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Abstract

Introduction:
The evaluation of extracellular vesicles (EVs) might be a complementary tool to assess response in the
clinic. We aimed to describe whether the serial characterization of EVs could longitudinally re�ect
response and resistance to �rst-line treatments in advanced NSCLC.

Methods
Treatment-naïve patients with advanced NSCLC receiving osimertinib (osi), alectinib, pembrolizumab
(pembro), or platinum-based chemotherapy (CT) ± pembro were prospectively enrolled at the University
Hospital of Palermo, Italy. Isolated EVs were characterized by Static and Dynamic Light Scattering (DLS)
to assess the size distribution and amount of vesicles (R90, Dz and PDI). EV protein amount was
evaluated by Bradford assay (BA) through the quanti�cation of circulating cell-free EV protein content
(cfEV). According to the radiologic response, cfEV and R90 kinetics were evaluated in patients from
baseline (T0) to the �rst radiologic restaging (T1) with a 20% cfEV increase being used as the cut-off
point for median progression-free survival (mPFS) analysis.

Results
Among 27 consecutive patients, a total of 135 plasma samples were collected both at T0 and T1 to
isolate EVs. Puri�ed EVs were characterized by WB for ALIX and TSG-101. EV size was determined by
DLS showing an average size ranging from 183 to 260 nm. The mean cfEV value at T0 and at T1 time
was 1.26 and 1.49 µg/ml, respectively (p = 0.02). Within the cfEV responsive group, 13 patients had a
clinically improved mPFS (25.2 months, 95% CI: 14.9–35.5) when compared to 11 cfEV non-responders
(8.3 months, 95% CI: 3.6–12.9) (p = 0.07). Namely, cfEV responders receiving single-agent pembro
experienced a signi�cantly improved mPFS (25.2 months, 95% CI: 11.7–38.8; p = 0.04) compared to
patients receiving CT plus pembro (6.1 months, 95% CI: 1.1–11.1; p = 0.9). EGFR-positive cfEV responders
showed a clinically improved mPFS (35.1 months, 95% CI: 14.9–35.5) as compared to cfEV non-
responders (20.8 months, 95% CI: 11.2–30.4) (p = 0.06). In the EGFR-mutated subgroup, four patients
with R90 decreasing values are still responding whereas one patient with R90 increasing value had a
rapidly progressive disease.

Conclusions
This study showcased the feasibility of the serial on-treatment monitoring of plasma EVs in the �rst-line
setting of NSCLC, mostly in those patients receiving single-agent pembro or osi. The increased amount of



Page 4/23

circulating EVs (R90) and the higher level of associated proteins (cfEV) warrant larger controlled studies
to explore EVs as novel promising liquid biopsy biomarkers.

Introduction
Despite the increasing availability of diagnosis and personalized therapeutic approaches, most patients
with non-small cell lung cancer (NSCLC) usually present with an advanced stage of disease, regrettably
showing very low 5-year survival rates [1]. Although several biomarkers have been described in this
complex scenario [2] [3] [4], there remains an unmet clinical need for the discovery of dynamic in vivo
biomarkers to re�ne the clinical management of such patients, predicting response and prognostics to
eventually improve the treatment sequencing while avoiding ineffective therapies.

Over the last decade, emphasis has been placed on nano/micrometer-sized vesicles for their role in
intercellular communications contributing to tumor growth, metastasis, angiogenesis, and drug
resistance [5]. Extracellular vesicles (EVs) are a heterogeneous group of double membrane-enclosed
vesicles released by all cytotypes in physiological and pathological conditions [6]. EVs are classi�ed
based on their size, origin, and release mechanism [7]–[10], shuttling a plethora of bioactive molecules
such as proteins, lipids, metabolites, and nucleic acids [11]–[13].

