radiographic 

and cfDNA response, a fair concordance for 20% cfDNA response (Cohen’s kappa coefficient = 

0.001) was observed between early and durable radiographic and cfDNA response. Compared to the 

healthy donor, the number of EVs (R90) resulted to be significantly and steadily higher in patients 

with advanced NSCLC both at T0 and T1. When assessing the agreement between radiographic and 

EVs protein content (cfEXO) response, a fine concordance for 20% cfEXO response (Cohen’s kappa 

coefficient = 0.033) was observed between radiographic and cfEXO response. Intriguingly, lower 

and higher cfDNA levels were matched to lower and higher R90 values in EGFR-positive patients 

with a partially responding or progressive disease, respectively. Overall, ECOG-PS 2 patients 

receiving chemotherapy plus pembrolizumab seemed to experience poorer survival in terms of both 

PFS (p= 0.015) and OS (p=0.036) as compared to single-agent pembrolizumab (p=0.842 and p= 

0.644 for PFS and OS, respectively), suggesting a possible predictive value of ECOG-PS in this real-

world clinical scenario. In conclusion, this explorative study confirmed the role of cfDNA in real-

time longitudinally monitoring while providing a proof of concept for identifying EVs by DLS as 

early biomarkers in treatment-naïve patients with advanced NSCLC.



 

 

CHAPTER 1 

 
 
 
 
 

Background, rationale and objectives 
 
 
 
Lung cancer is the main cause of cancer death worldwide with two million newly diagnosed 

cases, or 13% of all cancers diagnosed, in 2020.1 To date, the American Cancer Society’s 

estimates for lung cancer incidence and mortality in the United States are about 236,740 new 

cases (117,910 in men and 118,830 in women) and 130,818 deaths (68,820 in men and 61,630 

in women), respectively.2 In Italy, it is the second and third most frequently occurring cancer 

in men (15%) and women (12%), respectively, with 42,500 new estimated cases in 2019 

(29,500 in men and 13,000 in women) with still a geographic gradient for tumor incidence from 

North to South. The Italian Association of Medical Oncology (AIOM) and the Italian 

Association of Tumor Registries (AIRTUM) estimated moreover about 33,836 deaths from 

lung cancer in Italy in 2018, with a 5-year survival rate of 16%, influenced by the large 

proportion of patients with advanced stage, and 10-year survival of 12% (11% for men and 

15% for women). 

Current histologic classification for lung cancer refers to World Health Organization (WHO) 

and is recommended before any curative treatment. More than 95% of lung cancers scan be 

traced back to four main histotypes: squamous carcinoma, adenocarcinoma, large cell 

carcinoma and small cell lung cancer. In particular, non-small cell lung cancer (NSCLC) 

accounts for 85–90% of lung cancers including the three main histological subtypes: squamous 

cell carcinoma (30%), adenocarcinoma (40%), and large cell carcinoma (3–9%).3  

To date, molecular testing is recommended as part of broad mutational analyses including all 

these oncogenic driver alterations with the final goal of identifying specific targets for which 

tailored agents are available in the context of clinical trials. A personalized therapeutic 

approach based on the detection of activating mutations in the kinase domain of the epidermal 

growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK) rearrangements 

correlated directly with sensitivity to specific tyrosine kinase inhibitors (TKIs). In addition, 
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other important driver mutations found in NSCLC included kirsten rat sarcoma virus (KRAS), 

B-Raf proto-oncogene (BRAF) and ERBB2 (HER2) mutations, c-ros oncogene 1 (ROS1) and 

RET genes rearrangements and MET amplifications. So far both first- (erlotinib, gefitinib) and 

second-generation (afatinib) EGFR TKIs have been the standard first-line treatment options. 

Unfortunately, almost all patients would eventually develop drug resistance over time through 

secondary acquired mutations. Accordingly, a third-generation EGFR TKI (osimertinib) has 

been designed to target the T790M mutation which has resulted to be the most common 

mechanism of acquired or de novo resistance to TKIs (accounting for approximately 50-60% 

of pre-treated patients and with a variable frequency in treatment-naive patients) showing 

improved efficacy in treated and untreated EGFR mutated patients.4,5 Conversely, other 

mechanisms of resistance (including HER-2 and/or MET amplification, PIK3CA and/or BRAF 

mutation, small cell lung cancer transformation)6 were revealed to be relatively heterogeneous, 

only rarely occurring concurrently with T790M mutation and showing a much lower incidence. 

However, obtaining tissue re-biopsies for molecular analysis has resulted to be challenging in 

up to 50% of cases either due to patients’ comorbidities or insufficient and heterogeneous tumor 

tissue sampling7, claiming for the enthusiastic development of minimally invasive methods for 

molecular testing such as so-called liquid biopsy. Recently, the Food and Drug Administration 

(FDA) approved the first liquid biopsy companion diagnostic which relies on the molecular 

analysis of circulating cell-free DNA (cfDNA, released through cell death mechanisms such as 

necrosis and apoptosis in biofluids) using next-generation sequencing (NGS) technology. In 

this context, a primary challenge for the detection of circulating tumor DNA (ctDNA), the 

component of cfDNA released from tumor sites into the blood of cancer patients, has proved 

to be the low allelic frequencies mutation and low copy numbers of the mutation target. Thus, 

considering the low abundance and intermediate sensitivity of plasma ctDNA according to 

specific clinical contexts, a tissue re-biospy is still the gold standard in the case of a ctDNA 

negative result. Moreover, another paradigm shift in the treatment of NSCLC has been the 

introduction of immunotherapy with immune checkpoint inhibitors (ICIs) that disrupt co-

inhibitory T-cell signalling such as programmed cell death-1 (PD-1) or its ligand PD-L1, 

showing a clear clinical benefit with increased overall survival (OS) versus standard 

chemotherapy, both in the second-line setting (nivolumab, pembrolizumab and atezolizumab) 

and as first-line treatment in PD-L1>50% selected patients (pembrolizumab).8 Albeit durable 

responses and improved survival rates have been commonly observed suggesting a long-lasting 

immunologic memory in large subsets of patients treated with ICIs, some patients would 

experience primary or secondary immune escape which has not been comprehensively 
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explored and seemed to differ from the traditional static drug resistance of most anticancer 

therapies.  

Despite the increasing implementation of targeted and immune-based treatments, the prognosis 

of NSCLC patients remains dismal.2 In the precision oncology era, liquid biopsy has 

dramatically revolutionized the management of such patients potentially overcoming tissue 

biopsy limitations while entering the current clinical practice as a valuable diagnostic tool.9 

Namely, the quantification of ctDNA or cfDNA, released from tumor sites into the bloodstream 

of cancer patients, emerged as a minimally invasive approach to monitor the real-time tumor 

evolution with the kinetics of plasma ctDNA during standard treatments revealing as an 

efficacy predictor for NSCLC patients.10,11 In the era of personalized medicine, emphasis has 

been recently placed on circulating extracellular vesicles (EVs) for their role in facilitating 

early detection and diagnosis while improving treatment outcomes. EVs have been defined as 

double‐membrane structures of 20 – 2000 nm consisting of nucleic acids and proteins, released 

by a wide range of living cell types and found in various bodily fluids, participating in 

communication between cells and thereby contributing to tumor growth, metastasis, 

angiogenesis and drug resistance.12 An important feature of EVs is that nucleic acids in the 

lumen of these vesicles are protected from nucleases present in plasma and other biofluids by 

a lipid bilayer membrane, which allows for the isolation of intact and good quality RNA, DNA 

and proteins. Though not yet implemented as a clinically valid biomarker for the prediction of 

tumor responses, the peculiar advantages of using dynamic in vivo biomarkers make cfDNA 

and EVs appealing tools for therapeutic monitoring during anticancer therapies. Hence, 

additional data validating the role of such biomarkers in predicting and monitoring clinical 

outcomes in the first line setting of NSCLC are warranted. In this fascinating scenario, although 

several biomarkers have been described in the literature13,14,15,16, there remains an unmet need 

for the discovery of dynamic in vivo biomarkers to refine the clinical management of advanced 

NSCLC patients, predicting response and prognostics to eventually improve the optimal 

treatment sequencing while avoiding ineffective therapies and adverse side effects. 

