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Background: The biological mechanisms responsible for the different incidences of bone metastases in
molecular subgroups of non-small cell lung cancer (NSCLC) are not identified. Extracellular vesicles (EVs)
may play a role, as they are involved in organotrophic metastasis. Phosphorylation of epidermal growth factor
receptor (EGFR) in exosomes possibly leads to an increase in receptor activator of nuclear factor kB ligand
(RANKL) triggering osteoclastogenesis. In search for new biomarkers with focus on EVs and RANKL, we
studied in plasma of patients with EGFR* NSCLC the associations between the total concentration of EVs,
RANKL" EVs, RANKL, and osteoprotegerin (OPQG) protein levels, osimertinib treatment, presence of bone
metastases and skeletal related events (SREs).

Methods: From the prospective biomarker cohort study START-TKI (NCT05221372), including
patients with metastatic EGFR* NSCLC, we collected deep frozen plasma samples at initiation and during
osimertinib treatment. Imaging flow cytometry (IFC) was used to determine the concentration of tetraspanin
positive EVs and detection of RANKL on EVs. RANKL and OPG levels were measured by enzyme-
linked immunosorbent assay (ELISA). Data on demographics, date of NSCLC diagnosis, date of initiation
of osimertinib, presence of bone metastases and SREs were collected. Primary endpoint was the relation
between (RANKL") EV levels and bone metastases.

Results: Forty unique patients with in total 50 plasma samples (45% at initiation of osimertinib, 55%
during osimertinib treatment) were included. Identification of EVs was possible in 38/40 patients, and
determination of RANKL and OPG plasma levels in all samples. Of these 40 patients, 25 (63%) had bone
metastases at sample collection. Both total EV and RANKL" EV concentrations were significantly higher
in samples at initiation of osimertinib compared to samples during treatment [mean = standard deviation
(SD), 6.3x10"°+2.1x10"/mL plasma vs. 3.2x10"+1.9x10"*/mL plasma, P<0.001 for total EV concentrations;
and 2.2x10'°29.3x10°/mL plasma vs. 1.1x10'"°+8.0x10°/mL plasma, P=0.001 for RANKL" EVs]. Patients
without a SRE had a significantly higher concentration of RANKL" EVs compared to patients with an
SRE (mean = SD, 1.8x10'"°+1.1x10'%/mL plasma vs. 1.1x10'°7.4x10°/mL plasma, P=0.02). No association
was found between the total EV concentration or RANKL" EVs, plasma levels of OPG and RANKL and
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bone metastases.
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Conclusions: No association was found between the presence of bone metastases and the total concentration
of EVs, RANKL' EVs, or plasma values of RANKL and OPG. In patients without SREs the concentration
of RANKL" EVs was significantly increased. Both the total EV and RANKL" EV concentrations significantly
decreased during osimertinib treatment. This opens new perspectives for the role of (RANKL") EVs as

prognostic biomarkers for EGFR" NSCLC disease progression and response to therapy.
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Introduction
Background

Approximately half of the patients with non-small cell lung
cancer (NSCLC) have metastases at diagnosis (1,2). The
biological mechanisms underlying the predilection of tumor

Highlight box

Key findings

e ‘Total extracellular vesicle (EV) count and receptor activator of
nuclear factor kB ligand (RANKL)" EV count in plasma significantly
decreased during osimertinib treatment in epidermal growth factor
receptor (EGFR)" mutated non-small cell lung cancer (NSCLC). No
association was found between bone metastases and (RANKL") EV
count, plasma values of RANKL or osteoprotegerin (OPG).

What is known and what is new?

® It is known that patients with bone metastases have an increased
RANKL gene expression and RANKL:OPG ratio. EVs are
involved in organotrophic metastasis. In vitro analysis shows
that NSCLC cells release exosomes which induce EGFR
phosphorylation, leading to NSCLC-induced osteoclastogenesis
and osteolytic bone invasion.

*  We demonstrated that it is feasible to identify EVs using imaging
flow cytometry and to determine RANKL and OPG plasma levels
in archived long-term frozen plasma samples. Next to our key
findings, our results indicate a trend toward improved overall

survival in patients with lower EV counts.

What is the implication, and what should change now?

* As (RANKL") EV counts significantly decrease during treatment,
these could serve as a potential biomarker for EGFR* NSCLC
disease progression and response to therapy. Further research is
needed to broaden these findings to NSCLC patients without
an actionable driver mutation treated with e.g., chemotherapy or
immunotherapy.