In the liquid biopsy era, albeit the circulating cell-free DNA (cfDNA) analysis remains the gold standard for
routine clinical diagnostics [14], the evaluation of EV amount and morphology might be a complementary
tool to assess response and guide the clinical decision-making process [15]. Accordingly, a growing body
of evidence has proved the utility of circulating EVs as minimally invasive biomarkers in different disease
settings, even if often at the preclinical level [16]–[17]. Compelling evidence suggests that the anti-tumor
response is a multifaceted process regulated by intricate interactions among the tumor, the immune
system, and various host factors in which EVs seem to hold a pivotal role [18][19]. Therefore, clinical
cohort trials in real-life settings are needed to evaluate if serial sampling of tumor-derived plasma EVs
may enable on-treatment monitoring of patients with advanced NSCLC.

From this perspective, differing methods of EV isolation and characterization have been set out with
Dynamic Light Scattering (DLS) representing a promising technique for determining the particle size
distribution in a colloidal suspension such as human plasma [20]. 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 (R90) to compare the concentration of equally
sized and shaped nanoparticles [21]. Furthermore, the quanti�cation and dynamics of EV biophysical
properties and total protein content during �rst-line systemic treatments have never been prospectively
evaluated as a potential clinical tool in NSCLC.

In this explorative study, we aimed to describe whether the serial characterization of plasma tumor-
derived EVs could longitudinally re�ect response and resistance to available �rst-line treatments,
investigating the potential to predict clinical outcomes in patients with advanced NSCLC.
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Materials and methods

Study design and patients
The Lung EXtracellular VEsicles (LEXOVE) study is a prospective cohort observational trial aiming to
investigate circulating EVs as potential and minimally invasive biomarkers for monitoring and
prognostics of treatment-naïve patients with advanced NSCLC undergoing standard �rst-line treatments
(Fig. 1). From February 2020 to May 2022, patients with advanced NSCLC treated at the Medical
Oncology Unit of Paolo Giaccone University Hospital of Palermo, Italy, were consecutively enrolled. FFPE
tissue collection, nucleic acid extraction, and molecular analysis are comprehensively described in the
Supplementary methods. Paired blood samples were collected at baseline (T0) and the �rst radiologic
evaluation of disease within 12 ± 1 weeks (T1 or W12) during the treatment course. The collected plasma
samples were used to isolate EVs that were characterized by either DLS or Bradford assay (BA). All the
patients underwent a computerized tomography scan every 3 months and radiologic responses were
classi�ed according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Clinical
and pathological characteristics of all patients included in our study were retrieved from the clinical
records available. Inclusion criteria considered: (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 IASLC TNM) who were treatment-
naïve and eligible for �rst-line active systemic treatment according to clinical practice (osimertinib [osi],
alectinib, pembrolizumab [pembro] or platinum chemotherapy [CT]-based treatments [CT +/- pembro]).
Exclusion criteria included: (1) patients with other malignant tumors; (2) patients with ECOG PS ≥ 3; (3)
patients who received prior systemic oncological treatment; (3) patients with mental illness prohibiting
informed consent. Of note, to reduce the interference with EVs isolation and kinetics, only patients not
affected by other medical conditions and not receiving other concomitant medications were �nally
considered for study analysis. The study was conducted following the Declaration of Helsinki, and the
protocol was approved by The Ethics Committee Palermo I (AIFA code CE 150109).

Blood samples and plasma separation
Blood samples (5 mL) were collected into K2 EDTA tubes (BD Vacutainer®) early in the morning with
fasting required. Blood samples from included patients were collected at baseline before the �rst drug
administration and at each instrumental disease re-evaluation during the treatment course according to
clinical practice. Blood samples from healthy controls were collected at baseline and after twelve weeks
of follow-up, and treated equally. As previously described [22], blood specimens were immediately
processed for plasma collection and centrifuged twice. The �rst refrigerated centrifugation was
performed using low force for 10 minutes at 1.200 x g to retain the vast majority of EVs and exclude
cellular material. The second centrifugation was carried out for 10 minutes at 16.000 x g to completely
remove some of the large vesicles including cellular fragments and cell debris. Sample processing was
carried out within 15 minutes of blood collection. An aliquot (2ml) of collected plasma from both patients
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and healthy controls was immediately processed for isolating EVs, whereas other aliquots were frozen at
-80°C for subsequent biophysical or biological analysis. Further, to remove the cryoprecipitates, the
appropriately thawed plasma aliquot was centrifugated for 5 minutes at 3.000 x g and 4°C before the EV
isolation steps.