Accordingly, a growing body of evidence has proved the utility of circulating EVs as minimally 

invasive biomarkers in different disease settings, even if merely at the preclinical level.17,18,19,20 

In NSCLC patients, albeit the ctDNA analysis remains the gold standard for routine clinical 

diagnostics, the interrogation of EV content might be complementary for cancer 

prognostication and response assessment. In this vein, differing methods of EVs isolation and 

characterization have been set out with the Dynamic Light Scattering (DLS) representing a 

promising technique for determining the particle size distribution in a colloidal suspension such 
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as plasma.21 Making use of the Brownian Motion of suspended particles in a solvent, DLS 

would enable the analysis of nanoparticles by evaluating the hydrodynamic diameter (Dz) and 

the Rayleigh scattering (Rex or R90) for the estimation of diameter and the number of vesicles, 

resepctively.22  

This explorative prospective study aimed to describe whether serial plasma cfDNA and tumor-

derived EVs measurements could longitudinally reflect response and resistance to available 

standard treatments, investigating the potential of cfDNA and EVs kinetics to predict clinical 

outcomes in advanced NSCLC patients undergoing first-line systemic treatments. The main 

objective was to identify specific liquid biopsy data (cfDNA- and EV-based) which could be 

measured longitudinally to evaluate the potential of predicting clinical outcomes and 

monitoring the therapeutic outcome while investigating novel potential biomarker dynamics to 

select patients with advanced NSCLC who are likely to respond to standard treatments. By 

using biophysics and bioinformatics approaches, this pilot study aimed to elucidate the role of 

early detection of circulating biomarkers as reliable biomarkers in terms of 

prognostic/predictive significance in the clinical setting, paving the way for a larger controlled 

prospective study. 
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CHAPTER 2 

 
 
 
 
 

Materials and Methods 
 
 
 
 
 

2.1 Study design and patients 
 
 
The LEXOVE trial is a prospective cohort study including the systematic assessment of tumor 

biopsies at baseline and the monitoring of treatment-induced changes in the blood profile in 

treatment-naive advanced NSCLC patients who were candidates to receive standard first-line 

treatments. From February 2020 to May 2022, patients with advanced NSCLC (stage IIIB to 

IV) treated at the Medical Oncology Unit of Paolo Giaccone University Hospital, Palermo Italy 

were consecutively enrolled. Tumor tissue was obtained by systematic biopsy at baseline and 

stored as a formalin-fixed paraffin-embedded (FFPE) sample at the Department "G. 

D'Alessandro", Pathology Institute, University of Palermo and at other referring Pathology 

Units. Isolation and characterization protocols along with survival analysis were carried out in 

patients with advanced NSCLC receiving available standard first-line treatments with available 

plasma samples. Agreement between cfDNA/EV response and radiographic tumor response 

was evaluated in patients with available plasma samples from T0 to T1 and at least two clinical 

follow-ups for therapeutic assessment. All FFPE samples were analyzed in the Laboratory of 

Molecular Oncology at the “Regional Reference Center for the prevention, diagnosis and 

treatment of rare heredo-familial cancers of adults Medical Oncology” (Medical Oncology 

Unit, Department of Surgical, Oncological and Oral Sciences, A.O.U.P. “P. Giaccone” 

University Hospital of Palermo), an accredited Italian reference genetic center for prognostic 

and predictive molecular testing in oncology. In collaboration with the Institute of Biophysics 
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at the Italian National Research Council (CNR), circulating EVs were isolated and 

characterized by DLS. 

Paired whole blood samples (∼5 mL) were collected at baseline and at the first radiologic 

evaluation of disease (within 12 weeks) during the treatment course according to a standardized 

protocol and stored frozen. All the patients underwent a CT scan every 3 months and radiologic 

responses were classified according to the Response Evaluation Criteria in Solid Tumors 

(RECIST) version 1.1. CT scans were collected at baseline and every 3–6 months as per clinical 

practice.23 Clinical and pathological characteristics of all NSCLC patients included in our study 

were retrieved from the clinical records available and were assessed retrospectively. Medical 

records of patients included in the study were reviewed to collect clinical information, 

including demographics, baseline clinical features, tumor- and treatment-related data. Only 

patients with adequate follow-up information, including disease status or death at database 

lock, and complete clinical records were considered for study analysis. Inclusion criteria 

included: (1) Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) of ≤ 2; 

(2) patients with histologically- or cytologically-documented NSCLC with unresectable stage 

IIIB-C or Stage IV Disease (according to Version 8 of IASCL TNM) who were treatment-naive 

and eligible for first-line TKIs (osimertinib, alectinib, crizotinib, dabrafenib+trametinib), IO-

based treatment (pembrolizumab +/- platinum-based chemotherapy [CT]) or CT only. 

Exclusion criteria included: (1) patients with other malignant tumors; (2) patients with ECOG 

PS ≥ 3; (3) patients who received prior first-line TKIs or IO +/- platinum-based chemotherapy; 

(3) patients with mental illness prohibiting informed consent. The study was approved by the 

Local Ethical Committee according to the principles outlined in the Declaration of Helsinki. 

The written informed consent to participate was obtained from all patients that permitted for 

use of their peripheral blood and clinical records.  

2.2 FFPE tissue collection, nucleic acids extraction and 
molecular analysis 

 
The mutational status was tested on the thickness of 10 μm obtained by biopsy at baseline or 

resected tumor tissue stored as FFPE samples for the detection of oncogene addiction. PD-L1 

immunohistochemistry (IHC) was carried out on 4-μm sections of FFPE tumor tissue samples 

using Dako PD-L1 IHC 28-8 PharmaDx (Agilent) and evaluated by a trained pathologist 

according to the tumor proportion score (TPS), defined as the percentage of positive viable 

tumor cells among all viable tumor cells evaluated.24  

The FFPE tissue samples were collected from the archive of the Pathology Department 
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University Hospital of Palermo or other referring Institutions of Pathological Anatomy. DNA 

and RNA nucleic acids were extracted from six 10 μm thickness FFPE tissue sections with an 

adequate percentage of neoplastic cells. The genomic DNA and RNA were extracted from 

FFPE tissue using the QIAmp FFPE Tissue Kit and RNeasy FFPE kit (Qiagen, Hilden, 

Germany), respectively and quantified in terms of ng/μl using QubitTM dsDNA HS Assay Kit 

and QubitTM RNA HS Assay Kit (ThermoFisher Scientific, Foster City, CA, USA), 

respectively. As recommended by the most recent AIOM and ESMO guidelines and according 

to clinical practice, a few nanograms of DNA and RNA including EGFR, BRAF, KRAS, ALK, 

ROS1 genes alterations, MET amplification, and eventually the gene fusion transcripts were 

tested using the OncomineTM Focus DNA/RNA panel. Moreover, the OncomineTM RNA 

assay offered the opportunity to evaluate the 5’/3’imbalance ratio at the ALK, ROS1, RET and 

NTRK1 genes as a fusion signature independently by the unknown partner. Libraries were 

quantified by Ion Library TaqManTM quantification kit on QuantStudio7 Pro Real-Time PCR 

System (Applied Biosystem) using Design&Analysis Software v2.4.3. The analytical 

sensibility of the assay achieved at an allelic frequency ≥5% was 100%, but the performance 

of every single run was referred to the data. The data were tested on an amplicon-based 

sequencing platform: Ion Torrent S5TM System.   The Oncomine Focus-520-w.30-DNA-

Single Sample and the Oncomine Focus-520-w.30-Fusions-Single Sample represented the 

workflow applied for the analysis of DNA and RNA samples. To test the reliability of data for 

DNA sequencing, we complied with the following thresholds: mapped read >300.000, mean 

read length >75 bp, uniformity >90%, and mean raw accuracy >99%. Whereas, for RNA 

sequencing, we considered acceptable an analysis with mapped read >50.000, mean read length 

>60 bp, and expression controls detected ≥3 out of 5. All reagents, kits and platforms used were 

ThermoFisher Scientific, Foster City, CA, USA. The data of DNA sequencing were analyzed 

with Ion Torrent TorrentSuiteTM (TS, version 5.18) processing the plug-in of Coverage 

Analysis and Variant Caller. Integrative Genomics Viewer (IGV v2.4.1) was used to visibly 

evaluate the alignments of sequences.  Pathogenetic changes in DNA, and RNA sequences with 

the related percentage of allelic frequency were annotated, only for DNA analysis, by Ion 

Reporter Software v5.18 applying the filter chains Oncomine variants for default use and 

DefaultFusion View 5.18, respectively. They were described using the HGVS standard 

nomenclature. To confirm the data of common pathogenic variants or the cases of poor quality 

and quantity DNA, 15-30 ng of DNA was amplified using EasyPGX ready 

EGFR/BRAF/KRAS kit with a LOD of 5%. After about 2h run, the data obtained on Real time 

EasyPGX System (Diatech Pharmacogenetic, Jesi AN-Italy) were analyzed using EasyPGX 
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Analysis Software v4.0.10. 

 
2.3 Plasma separation, DNA extraction, cfDNA 
quantification and molecular analysis 

 
Blood samples (∼5 mL) have been collected into K2 EDTA tubes at baseline before the first 

drug administration and at each instrumental disease re-evaluation during the treatment course. 

They were immediately processed for plasma collection and centrifuged twice (10 minutes at 

3000 rpm; 10 minutes at 16,000 x g). Sample processing was carried out within 2h of the plasma 

collection. Collected plasma samples have been used to extract cfDNAs as well as to isolate 

EVs. cfDNAs were extracted from 1 to 2 ml of plasma using QIAamp Circulating Nucleic Acid 

Kit (Qiagen). cfDNA quantified in terms of ng/μl using QubitTM dsDNA HS Assay Kit. Cell-

gree nucleic acids (cfNAs) were performed throughout time using OncomineTM Lung cfTNA 

Research Assay. Every single NGS run findings were compared with positive in-house control 

as a validation set. Libraries were quantified by Ion Library TaqManTM quantification kit on 

QuantStudio7 Pro Real-Time PCR System (Applied Biosystem) using Design&Analysis 

Software v2.4.3. Using 20 ng of cfNAs, the specificity of this kit was 99% at 0.1% of the limit 

of detection (LOD). The data were tested on an amplicon-based sequencing platform: Ion 

Torrent S5TM System. The Oncomine TagSeq Lung v2 Liquid Biopsy-w2.5-Single Sample 

represented the workflow applied for the analysis of cfNAs samples. To test the reliability of 

data for cfTNAs sequencing, we complied the following thresholds: total mapped reads >3M, 

median read coverage Avg 40,000 -Min>25,000, median molecular coverage >2,500. The data 

of DNA sequencing were analyzed by Ion Torrent TorrentSuiteTM (TS, version 5.18) 

processing the plug-in of Coverage Analysis and Variant Caller. The sequencing data were 

categorized by relevance with the related percentage of VAF as annotated by Ion Reporter 

Software v5.18 applying the filter chains Variant Matrix Summary (5.18) for default use. 

 

2.4 EVs isolation and characterization  
 

Following the minimal experimental requirements for isolating and characterizing EVs 

according to the 2018 position statement of the International Society for Extracellular Vesicles, 

we isolated EVs from 2 ml of plasma using exoEasy Maxi Kit (Qiagen, USA), a membrane 

affinity purification method based on commercial EV isolation kits, according to the 

manufacturer’s protocol. EV protein content (cfEXO) was determined by the Bradford assay. 

In brief, 10 µl of EVs resuspended in PBS were added to 200 µl of Coomassie Protein Assay 
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Reagent (Pierce, Rockford, IL, USA). The absorbance at 595 nm, was measured with the 

spectrophotometer (SPECTROstar nano BMG LABtech). The protein concentration was 

calculated using a standard curve of a dilution series of bovine serum albumin (BSA) whose 

concentrations are known.  Moreover, an aliquot of the isolated EVs, eluted in buffer XE, was 

pipetted, centrifuged at 1000 g for 10 minutes at 4 °C to remove any dust particles, poured 

directly into a quartz cuvette and put at 20 °C in a thermostated cell compartment of a BI200-

SM goniometer (Brookhaven Instruments) equipped with a He-Ne laser (JDS Uniphase 1136P) 

at 633 nm and a single pixel photon counting module (Hamamatsu C11202-050). The scattered 

light intensity and its time autocorrelation function g2(t) were measured simultaneously at 90° 

(R90) by using a BI-9000 correlator (Brookhaven Instruments). Absolute values for scattered 

intensity (excess Rayleigh ratio, Rex or R90) were obtained by normalization with respect to 

toluene and subtraction of the buffer signal.25 The excess Rayleigh ratio or R90 is proportional 

to the particle number concentration N, the squared weight-averaged mass (Mw)2, and to the 

form factor P(q); therefore, in the case of particles with the same size and shape, it can be taken 

as rough esteem of the vesicle amount. The autocorrelation functions were fitted by a two-

component Schultz distribution for the diffusion coefficient D.26,27 Then, the intensity-weighted 

distribution of hydrodynamic radii Dh is determined by using the Stokes–Einstein relation D = 

(kBT)/(3πηDh), where kB is the Boltzmann constant, T is the temperature, and η is the medium 

viscosity, that is assumed to be the same as PBS. Indeed, a dynamic light scattering 

measurement was performed both on a vesicle sample in buffer XE and on the same sample in 

PBS. This buffer exchange was performed by HPLC-SEC run on a Sepharose CL-2B column 

by recovering the void volume fraction to eliminate the small size particles due to buffer XE. 

The first component of the distribution (not shown) amounts to less than 5% of the signal and 

refers to small size particles (less than 20 nm) present in the samples. By considering the second 

component of the distribution, which is related to vesicles, one measures the average and the 

normalized variance, corresponding to the z-averaged hydrodynamic diameter (Dz) and the 

polydispersity index (PDI) of vesicle distribution, respectively.28 

 

2.5 Statistical Analysis  
 
Descriptive statistics were used to analyze demographic and clinical data. For the cfDNA and 

EVs kinetic analysis, consecutive paired blood collection was performed at baseline and the 

radiological response assessment within 12 weeks of the serial follow-up. According to 

radiologic response, efficacy was defined as responsive (complete response [CR] or partial 

response [PR]) or non-responsive disease (stable disease [SD] or progressive disease [PD]), 



 
 

13 

based on the standard RECIST 1.1. Regarding cfDNA, we dichotomized values as ≥ and < 20% 

indicating the change from baseline cfDNA to higher and lower levels, respectively, after the 

initiation of treatment. We used X-tile analysis to determine the optimal cfDNA cut-off value 

for survival prediction, according to PFS and OS. A paired Wilcoxon test was used to compare 

the median cfDNA plasma levels at baseline and according to the radiologic response 

evaluation. Cohen’s kappa test was used to determine the concordance of dynamic changes in 

liquid biopsy data and radiologic response with a 95% confidence interval. Pearson chi-square 

or Fisher’s exact test was used to determining any statistically significant association between 

cfDNA or EVs dynamics and radiologic response to systemic treatments.  

The Kaplan–Meier method was used for performing survival analysis, providing median and p 

values, with the use of the log-rank test for comparisons. Univariate and multivariate analyses 

were performed using the Cox proportional hazards and logistic regression models. The 

multivariable model included as covariates all pretreatment parameters found to have a p-value 

<0.05 at univariate analysis.  

Progression-free survival (PFS) was calculated from the date of study inclusion to the first 

evidence of disease progression or death from any cause or censored at the most recent follow-

up. Overall survival (OS) was defined from the date of study inclusion to death from any cause 

or censored at the most recent follow-up. A p-value < 0.05 was used as the threshold for 

statistical significance. All the statistical analyses were performed using SPSS statistics 

software, version 20 (IBM, Armonk, NY, USA). 