Extracellular vesicles isolation
According to the most recent ISEV guidelines [23], following serial centrifugation steps, EVs were isolated
using a membrane a�nity-based method [24] [9]. Brie�y, EVs were isolated using the exoEasy Maxi Kit
(Qiagen, Hilden, Germany), based on a membrane a�nity puri�cation method, according to the
manufacturer’s protocol. Speci�cally, non-vesicular proteins along with organic polymers and other
impurities were washed out during a column-based centrifugation procedure using such a membrane
a�nity method. Healthy control samples were treated equally.

Extracellular vesicles characterization by Western Blot (WB)
EVs were analyzed to detect speci�c proteins well-known as markers of the EV population. 20 µg of EVs
were resolved by Novex Bis-Tris SDS-acrylamide gels (Invitrogen, Life Technologies, USA) in reducing
conditions and with heating. After the electrophoresis, proteins were transferred to nitrocellulose
membranes (GE Healthcare Life Sciences, Boston, USA) and non-speci�c binding sites were blocked by
incubating membranes in a blocking solution: 10% non-fat dry milk (Sigma-Aldrich, St Luis, USA) in Tris-
Buffer Saline, 0.1% Tween (TBS-T), for 60 min, at room temperature. Then, membranes were incubated
overnight at 4°C with monoclonal anti-TSG-101 (dilution 1:500; sc-7964) and ALIX (dilution 1:500; sc-
53540) antibodies; after three washes in TBS-T, the membranes were incubated with speci�c secondary
HRP-antibodies (dilution 1:10000) for 1 hour (Santa Cruz, Biotechnology Inc). Chemiluminescence was
detected using Chemidoc system (BioRad ,Hercules, California, USA).

Extracellular vesicles quanti�cation by Bradford assay (BA)
EV-protein levels de�ned as cell-free EV protein content (cfEV) were determined using BA. In brief, 10 µl of
EVs resuspended in PBS were added to 200 µl of Coomassie Protein Assay Reagent (Pierce, Rockford, IL,
USA). The absorbance at 595 nm was measured using the spectrophotometer (SPECTROstar nano BMG
LABtech). The protein concentration was calculated using a standard curve of a dilution series of bovine
serum albumin (BSA, Merck, Darmstadt, Germany) according to standard protocols from our group [25].

Extracellular vesicles characterization by Dynamic Light
Scattering (DLS)
DLS assay was used to evaluate the biophysical biomarker of an aliquot of isolated EVs from patients
and healthy subjects using PBS and a commercial elution buffer (XE, Qiagen) as negative controls. Each
isolated EV sample was poured directly into a quartz cuvette and centrifugated at 1.000 x g for 10
minutes and 4°C to remove any dust particles. Subsequently, isolated EVs were placed at 20°C in a
thermostatic 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
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C11202-050). The scattered light intensity and its time autocorrelation function g2(t) were measured
simultaneously at 90° by using a BI-9000 correlator (Brookhaven Instruments). Absolute values for
scattered intensity (excess Rayleigh ratio at 90°, R90) were obtained by normalization to toluene and
subtraction of the buffer signal [26]. R90 is proportional to the particle number concentration N, the
squared weight-averaged mass (Mw)2, and the form factor P(q); therefore, in the case of particles with
the same size and shape, it can be considered as a rough esteem of the vesicle amount [27]. The
autocorrelation functions were �tted by a two-component Schultz distribution for the diffusion coe�cient
D [28][29]. 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 DLS measurement was
performed both on a vesicle sample in buffer XE and 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-sized particles due to buffer XE. The �rst 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 [30].