 

 

 

 

 

 

 
 
 
 
 



 
 

14 

CHAPTER 3 

 
 
 
 
 

Results 
 
 
 
 
 

3.1 Pathological and demographic characteristics 
  
From February 2020 to May 2022, a total of 87 patients were screened for eligibility and met 

the inclusion criteria. Among these, 73 treatment-naïve subjects with adequate follow-up 

information and complete clinical records were considered for study analysis and were finally 

included in the study.  The clinical characteristics of the patients enrolled in this study are 

shown in Table 1. Most patients were aged over 65 years old (54.8%), male (71.2%), current 

or former smokers (76.7%) while presenting with adenocarcinoma histology (76.7%) and an 

ECOG-PS of 0-1 (57.5%). Notably, a significant portion (42.5%) of the included patients 

exhibited an ECOG-PS 2. The largest part of the cohort population presented with a 

locoregional lymph node involvement (84.9%) with the most common distant metastatic sites 

being represented by bone (32.8%), followed by the central nervous system (CNS; 19.2%), 

adrenal gland (17.8%) and liver (12.3%).  

As far as tissue diagnostics is concerned, all non-squamous tumors were tested. Among these, 

55 (75.3%) samples were assessed for EGFR or BRAF mutations using RT-PCR with the total 

mutation rate being 20% (11/55), detecting eight and three hotspot point mutations, 

respectively. On the other hand, even if only 9 (12.3%) tissue specimens were evaluated, the 

total mutation rate using DNA/RNA-based NGS was 66% (6/9), covering nine different 

activating genomic alterations within EGFR, KRAS, ALK, MET, RET and ROS1 genes. As 

regards IHC, 67 (91,7%), 56 (76,7%) and 46 (63,0%) samples were tested for PD-L1, ALK 

and ROS1. Finally, only 5 (6.8%) patients underwent plasma genotyping via NGS. Table 2 

comprehensively summarizes all the diagnostic techniques performed during the conduction of 

this study.   



 
 

15 

All the 73 included patients received systemic treatments in the front-line setting. Namely, 19, 

28 and 26 patients received treatment based on TKI, IO and CT, respectively. At the time of 

survival analysis (median follow-up of 20.73 months, range: 17.36-24.1 months), 51 patients 

had disease progression, while 42 patients died because of tumor progression with 31 patients 

being still alive at the time of data analysis. Median PFS and OS resulted to be 6.1 (95% CI: 

4.0-8.2) and 12.8 (95% CI: 2.1-23.5) months in the overall population, respectively. Among 

specific treatment subgroups, median PFS and OS were 6.0 (95% CI: 0-25.5) and 32.6 (95% 

CI: 0-72.7) months, 10.3 (95% CI: 0-24.3) and 20.5 (95% CI: 6.9-34.1) months, and 4.2 (95% 

CI:2.5-5.9) and 9.0 (95% CI: 6.3-11.6) months in patients receiving TKI, IO and CT, 

respectively (Figure 1). Namely, when compared to CT only, patients receiving TKIs or IO-

based treatments were confirmed to experience significantly improved PFS (p=0.022 and 

p=0.006, respectively) and OS (p=0.054 and p=0.057, respectively). 

Briefly, a total of 315 liquid biopsy samples were collected from 63 patients at baseline with a 

total of paired plasma samples from 47 patients at disease re-evaluation. Among 63 patients 

evaluable for cfDNA analysis at baseline, the median cfDNA level was 0.61 ng/µl, thus not 

significantly higher than that observed in 47 patients evaluated at the first follow-up point 

within twelve weeks during the treatment course (0.57 ng/µl, Wilcoxon rank-sum test p = 

0.536). Here we report the graphical representation of the results of the longitudinal monitoring 

by cfDNA at T0-T1 from 63 patients in our study cohort (Figure 2). 

3.2 Prognostic and predictive value of cfDNA levels at 
baseline 

  
Firstly, to better evaluate the predictive role of baseline cfDNA levels, we divided the overall 

cohort population into cfDNA-low and -high groups by the median cfDNA value (0.61 ng/µl). 

Accordingly, the median PFS resulted to be 8.4 (95% CI: 2.5-14.3) and 4.2 (95% CI: 2.5-5.9) 

months (p=0.043), whereas the OS was 30.3 (95% CI: 18.4-42.1) months and 4.7 (95% CI: 2.6-

6.9) months (p<0.0001) in patients with lower and higher cfDNA levels, respectively (Figure 

3). 

To enhance the prediction accuracy, we sought to reliably evaluate the utility of baseline 

cfDNA levels as a predictive tool for the overall population and according to treatment 

subgroups, dichotomizing patients into two groups (cfDNA-low and -high) according to a 

refined threshold calculated based on the X-tile analysis. In the all-comers population, a 

baseline cfDNA cut-off value of 0.68 ng/µl both for PFS and for OS seemed to reliably 

discriminate between patients with good and poor prognosis (Figure 4). Accordingly, the 



 
 

16 

median PFS was 8.3 (95% CI: 3.3-13.4) months in the baseline cfDNA-low group and 4.5 (95% 

CI: 3.2-5.8) months in the baseline cfDNA-high group (p=0.038), whereas the median OS was 

23.3 (95% CI: 9.7-36.9) and 4.5 (95% CI: 3.4-5.5) months in the two cfDNA categories (low 

vs. high baseline levels, respectively; p<0.0001) (Figure 4).  

In the oncogene-addicted disease, we observed a baseline cfDNA cut-off value of 0.92 ng/µl 

for PFS (median PFS = 24.0 months, 95% CI: 0-48.6 months in the cfDNA-low group versus 

median PFS = 2.5 months, 95% CI: 0-5.1 months in the cfDNA-high group), even if not 

reaching the statistical significance (p=0.293); on the other hand, patients receiving TKIs with 

cfDNA concentrations higher than 0.68 ng/µl had significantly shorter OS (median OS= 4.0 

months, 95% CI: 2.9-5.0 months) than those with lower cfDNA concentrations (median OS= 

32.6 months, 95% CI: 0-76.5 months) (p=0.044) (figure 5).  

Dealing with the IO subgroup, patients presenting with baseline cfDNA level higher than 0.65 

ng/µl seemed to experience poorer PFS (median PFS = 6.1 months, 95% CI: 0-14.0 months) 

and OS (median OS = 6.1 months, 95% CI: 0.1-12.0 months) when compared to patients with 

lower cfDNA concentrations (median PFS and OS = not reached [NR]) (p= 0.021 and 0.012, 

respectively) (Figure 6). 

As far as the CT subgroup is concerned, patients with baseline cfDNA levels higher than 0.63 

ng/µl and 0.50 ng/µl showed a significantly shorter PFS (median PFS = 3.9 months; 95% CI: 

0.4-7.3 months) and OS (median OS = 5.7 months; 95% CI: 3.5-7.9 months) than those with 

lower cfDNA concentrations (median PFS = 6.8 months; 95% CI: 6.1-7.4 months; median OS 

= 20.2 months; 95% CI: 14.7-25.7 months) (p= 0.022 and 0.018, respectively) (Figure 7). 

 

3.3 Dynamic plasma cfDNA values are associated with 
radiologic response and survival outcomes 

  
During this study, 47 out of 63 patients with available paired cfDNA values after 12 weeks of 

systemic treatment were monitored and assessed according to the radiologic evaluation and 

survival outcomes.  We compared baseline and post-treatment cfDNA levels between 

responders (complete or partial response, N = 23) and non-responders (stable or progressive 

disease, N = 24). A 20% median cfDNA increase was detected and used as the cut-off point for 

survival analysis.  

While 16/20 (80%) patients presenting with at least a 20% increase did not experience a disease 

response at first restaging, 19/27 (70.4%) subjects with a sharp drop in the cfDNA level showed 

a prompt response to systemic treatments (Pearson chi-square test = 11.665). Strikingly, the 

response ratio of cfDNA responders (19/27, 70.4%) resulted 3.7-fold higher than that of cfDNA 
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non-responders (4/20, 20.0%). Notably, when assessing the agreement between radiographic 

and cfDNA response from T0 to T1, a fair concordance for 20% cfDNA response (Cohen’s 

kappa coefficient = 0.001) was observed between early and durable radiographic and cfDNA 

response.  