Statistical considerations
Descriptive statistics were used to analyze demographic and clinical data. According to radiologic
response, e�cacy was de�ned as responsive (complete response [CR] or partial response [PR]) or non-
responsive disease (stable disease [SD] or progressive disease [PD]), based on the standard RECIST 1.1
criteria. A paired Wilcoxon test was used to compare the mean EV plasma levels before and after the
treatment course. Regarding cfEV, we dichotomized values as ≥ and < 20% indicating the change from
baseline cfEV to higher and lower levels, respectively, after the initiation of treatment. The Kaplan–Meier
method was used to perform survival analysis providing median values and their 95% con�dence interval
(CI) with p-values, while the log-rank test was selected for comparisons. Univariable and multivariable
analyses were performed using the Cox proportional hazards regression models. The multivariable model
included as covariates all pretreatment clinically meaningful parameters and/or statistically signi�cant p-
values at univariable analysis. A logistic regression model was performed to evaluate the relationship
between one or more independent variables with a dependent one. Progression-free survival (PFS) was
calculated from the date of study inclusion to the �rst evidence of disease progression or death from any
cause or censored at the most recent follow-up. A p-value < 0.05 was used as the threshold for statistical
signi�cance. All the statistical analyses were performed using SPSS statistics software, version 20 (IBM,
Armonk, NY, USA).

Results
With a median follow-up of 34.2 months (range: 24.8–42.0 months), among 87 patients meeting the
eligibility criteria, 27 consecutive patients with advanced NSCLC and no other medical conditions or
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concomitant medications were prospectively included. Brie�y, a total of 135 liquid biopsy samples were
collected isolating EVs from 27 patients at baseline with paired available plasma samples at disease
radiologic re-evaluation. To discover and validate any EV-based biomarkers in the advanced setting of
NSCLC, we further categorized the overall population by speci�c treatment subgroups including 8, 6, and
9 patients receiving osi, pembro, and CT +/- pembro, respectively. Clinicopathological characteristics are
summarized in Supplementary Table S1. In addition, BA and DLS analyses were performed on two
healthy volunteers (one female and one male) to highlight any signi�cant differences between patients
with NSCLC and healthy controls.

Plasma EVs characterization and frequencies over
treatment
Speci�c markers, protein content, size, and amount of plasma-EVs were examined to demonstrate their
nature and purity (Fig. 2). Isolated EVs were characterized via WB revealing conventional EV markers
such as Aand TSG-101. Four representative samples (one for each speci�c treatment subgroup) are
shown in Fig. 2C. Morphological analysis of EVs was performed by DLS taking into consideration R90,
Dz, and PDI values. DLS showed a Dz value ranging from 183 to 260 nm with an average size of 228.5
and 233.7 nm at baseline and restaging, respectively, without any on-treatment signi�cant differences in
diameters (p = 0.24) (Fig. 3, Supplementary Table S2). An average R90 value of 2964.75 and 2315.54 10 
− 6 cm-1 was found at time T0 and T1 with no signi�cant changes regarding the amount of EVs over
therapy (p = 0.21) (Fig. 3, Supplementary Table S2). We observed an average PDI value of 0.21 and 0.18
at baseline and restaging, showing statistically signi�cant differences in the width of distribution size of
EVs over treatment (p = 0.03) (Fig. 3, Supplementary Table S2). BA of plasma EVs showed a mean protein
value of puri�ed cfEVs of 1.26 and 1.49 µg/ml at baseline and restaging, respectively, resulting in
statistically signi�cant changes during the treatment course (p = 0.02) (Fig. 3, Supplementary Table S2).

Compared to healthy donors, treatment-naïve patients with advanced NSCLC presented with higher levels
of both EV protein content and total vesicles along with steadily higher cfEV and R90 values both at
baseline and following systemic treatment (Supplementary Table S2). Interestingly, DLS analyses
revealed smaller size and less dispersed distribution for EVs isolated from treatment-naïve patients with
NSCLC (Fig. 4, Supplementary Table S2).

Association of plasma EVs dynamics with survival
according to treatment subgroups
As previously evaluated for cfDNA kinetics [22], we evaluated the dynamics of cfEV in the overall cohort
population and across treatment subgroups according to available plasma samples, detecting a 20%
median increase of cfEV as the cut-off point for analyses of patients receiving osi, pembro or CT +/-
pembro. Overall, 13 patients with Δ cfEV decrease had clinically improved mPFS (25.2 months, 95% CI:
14.9–35.5) when compared to 11 patients with Δ cfEV increase (8.3 months, 95% CI: 3.6–12.9), trending
to the formal signi�cance (p = 0.07) (Fig. 5). Namely, dealing with treatment subgroups, patients receiving
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single-agent pembro with decreasing Δ cfEV levels presented with a statistically improved mPFS (25.2
months, 95% CI: 11.7–38.8) compared to those patients with increasing Δ cfEV (6.8 months, 95% CI: 0-
6.8) (p = 0.04). To the contrary, no differences in mPFS according to Δ cfEV were observed in the CT +/-
pembro group (6.1 [95% CI: 1.1–11.1] vs 8.3 months [95% CI: 7.7–10.1]; p = 0.9). Intriguingly, EGFR-
positive patients receiving osi with Δ cfEV decrease tended to experience longer mPFS (35.1 months, 95%
CI: 14.9–35.5) as compared to patients with increasing Δ cfEV values (20.8 months, 95% CI: 11.2–30.4)
(p = 0.06). Interestingly, four patients with R90 decreasing values are still responding whereas one patient
with R90 increasing valuehad a rapidly progressive disease. Figure 6 depicts the Kaplan–Meier plot of
PFS according to treatment subgroups in patients Δ cfEV decrease.

Univariable and multivariable associations between potential risk factors and extracellular vesicles
dynamics 

Different clinical variables were evaluated as potential independent risk factors for PFS or cfEV dynamics
using Cox proportional hazards regression analysis. The tested variables were gender, age, smoking
status, histology, treatment, tissue PD-L1 expression levels, and cfEV kinetics. Finally, the multivariable
analyses suggested ECOG PS of 2 as the only independent risk factor for survival whereas none of the
tested clinical parameters resulted in signi�cantly affecting the cfEV dynamics during the treatment
course (Supplementary Tables S3-S4). 

Longitudinal monitoring by liquid biopsy data

Finally, focusing on patients with su�cient biospecimens for 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 (cfEV and R90) (Figure 7).

Discussion
Despite emerging personalized treatments have dramatically changed the clinical practice of NSCLC,
unfortunately, the prognosis of such patients with advanced disease remains poor with treatment
response being regrettably con�ned to speci�c subsets of patients [31]. In the precision oncology era,
research on biomarker-driven treatment has been rapidly evolving with different liquid biopsy analytes
being intensively investigated for diagnosis and prognostication in the most common solid tumors [14].
Over the last decade, a growing body of emerging preclinical data supported the investigation of EVs as a
compelling source of cancer biomarkers leading to differing retrospective series that evaluated the
sampling of plasma EVs as a promising approach to dynamically track the real-time cancer
behavior [32] [33]. However, the signi�cance of EV contents in ex-vivo samples from prospective clinical
cohort trials remains poorly understood. In this fascinating scenario, we designed a prospective
biomarker trial to evaluate the dynamics of plasma EVs pro�le as prognostic and/or predictive
biomarkers in the �rst-line clinical setting of NSCLC. 
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First, we demonstrated the feasibility of isolating and accurately characterizing EVs from the plasma of
treatment-naïve patients in a real-life setting of advanced NSCLC. To improve the separation e�ciency
and enrichment during the isolation steps, we used serial centrifugation steps followed by a membrane
a�nity-based method that could yield puri�ed vesicle fraction by largely removing co-isolating structures
(such as protein complexes or lipoproteins, especially abundant in plasma), thus con�rming the improved
performance of combined isolation methods when dealing with clinical samples [34] [35]. EV
characterization, through the evaluation of well-known protein markers, was assessed by WB. EV protein
amount was evaluated by BA, an informative, cheap, and easy-to-use colorimetric assay, that quanti�ed
the amount of EV protein content in our cohort. EV size was analyzed by integrating DLS, a brownian
motion-based technique that evaluated the integrity and purity of EVs, taking into consideration R90, Dz
and PDI for the estimation of the number, diameter, and size distribution of EVs, respectively. Overall,
according to R90 and cfEV parameters, we noted that the number of EVs and their protein levels were
signi�cantly increased in the plasma of NSCLC patients compared to healthy donors. This was consistent
with previous reports that however used dissimilar techniques such as transmission electron microscopy
and �ow cytometry [36]. As re�ected by Dz values, we reported a smaller size for EVs isolated from
NSCLC patients compared to healthy subjects. Finally, considering a PDI value not greater than 0.4 in
both healthy and cancer individuals, we detected a homogenous population of vesicles within
monodispersed plasma samples [37]. Noteworthy, it should be considered that the biological response of
EV cargo could be affected by its dispersion state and solubility in plasma. In our study, compared to
microscopy techniques, DLS provided additional data of paramount signi�cance on the biodistribution of
nanoparticle properties. An added advantage is that DLS is not time-consuming, not as technically
challenging, and does not result in any sample loss, making it a valuable and complementary approach
for the quanti�cation of plasma EV protein levels and the detection of residual small size co-isolates,
especially when dealing with scant and precious patients’ plasma samples [38]. These data support the
use of DLS as a valid technique for characterizing in vivo EVs with a low limit of detection from the
plasma of patients with advanced NSCLC, con�rming previous �ndings from other solid tumors [39][40].
In addition, we leveraged the combination of DLS with BA to improve sample characterization and further
investigate EV protein content, demonstrating that this approach in NSCLC patients allowed a
quantitative and high-throughput characterization of puri�ed EVs even in cases of limited sample
volume. 