Since the cfDNA dynamic change during treatment strongly correlated with the response 

evaluation, data from patients stratified by therapy regimens were further analyzed. Notably, 

11 and 18 patients receiving molecularly targeted (Pearson chi-square test = 4.278; Cohen’s 

kappa coefficient = 0.039) and IO-based (Pearson chi-square test = 7.481; Cohen’s kappa 

coefficient = 0.006) therapeutic approaches showed a significant correlation between dynamic 

cfDNA levels and first radiologic evaluation, respectively, whereas among 18 patients 

undergoing CT a significant correlation was not observed (Pearson chi-square test = 0.720; 

Cohen’s kappa coefficient = 0.396). 

In this vein, we strived to associate cfDNA dynamics with survival outcomes to provide further 

clinical insights. Overall, within the cfDNA responsive group, 27/47 (57%) patients had a 

significantly improved median PFS (18.9 months; 95% CI: 6.2-31.5) when compared to 20/47 

(43%) cfDNA non-responders (3.3 months; 95% CI: 2.9-3.8) (p=0.004) (Figure 8). 

Contrariwise, no benefit in terms of OS was observed (30.3 months, 95% CI: 12.2-48.3 vs 20.5 

months, 95% CI: 14.4-26.6, respectively; p=0.133) (Figure 8). Considering the PFS results, we 

stratified survival data according to treatment subgroups. When compared to cfDNA non-

responders, cfDNA responsive patients receiving TKI and IO experienced numerically longer 

PFS (24.0 months [95% CI: 0-52.3] vs 2.5 months [95% CI: 0-18.3], and NR vs 3.4 months 

[95% CI: 0-19.6], respectively), although not showing any statistical significance (p=0.219 and 

0.338, respectively). On the other hand, dealing with cfDNA responders undergoing CT, we 

noticed significantly improved survival in terms of both clinical and statistical relevance (7.6 

months [95% CI: 5.0-10.2] vs 3.2 months [95% CI: 1.5-4.9], p=0.025). 

 

3.4 Survival outcomes and multivariate analysis 
  
Multivariable Cox proportional regression analyses were performed to assess whether a cfDNA 

increase over the first 12 weeks of therapy represented an independent factor related to the 

effectiveness of systemic treatments in terms of PFS and OS. All pretreatment variables 

presenting with a p-value <0.05 at univariate analysis were included as covariates in the 

multivariable model. 

Multivariable analysis identified the presence of liver metastasis (hazard ratio [HR]: 0.027; 

95% confidence interval [CI], 0.004-0.175; p = <0,0001) and a cfDNA increase >20% (HR: 
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0.345; 95% CI, 0.165 - 0.722; p = 0.005) as factors significantly associated with worse PFS 

(Table 3). Interestingly, as regards OS, multivariable analysis confirmed the occurrence of liver 

metastasis [HR 0.314, CI 0.14-0.697, p=0.004] as a variable associated with worse survival 

while further revealing ECOG PS 0-1 and a lower median cfDNA as independent prognostic 

factors for OS.  Accordingly, an ECOG-PS of 0 was associated with a significantly reduced 

risk of death (HR 0.22, CI 0.08-0.614, p=0.004), compared with ECOG-PS 2 (Table 4).   

 

3.5 The predictive role of ECOG-PS 
  
Considering the multivariable analyses, the role of ECOG-PS in the overall cohort population 

was further explored according to the available matched cfDNA samples. Overall, compared 

to patients with ECOG-PS scores of 0 or 1, those patients with ECOG-PS of 2 seemed to 

experience significantly poorer median PFS (4.2 [95% CI 2.3-6.1] vs 8.3 [95% CI 3.5-13.1] 

months; p=0.024) and OS (6.1 [95% CI 2.5-9.7] vs 23.3 [95% CI 12.0-34.6] months; p= 

<0.0001).  

Stratifying data by treatment subgroups when comparing to ECOG-PS 0-1 patients, the median 

PFS resulted to be numerically lower in ECOG-PS 2 patients undergoing TKIs, even if not 

formally reaching the statistical significance (4.0 [95% CI 0-8.3] months vs 24.0 [95% CI 0-

57.4]; p=0.123). Similarly, patients with poorer PS receiving IO-based treatments had a 

numerically lower median PFS while showing a significant trend for statistical significance 

(6.1 [95% CI 0.6-11.5] months vs NR; p=0.088). Contrariwise, no statistically significant 

differences in terms of PFS between ECOG-PS 2 and 0-1 patients undergoing only CT 

regimens were observed (3.2 [95% CI 2.1-4.3] months vs 6.5 [95% CI 1.5-11.4]; p=0.354).  

On the other hand, as far as median OS is concerned, patients with ECOG-PS 2 receiving TKIs 

or CT had clinically and statistically poorer survival (4.0 [95% CI 3.2-4.8] months vs 32.6 

[95% CI NR-NR], p=0.003; 4.8 [95% CI 0-9.9] months vs 18.5 [95% CI 1.9-35.0], p=0.039, 

respectively). Likewise, even if only showing a strong trend for the formal statistical 

significance, those patients with poorer clinical conditions undergoing IO-based treatments 

exhibited poorer survival when compared to ECOG-PS 0-1 patients (12.1 [95% CI 3.9-20.4] 

months vs NR, p=0.074). Intriguingly, when singly comparing patients receiving 

pembrolizumab in association or not with chemotherapy within the IO-based subgroup, ECOG-

PS 2 patients receiving the combination approach seemed to experience poorer survival in 

terms of both PFS (p= 0.015) and OS (p=0.036) (Figure 9) as compared to single-agent 

pembrolizumab (p=0.842 and p= 0.644 for PFS and OS, respectively), suggesting a possible 

predictive value of ECOG-PS in such patients.   
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Finally, among 26/63 (41.2%) and 37/63 (58.8%) patients presenting with ECOG-PS 2 and 0-

1 evaluable for cfDNA kinetics, no significant association nor correlation between early 

cfDNA and the radiologic response was observed (Pearson chi-square test = 0.003; Cohen’s 

kappa coefficient = 0.959). However, in patients presenting with poorer clinical conditions, we 

noticed that mean baseline cfDNA levels were 2.6-fold higher than in patients with an ECOG-

PS of 0-1 (1.71 vs 0.65 ng/µl; p=0.105).  

 

3.6 EVs isolation, characterization and dynamics 
  
Briefly, we isolated EVs from plasma samples of 22 patients using an affinity purification 

method based on commercial EV isolation kits. We checked for size and concentration by 

implementing DLS that evaluated the integrity and purity of EVs, taking into consideration Dz 

and R90 (or Rex) for the estimation of diameter and the number of vesicles, respectively, 

together with the PDI value. In addition, DLS and cfDNA analyses were performed on a healthy 

volunteer at T0 and T1 to highlight any significant differences as compared to healthy control. 

Finally, the amount of EVs proteins (named as cfEXO), calculated by the Bradford Assay, was 

recovered to investigate the mean protein content per vesicle.  

Among 22 consecutive patients with sufficient biospecimens evaluable for cfDNA and EV 

analysis, Bradford and DLS analyses were carried out in 17 and 16 patients at baseline, and in 

17 and 13 at the first follow-up point during the treatment course with a total of 12 and 13 

paired samples being evaluable for EVs kinetics, respectively.  

 

Compared to the healthy donor, R90 values resulted to be significantly and steadily higher in 

patients with advanced NSCLC both at T0 and T1, whereas no substantial differences in Dz 

and PDI were observed (Table 5). Thus, to discover EV-based biomarkers, we evaluated the 

dynamics of cfEXO and R90 in the overall cohort population. Accordingly, as previously done 

for the evaluation of cfDNA dynamics, we compared baseline and post-treatment levels 

between responders and non-responders, detecting a 20% median increase of both cfEXO and 

R90 as the cut-off point for analyses. While the entirety of patients presenting with at least a 

20% cfEXO increase (7/7, 100%) did not experience a disease response at first restaging, 3/6 

(50%) subjects with a sharp drop in the cfEXO level showed a prompt response to systemic 

treatments, trending to the proper statistical significance (Fisher’s exact test = 0.07) with a 

slightly improved survival benefit (median PFS = NR vs 6.8 [95% CI 0-13.8] months, 

respectively, p=0.116; median OS = NR vs NR, p=0.361) and a 2-fold higher response ratio 
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among cfEXO responders when compared to cfEXO non-responders, respectively (Figure 10). 