Then, we asked whether the dynamics of plasma EVs from baseline to �rst radiologic re-staging could
unveil patients’ survival according to speci�c treatment subgroups. We observed that the level of plasma
EV proteins and the width of EV distribution were signi�cantly affected over time by the treatment course
whereas EV amount and diameters did not show any statistically signi�cant on-treatment variations.
Interestingly, in the overall cohort, we observed that dynamic EV protein changes were associated with
sustained treatment responses and clinically improved survival since responders exhibited decreasing
levels of cfEV compared to a signi�cant increase in non-responders. Strikingly, this was clinically
prominent in those patients receiving pembro or osi, compared to those patients undergoing
chemotherapy +/- pembro. In the pembro subgroup, the Δ cfEV was signi�cantly associated with survival
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(p=0.04) whereas in the osi arm the threshold for statistical signi�cance was not formally reached
(p=0.06). Importantly, we proved that cfEV kinetics was not affected by any baseline patients’ clinical
characteristics while, in line with other evidence, the multivariable analysis identi�ed only ECOG PS as a
potentially interfering risk factor associated with worse survival in the overall cohort [41].

The limitations of this study include the non-randomized design, the small sample size, the heterogeneity
of clinical-pathological characteristics, and the lack of results in terms of overall survival. As regards the
limited sample size, it should be noted that, to strictly limit any selection or sample analysis biases
affecting the outcome of EV experiments, according to the latest ISEV guidelines we only considered and
tested fasting plasma from a real-life consecutive series of advanced NSCLC patients presenting with no
other co-existing medical conditions or concomitant medications [23]. Moreover, to test for the variability
of EV-based features and to further validate our results, we analyzed matched intraindividual plasma
samples with repeated plasma samples serving as controls not eventually affected by individual
differences. Considering the immature follow-up and the absence of enough death events, here we did
not present any results of EV dynamics in terms of overall survival that would however have been
affected by subsequent treatment lines. Besides, a signi�cant constraint could regard the use of DLS that
could not characterize the speci�c phenotype of the isolated EVs, albeit resulting to be extremely useful
when characterizing precious plasma samples. Nevertheless, this proof-of-concept study provided
preliminary evidence on the potential role of plasma EVs as circulating biomarkers generating a study
hypothesis that should be adequately addressed by larger prospective trials for obtaining accurate,
reliable, and fast biomarkers of treatment response, mostly in those patients who are candidates to
receive �rst-line single-agent pembro or osi.