Remarkably, when assessing the agreement between radiographic and cfEXO response from 

T0 to T1, a fine concordance for 20% cfEXO response (Cohen’s kappa coefficient = 0.033) 

was observed between early and durable radiographic and cfEXO response.  

Conversely, as regards R90 dynamics, no statistically significant differences in terms of median 

PFS (p=0.354), median OS (p=0.492), association (Fisher’s exact test = 1.00), or concordance 

with the radiologic response (Cohen’s kappa coefficient = 0.715) between responders and non-

responders were observed. However, according to the available plasma samples from T0 to T1, 

when comparing EGFR-mutated patients receiving TKIs with patients undergoing IO-based or 

CT regimens, a sharp drop or increase in the R90 level was promptly associated with a 

radiographic response or progression, respectively (Table 5). Noteworthy, one patient 

(LEXOVE32), initially diagnosed with an ALK-positive disease by IHC, showed a clear R90 

decreasing level, although progressing on alectinib at the first restaging. Finally, this patient 

resulted to display an EGFR activating mutation (p.E746_A750del) without any ALK 

alterations on the plasma NGS profiling, suggesting a possible correlation between TKI activity 

and number reduction of vesicles while further confirming the improved accuracy of 

multiplexing analysis compared to IHC in the diagnostic setting of NSCLC.  

3.7 Longitudinal monitoring by liquid biopsy data 
  
Finally, focusing on  patients with sufficient biospecimens for cfDNA/EV analysis and at least 

two clinical follow-ups for therapeutic assessment, here we report the graphical representation 

of the results of the longitudinal monitoring by liquid biopsy (cfDNA, cfEXO and R90) (Figure 

11).  
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   CHAPTER 4 

 
 
 
 
 

Discussion 
 
 

Over the last decades, liquid biopsy has been playing a key role in the large and rapidly 

evolving landscape of medical oncology, resulting in a powerful and cost-effective biomarker 

with the potential to improve survival prediction and outcomes in the NSCLC setting.29 Even 

if emerging as a useful method for real-time monitoring of the efficacy of targeted therapies, 

however, the evaluation of circulating biomarkers for the efficacy of CT or IO combinations 

has been widely controversial.30,31 Nonetheless, several research groups have recently 

suggested the increasing role of cfDNA as a valid tool for the longitudinal monitoring of 

patients receiving immunotherapy, although being crucially limited by the variable 

heterogeneity of patients and methodologies.32,33 In this fascinating scenario, further unbiased 

real-world clinical studies evaluating the putative role of liquid biopsy in the early distinction 

between responders versus non-responders to new treatments are warranted before a broad 

implementation in clinical practice.   

We designed a prospective biomarker trial to evaluate the prognostic value of cfDNA and the 

association of cfDNA dynamic changes with the radiographic response and clinical outcomes 

in treatment-naïve patients with advanced NSCLC in the real-life setting. In our study, the 

patients were eligible for receiving first-line standard systemic treatments as per clinical 

practice and underwent plasma collection at baseline and at the time of first radiologic 

evaluation. According to specific treatment subgroups, the median survival and the clinical-

pathological characteristics seemed to mirror those observed in larger phase III trials.5,34,35 

Hence, this would suggest a real-world clinical scenario providing real-world evidence while 

entirely representing the actual clinical practice population without compromising the 

generalizability to the general population of the highly selective randomized clinical trials. 

Accordingly, patients undergoing TKIs or IO-based treatments seemed to experience 

significantly improved median survival compared to patients receiving CT only. Withal, 
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patients presenting with liver disease, ECOG-PS 2 and a cfDNA increase at first restaging were 

associated with worse survival outcomes. Remarkably, our findings from this real word 

evidence study were consistent with previously published data, although considering that 

patients with poorer clinical conditions tended to be excluded from randomized clinical trials36 

while other reports did not prove the straight correlation between cfDNA dynamics and the 

radiological response.37 In this vein, with phase III trials on immunotherapy not enrolling 

patients with ECOG-PS 2 whereas clinical trials on TKIs only including a small proportion of 

such patients, the negative prognostic outcome of ECOG-PS 2 has been confirmed in only a 

few retrospective studies including patients with poor clinical conditions undergoing a 

combination approach based on chemotherapy plus immunotherapy.38,39 Hence, although 

similar data have been reported, our data included novel and relevant aspects such as the 

putative predictive role of ECOG-PS 2 and cfDNA/EV dynamics in this real-world NSCLC 

prospective clinical study. 

In this study, FFPE tissue and plasma samples represented the biological materials used to 

investigate the potential genetic alterations as a snapshot of the solid and circulating tumor at 

different time points. Consistent with other studies ref, among both the all-comers population 

and the specific treatment subgroups, patients with higher baseline cfDNA levels showed 

significantly shorter median survival than those with low cfDNA concentrations, further 

validating the prognostic value of cfDNA at baseline. Accordingly, it is well known that 

patients presenting with a high tumor burden may be associated with high cfDNA levels, thus 

correlating cfDNA shedding with poor survival outcomes. Although the prognostic role is well 

established, the clinical ability of cfDNA in predicting efficacy in the upcoming real-world 

setting of NSCLC remains far from clear. Namely, considering the possible risk of bias using 

only median or quartiles, we implemented the automatic X-tile software to optimally define 

cut-off threshold cfDNA values that reliably discriminated patients who would benefit from 

first-line systemic treatments. Interestingly, as compared to the median value (0.61 ng/µl), a 

higher value for PFS was observed in the oncogene-addicted cohort (0.92 ng/µl) whereas a 

lower level for OS was detected in the patients’ cohort receiving CT only (0.50 ng/µl).  

We then investigated whether cfDNA clearance or a certain degree of cfDNA reduction 

reflected by cfDNA 20% drop at T1 would better correlate with radiologic response and 

survival. Overall, early changes in cfDNA during first-line standard treatments seemed to 

predict the later radiologic response with a median 20% cfDNA increase at the first restaging 

being significantly associated with a radiologic progression of the disease. While not being 
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statistically significant for those patients receiving CT only, these findings were consistent in 

patients undergoing TKIs or IO-based treatments, thus validating the predictive role of cfDNA 

dynamics in these specific subsets of patients with advanced NSCLC. Likewise, although 

considering the immature follow-up, all the cfDNA responders seemed to benefit the most in 

terms of PFS, while not showing any trending advantage in terms of OS which is probably 

influenced by later line treatments.  

Furthermore, we successfully isolated and characterized EVs by DLS at different timepoints in 

patients with advanced NSCLC undergoing front-line treatments, identifying dramatically 

higher R90 and cfEXO values both at T0 and T1 when compared to healthy control. Thus, this 

would suggest a possible role of circulating EVs in terms of prognostic or predictive 

significance in the advanced NSCLC setting.  Dealing with EVs dynamics, a median 20% 

increase of cfEXO at the first restaging was significantly concordant with a radiologic 

progression of disease whereas no differences in terms of R90 levels change were observed.  

Intriguingly, lower and higher cfDNA levels were matched to lower and higher R90 values in 

EGFR-positive patients with a partially responding or progressive disease, respectively, as 

opposed to other patients treated with IO-based or CT regimens. Accordingly, in the EGFR-

positive population undergoing TKIs, the R90 parameter reflecting the number of EVs seemed 

to follow the standard instrumental disease re-evaluation according to RECIST 1.1 criteria. On 

the other hand, the Dz parameter reflecting the diameter of EVs did not seem to be a reliable 

biomarker, probably influenced by the interactions within the dispersion plasma. 

Limitations of the study included the heterogeneity of clinical-pathological characteristics 

(however reflecting a real-world clinical scenario), the smaller number of patients undergoing 

EVs evaluation, and the immature follow-up which may have underestimated the final overall 

results and survival analyses.  