Conclusions
The results of this study showcased the feasibility of the serial on-treatment monitoring of plasma EVs in
the �rst-line setting of NSCLC, providing an added value in the real-time monitoring of treatment response
which is more prominent in those patients receiving �rst-line single-agent pembro or osi. Besides the
e�cacy of the isolation methods and the purity of the retrieved EV fraction, some practical considerations
such as costs, hands-on time, and the total duration of isolating procedures should be pondered [42]. The
increased amount of circulating EVs (R90) and the higher level of associated proteins (cfEV), when
compared to healthy subjects, might better re�ect the biology of NSCLC. This evidence, together with the
increased stability in plasma, warrants larger controlled studies to explore EVs as novel promising liquid
biopsy biomarkers even for early cancer detection, as recently outlined [43]. Despite contemporary EV
research extensively relies on a wide range of biochemical and physical analysis methodologies, it is
essential to delve deeper into in vivo samples and validate such differing EV-based approaches in the
clinic for diagnostic and therapeutic purposes.
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Figure 1

Graphical scheme design of the LEXOVE prospective study. Line A shows patients’ accrual according to
tissue predictive molecular pathology following clinical practice guidelines. Line B depicts
complementary evaluation of plasma samples for extracellular vesicles (EVs) analyses at baseline and
the �rst radiologic evaluation of disease within 12 ±1 weeks (W12): circulating EV isolation was carried
out using serial centrifugation steps followed by a membrane a�nity-based commercial method
(exoEasy-kit); isolated EVs were characterized using either Western Blot (WB) to determine EV-based
markers, Bradford assay (BA) for the quanti�cation of circulating EV protein content (cell-free EV, cfEV) or
Dynamic Light Scattering (DLS) to assess the amount and the size distribution of EVs (R90, Rayleigh
ratio excess at angle 90°; Dz, z-averaged hydrodynamic diameter; PDI, polydispersity index).
Abbreviations: IHC, immunohistochemistry; RT-PCR, real time-polymerase chain reaction; NA, nucleic
acids; NGS, next-generation sequencing.
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Figure 2

Extracellular vesicles (EVs) characterization: Western Blot showing positive EV staining for ALIX and TSG-
101 (A); Dynamic Light Scattering analyses of EVs isolated from healthy controls and plasma of
treatment-naïve patients with advanced NSCLC undergoing �rst-line systemic treatments at baseline (B)
and after twelve weeks follow-up (C). Abbreviations: CTRL, healthy control; CT, chemotherapy; osi;
osimertinib; pembro, pembrolizumab.
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Figure 3

Box‐and‐whisker plots showing different median levels of plasma extracellular vesicles between cancer
and healthy controls at baseline (T0) and after twelve weeks follow-up (T1) according to Bradford and
Dynamic Light Scattering analyses. Abbreviations: cfEV, cell-free extracellular vesicle protein content; R90,
excess Rayleigh ratio at 90°; Dz, z-averaged hydrodynamic diameter; PDI, polydispersity index
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Figure 4

Dynamic Light Scattering showing amount (R90), size (Dz) and distribution (PDI) of extracellular vesicles
between cancer and healthy controls at baseline (T0) and after twelve weeks follow-up (T1).
Abbreviations: R90, Rayleigh ratio; Dz, z-averaged hydrodynamic diameter; PDI, polydispersity index;
CTRL, healthy control; CT, chemotherapy; osi; osimertinib; pembro, pembrolizumab
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Figure 5

Kaplan–Meier analysis of progression-free survival according to Δ cfEV in the overall cohort population.

Abbreviations: Δ cfEV, cell-free extracellular vesicle protein levels from baseline to disease restaging.
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Figure 6

Kaplan–Meier analysis of PFS according to treatment subgroups in patients with Δ cfEV decrease.

Abbreviations: Δ cfEV, cell-free extracellular vesicle protein levels from baseline to disease restaging; osi,
osimertinib; pembro, pembrolizumab; CT, platinum-based chemotherapy.
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Figure 7

Graphical representation of the longitudinal monitoring according to the dynamics of amount (R90) and
protein levels (cfEV) of extracellular vesicles (EVs) among different treatment subgroups. Abbreviations:
CRT, healthy control; CT, chemotherapy; osi; osimertinib; pembro, pembrolizumab; W12, �rst disease
restaging at twelve weeks; cfEV, cell-free extracellular vesicle protein levels; R90, the Rayleigh scattering
values.
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