In conclusion, this hypothesis-generating study confirmed the role of cfDNA in real-time 

longitudinally monitoring while providing a proof of concept for identifying EVs characterized 

by DLS as early biomarkers in terms of prognostic and/or predictive significance in treatment-

naïve patients with advanced NSCLC. In this complex and fascinating scenario, this study 

contributed to the early detection of patients who have experienced drug resistance to first-line 

treatments favoring the identification of potential prognostic and/or predictive biomarkers 

which may help future research efforts to select patients for new treatment strategies in the 

context of larger prospective studies. These preliminary results could favor the selection of new 

therapeutic targets to be addressed in basic research and clinic trials, advising the preclinical 
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research professionals and the academic circle on new prognostic and/or therapeutic 

biomarkers. 
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CHAPTER 5 

 
 
 
 
 

Figures and tables 
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Characteristics Patients, N (%) 

No. of patients 73 (100,0%) 

Age, N (%)   

<65 yo (%) 33 (45,2%) 

>65 yo (%) 40 (54,8%) 

Sex, N (%)  

Male 52 (71,2%) 

Female 21 (28,8%) 

ECOG PS, N (%)  

0-1 42 (57,5%) 

≥2 31 (42,5%) 

Histology, N (%)  

Adenocarcinoma 56 (76,7%) 

Squamous cell carcinoma 13 (17,8%) 

Others 4 (5,5%) 

Smoking history, N (%)  

Never 12 (16,4%) 

Former/current 56 (76,7%) 

NA 5 (6,9 %) 

Tumor site, N (%)  

Left 35 (48,0%) 

Right 30 (41,0%) 

Bilateral 5 (6,9%) 

NA  3 (4,1%) 

Metastases distribution, N (%)  

Bone 24 (32,8%) 

Nodes 62 (84,9%) 

CNS 14 (19,2%) 

Liver 9 (12,3%) 

Adrenal gland 13 (17,8%) 

Other 14 (19,2%) 

Therapy, N (%) 

TKI, 19 (26.0%) EGFR TKI, 9 (12,3%) 
ALK TKI, 5 (6,9%) 
ROS-1 TKI, 2 (2,7%) 
BRAF + MEK TKI, 3 (4,1%) 

IO-based, 28 (38.3%) single-agent IO, 13 (15%) 
IO plus CT, 15 (20,5%) 

CT, 26 (35.6%) 26 (35,6%) 

Table 1. Baseline patients’ characteristics     
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Characteristics Patients, N (%) 
 

No. of patients 73 (100,0%) 
Diagnostic techniques, N (%) 
Tissue,  
73 (100%) 

Real Time-PCR,  55 (75,3%)  wt, 44 (80%)   
mutated, 11 (20%) EGFR 8, BRAF 3 

NGS  
 

9 (12,3%)  
 

wt, 3 (33,3%) 
altered, 6 (66,6%)  
 

EGFR 2, KRAS 2,  
ALK 1, MET 1, RET 1, ROS1 1  

 NA 13 (17,8%) - - 
Plasma,  
10 (13.6%) 

Droplet Digital 
PCR 

5 (50%) wt, 3 (60%)   
mutated 2 (40%) EGFR 2  

NGS 5 (50%) wt, 0 (0%)  
altered, 5 (100%) EGFR 2, BRAF 1, KRAS 1, EGFR + 

TP53 1  
Tissue predictive biomarker testing, N (%) 
IHC  
 

PD-L1,  
67 (91,7%) 

≥ 50%              
1-49% 
<1% 
NA 

16 (21,9%) 
27 (36,9%) 
24 (32,8%) 
6 (8,2%) 

ALK, 
56 (76,7%)  

Positive 
Negative 
NA 

4 (5,4%) 
52 (71,2%) 
17 (23,2%) 

ROS1, 
46 (63,0%) 

Positive 
Negative 
NA 

3 (4,1%) – 1 confirmed by FISH (1,3%) 
43 (58,9%) 
27 (37,0%) 

Molecular 
diagnostics   

EGFR, 9 (12,3%) p.E746_A750del, 3 
p.E746_A750del + p.T790M + p.R175H, TP53, 1 
p.E746_A750del + p.C797S, 1 
p.L858R, 3 
p.L861Q,1  

KRAS, 2 p.G12V, 1 
p.G12D, 1 

BRAF, 3 p.V600E, 3 
ROS1, 1 ROS1-CD74, 1 
ALK, 1 EML4(6)-ALK(20), 1 
RET, 1 KIF5B – RET, 1 
MET, 1 amplification, 1 
NTRK1/2/3, 0 - 
HER-2, 0 - 

Plasma predictive biomarker testing, N  
Molecular 
diagnostics   

EGFR, 2 p.E746_A750del, 1 
p.E746_A750del + p.T790M + p.R175H, TP53; 1 

BRAF, 1 p.V600E, 1 
KRAS, 1 p.G12V, 1 

Therapy, N (%) 
TKI, 19 (26.0%) EGFR TKI, 9 (12,3%) 

ALK TKI, 5 (6,9%) 
ROS-1 TKI, 2 (2,7%) 
BRAF + MEK TKI, 3 (4,1%) 

IO-based, 28 (38.3%) single-agent IO, 13 (15%) 
IO plus CT, 15 (20,5%) 

CT, 26 (35.6%) 26 (35,6%) 

Table 2. Diagnostic techniques performed during the conduction of the study      
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Figure 2. Graphical representation of cfDNA dynamics from baseline (T0) to the radiologic 

evaluation (T1).   

 

Figure 1. Kaplan–Meier analysis of PFS and OS in NSCLC patients according to treatment    
subgroups. 

TKI, tyrosine kinase inhibitor; IO, immune-oncology; CT, platinum-based chemotherapy; NSCLC, non-small cell lung 
cancer; PFS, progression-free survival; OS, overall survival 
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Figure 3. Kaplan–Meier analysis of PFS and OS according to the median cfDNA value in the overall 
cohort population. 

cfDNA, cell-free DNA; PFS, progression-free survival; OS, overall survival. 
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Figure 4. Kaplan–Meier analysis of PFS and OS according to the cfDNA cut-off based on X-tile 
analysis in the overall cohort population. 

cfDNA, cell-free DNA; PFS, progression-free survival; OS, overall survival. 
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Figure 5. Kaplan–Meier analysis of PFS and OS according to the cfDNA cut-off based on X-tile 
analysis in patients with NSCLC receiving TKIs. 

cfDNA, cell-free DNA; PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell 
lung cancer; TKI, tyorisine kinase inhibitor 
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Figure 6. Kaplan–Meier analysis of PFS and OS according to the cfDNA cut-off based on X-tile 
analysis in patients with NSCLC receiving IO-based treatments. 

cfDNA, cell-free DNA; PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell 
lung cancer; IO, immune-oncology. 
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Figure 7. Kaplan–Meier analysis of PFS and OS according to the cfDNA cut-off based on X-tile 
analysis in patients with NSCLC receiving CT. 

cfDNA, cell-free DNA; PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell 
lung cancer; CT, platinum-based chemotherapy. 
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Table 3. Univariate and multivariate analysis of progression-free survival (PFS). 

   Univariate Multivariate 
 

N Events 
PFS  

(median 
months) 

95% CI p (log 
rank) p HR  

(95% CI) 

Sex     0.088   
M 52 41 4.8 2,77-6,76    
F 21 10 17.2 1,99-32,34    

Age     0.282   
<65 33 22 6.8 1,15-12,07    
≥65 40 29 5.7 3,23-8,22    

ECOG PS      0.029   
0 27 16 10.3 0-22,78    
1 13 10 5.7 1,85-9,60    
2 33 25 4.2 2,33-6,06    

Smoking 
status 

    0.094   

Never 13 7 17.2 2,25-32,09    
Current/former 56 40 6.1 3,95-8,25    
Histology     0.517   
non-squamous 60 41 6.0 3,72-8,27    

squamous 13 10 6.5 2,26-10,67    
Brain 
metastasis 

    0.957   

No 59 41 6.0 3,11-8,89    
Yes 14 10 6.1 2,57-9,63    

Bone 
metastasis     

   

No 46 30 6.8 4,02-9,58    
Yes 27 21 5.7 2,7-8,76    

Liver 
metastasis 

    <0,0001 <0,0001 0,027  
(0,004-0,175) 

No 61 41 6.8 4,93-8,67    
Yes 10 9 1.3 0-2,63    

Adrenal 
metastasis 

    <0,014   

No 59 39 6.8 4,27-9,33    
Yes 14 12 2.2 0-5,33    

Site of disease     0.248   
Intra-thoracic 22 14 8.3 6,28-10,38    

Extra-thoracic 49 36 4.5 2,23-6,71    
Median 
cfDNA 

    0.043   

<0,61 31 20 8.4 2,46-14,27    
≥0,61 42 31 4.2 2,51-5,88    

cfDNA 
increase  

    0.004 0.005 0,345 
(0,165-0,722) 

<20% 27 14 18.9 6,25-31,48    
≥20% 20 17 3.3 2,89-3,76    
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Table 4. Univariate and multivariate analysis overall survival (OS). 

   Univariate Multivariate 
 N Events OS 

(median months) 95% CI p (log 
rank) p HR  

(95% CI) 
Sex     0.079   

M 52 34 9.9 5,68-14,25    
F 21 8 40.1 0-85,59    

Age     0.51   
<65 33 19 21.5 15,87-27,06    
≥65 40 23 9.9 7,37-12,48    

ECOG PS      <0,0001   
0 27 11 36.0 28,60-43,39  0.004 0,226 

(0,083- 0,614) 
1 13 9 20.2 7,36-33,03  0.597 0,79 

(0,330-1,890) 
2 33 22 6.1 2,48-9,71   1 

Smoking 
status 

    0.16   

Never 13 6 32.6 0-73,06    
Current/for

mer 
56 32 12.8 1,87-23,73    

Histology     0.715   
non-

squamous 
60 35 10.0 0-25,48    

squamous 13 7 18.5 1,9-35,03    
Brain 
metastasis 

    0.22   

No 46 23 20.5 6,85-34,2    
Yes 27 19 9.0 3,14-14,8    

Bone 
metastasis 

    0.063   

No 46 23 20.5 6,85-34,2    
Yes 27 19 9.0 3,14-14,85    

Liver 
metastasis 

    0.012 0.004 0,314 
(0,141-0,697) 

No 61 33 18.5 6,95-29,98    
Yes 10 9 2.1 0-4,71    

Adrenal 
metastasis 

    <0,0001   

No 59 31 20.5 10,96-30,10    
Yes 14 11 3.9 2,01-5,78    

Site of 
disease 

    0.017   

Intra-
thoracic 

22 10 30.3 16,45-44,08    

Extra-
thoracic 

49 32 9.6 3,35-15,84    

Median 
cfDNA 

    <0,0001 0.001 0,212 
(0,088-0,510) 

<0,61 31 14 30.3 18,38-42,15    
≥0,61 42 28 4.8 2,48-7,05    

cfDNA 
increase  

    0.129   

<20% 27 11 30.3 12,21-48,32    
≥20% 20 13 20.5 14,44-26,62    
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ID Therapy SCAN cfDNA/cfEXO R90 DZ PDI 

T0 T1 T0 T1 T0 T1 T0 T1 
HEALTH

Y 
- - 0.33/NA 0.32/NA 815 ± 

8 
694 ± 

7 
284 
± 5 

290 
± 10 

0,25  
± 0.01 

0,23  
± 0.01 

LEXOVE
5 

CT SD 0.36/NA NA/1.28 3150 
± 125 

2100
± 105 

204 
± 5 

252 
± 10 

0.25  
± 0.01 

0.09  
± 0.01 

LEXOVE
11 

CT PD 1.04/2.35 NA/NA 2210 
± 150 

NA 234 
± 15 

NA 0.20  
± 0.01 

NA 

LEXOVE
14 

EGFR TKI PD 0.42/NA 0.72/1.12 1650 
± 95 

1770 
± 75 

240 
± 10 

234 
±10 

0.15  
± 0.01 

0.17  
± 0.01 

LEXOVE
16 

ALK TKI PD 0.23/NA 0.48/1.94 2830 
± 100 

3240 
± 110 

222 
± 5 

228 
± 5 

0.17 
± 0.01 

0.14  
± 0.01 

LEXOVE
17 

CT SD 0.20/1.34 0.66/1.66 3120 
± 100 

2900 
± 75 

240 
± 10 

222 
± 5 

0.12  
± 0.01 

0.10  
± 0.01 

LEXOVE
20 

CT SD 0.50/1.58 NA/NA 1980 
±   70 

3050 
± 80 

240 
±10 

216 
±5 

0.16 ± 
0.01 

0.23  
± 0.01 

LEXOVE
32 

ALK TKI PD 1.50/1.60 2.60/2.06 2870 
± 100 

1980 
± 90 

246 
± 10 

246 
±10 

0.15  
± 0.01 

0.14  
± 0.01 

LEXOVE
33 

EGFR TKI PR 0.84/0.96 0.54/1.18 3210 
± 30 

NA 260 
± 5 

NA 0,14  
± 0.01 

NA 

LEXOVE
35 

EGFR TKI PR 0.45/NA 0.27/1.8 2510 
± 80 

1590 
± 100 

216 
± 5 

234 
± 10 

0.15  
± 0.01 

0.17  
± 0.01 

LEXOVE
36 

IO PD 0.69/NA NA/NA 376  
± 150 

NA 222 
±10 

NA 0.17  
± 0.01 

NA 

LEXOVE
38 

IO PR 0.79/1.92 0.44/0.96 2030 
± 20 

4190 
± 40 

260 
± 5 

250 
± 5 

0.32  
± 0.01 

0.22 
± 0.01 

LEXOVE
41 

IO PR 0.40/1.22 0.31/1.12 1758 
± 18 

1802 
± 18 

219 
± 15 

235 
± 7 

0.27  
± 0.01 

0.19  
± 0.01 

LEXOVE
42 

EGFR TKI PR 0.59/1.76 0.38/1.78 2510 
± 100 

1280 
± 60 

240 
±10 

240 
± 10 

0.22  
± 0.01 

0.12  
± 0.01 

LEXOVE
47 

IO PR 0.65/1.4 0.39/1.02 6740 
± 70 

1890 
± 19 

183 
± 5 

232 
± 5  

0.29  
± 0.01 

0.22  
± 0.01 

LEXOVE
53 

EGFR TKI PR 0.92/1.08 0.46/1.14 1478 
± 15 

1330 
± 14 

241 
± 5 

256 
± 5 

0.29  
± 0.01 

0.22  
± 0.01 

LEXOVE
65 

EGFR TKI PR 0.45/0.80 0.51/1.06 5630 
± 60 

2980 
± 30 

189 
± 5 

182 
± 10 

0,40  
± 0.01 

0,32  
± 0.01 

LEXOVE
67 

IO PR 1.01/2.38 0.83/2.08 NA NA NA NA  NA NA 

LEXOVE
68 

CT+IO PR 1.47/2.22 1.29/2.18 NA NA NA NA NA NA  

LEXOVE
69 

IO PR 0.7/1.56 0.47/2.32 NA NA NA NA NA NA 

LEXOVE
70 

ALK TKI PR 8.07/1.22 20/NA NA NA NA NA NA NA 

LEXOVE
71 

CT+IO PR 0.58/1.66 NA/NA  NA NA  NA NA NA NA 

LEXOVE
73 

CT+IO PD 0.30/1.22 0.38/2.06 NA NA NA NA NA NA 

 
Table 5. Extracellular vesicles (EVs) characterization evaluating R90, Dz and PDI levels 
among 22 patients with advanced non-small cell lung cancer and healthy donor as 
compared to cell-free DNA (cfDNA) and EVS protein content (cfEXO) at baseline (T0) 
and at the time of radiologic response. 
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Figure 10. Kaplan–Meier analysis of PFS and OS in NSCLC patients according to cfEXO. 

cfEXO, circulating-free extracellular vesicle protein concentration; NSCLC, non-small cell lung cancer; PFS, progression-free 
survival; OS, overall survival 

Median PFS: NR vs 6.8 months, p=0.116 
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Figure 11. Real time longitudinally monitoring of treatment-naïve patients using cell-free 
DNA, extracellular vesicles (EVs) protein content (cfEXO) and R90 levels as compared to 
healthy control at baseline (T0) and at the time of radiologic evaluation (T1). 
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