© AME Publishing Company.

cells to metastasize to a specific organ are complex (3,4).
Understanding these mechanisms could provide valuable
insights for identifying and potentially prophylactically
treating patients at increased risk for certain organ
metastasis. Previously, we found an association between
epidermal growth factor receptor (EGFR)" mutated
NSCLC and an increased incidence of bone metastases
compared with other molecular subtypes (5). We aimed to
identify the underlying biological mechanisms responsible
for these differences by performing tumor tissue analysis
of EGFR, receptor activator of nuclear factor kB (RANK),
RANK ligand (RANKL), and osteoprotegerin (OPG)
gene expression. This showed that patients with bone
metastases had an increased RANKL gene expression
and RANKL:OPG ratio, but we could not demonstrate
differences between patients of other molecular subtypes (6).
As EGFR signaling is involved in RANKL-mediated
osteoclast differentiation and survival, we hypothesized
that there could be a relation between upregulated EGFR
expression (which could result in increased EGFR signaling)
and bone metastases (7-9). Although EGFR gene expression
was increased in the EGFR" subgroup, bone metastases
and EGFR gene expression were not associated with each
other (6). A key limitation of this study was the small sample
size, mainly due to the lack of sufficient tumor tissue in
the available biopsies, which resulted in limited statistical
power. The lack of sufficient tumor tissue after performing
all standard diagnostic procedures for biomarker analysis is
a frequently encountered problem in translational research,
and less invasive methods are needed (10). The use of liquid
biopsies is increasing in molecular analysis and disease
monitoring. Therefore, it would be of great clinical use if
the biological behavior of a tumor could be predicted via
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blood-based analysis.

Extracellular vesicles (EVs) are important in intracellular
communication and the complex cascade of invasion-
metastasis (3,4,11). These EVs contain lipids, nucleic acids,
and proteins, as cargo, and are actively secreted by all cells
within the human body. They can be classified based on
their biogenesis pathways into apoptotic bodies exosomes,
and microvesicles (4). EVs are involved in organotrophic
metastasis, the phenomenon in which specific tumors exhibit
a predilection for spreading and outgrowth at distinct
distant metastatic sites and have been shown to influence
the redirection of metastatic distribution (4,12). An in vitro
study assessing the role of EVs in NSCLC bone metastasis
revealed that NSCLC cells release exosomes containing
EGFR ligand and amphiregulin (AREG), which induce
EGFR phosphorylation. In turn, EGFR phosphorylation
increases RANKL at both the mRNA and protein levels
in pre-osteoclasts, leading to the upregulation of matrix
metalloproteinase-9 (MMP-9) and tartrate-resistant acid
phosphatase (TRAcP) expression, and possibly triggering
osteoclastogenesis (13). These processes result in NSCLC-
induced osteoclastogenesis and osteolytic bone invasion.

Rationale and knowledge gap

Our understanding of EVs in vivo remains limited. Small
studies (n=27-35) including patients with lung cancer and
healthy controls, and a rabbit lung cancer model showed
that patients and rabbits with lung cancer exhibited
higher levels of circulating EVs in comparison to healthy
individuals (14,15). Research on EVs and their clinical
translation is hindered by the absence of an established
baseline value that could serve as a reference point for
other studies. Multiple factors contribute to this, including
variations in both the techniques used for EV isolation
and quantification and a lack of clinical studies that can
effectively translate the in vitro findings into clinical practice
(16,17). Therefore, we initiated a clinical study to assess
EVs in archived frozen plasma samples from patients with
metastatic EGFR" NSCLC using a robust technique that
has been demonstrated to detect single EVs in clinically,
complex biofluids such as plasma without needing prior EV
isolation, called imaging flow cytometry (IFC) (18).

Objective

The main objectives of this study were to investigate
potential associations between (I) the levels of circulating
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EVs and the presence of bone metastases, and (II) the
expression of RANKL on EVs in relation to bone
metastases. The secondary objectives included evaluating
the levels of RANKL and OPG proteins in the same
plasma in relation to bone metastases and the association
of total circulating EVs and RANKL" EVs, OPG and
RANKL plasma levels to osimertinib treatment, presence
of SREs and overall survival (OS). We present this article in
accordance with the TREND reporting checklist (available
at https://tler.amegroups.com/article/view/10.21037/tlcr-
24-1007/rc).

Methods

This study involved the analysis of archived frozen plasma
samples from patients with metastatic EGFR" NSCLC at the

Erasmus Medical Center Cancer Institute.

Patient selection and data collection

This study used plasma samples of patients with EGFR"
NSCLC enrolled in the prospective biomarker cohort study
START-TKI (NCT05221372) (19). Patients were eligible for
this study when harboring an activating EGFR mutation for
which EGFR-tyrosine kinase inhibitor (EGFR-TKI) treatment
was initiated. We included plasma samples of patients closest
to the initiation of osimertinib treatment (<6 weeks before
initiation and at initiation) and during osimertinib treatment.
At least one follow-up visit after initiation of osimertinib was
required, otherwise patient samples were excluded.

The medical records of all patients, both inpatient
and outpatient, were obtained. The following data were
collected: demographics, date of first diagnosis and date of
metastatic NSCLC, date of initiation and discontinuation
of osimertinib, date of diagnosis, number and localization
of bone metastases, presence of bone metastases at sample
collection, presence of SREs (20) in patients with imaging
confirmed bone metastases date and type of first SRE (if
applicable), use of bone targeted agents, and date of death
or last follow-up. Bone metastases diagnosed within 4 weeks
of sample collection are considered to be present at the time
of sample collection. Routine radiological evaluation was
conducted every 2 to 3 months by chest and upper abdomen
computer tomography (CT) scans with iodine contrast. The
most recent follow-up date was May, 4, 2023.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Medical Ethics Review Committee
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(MERC) of Erasmus Medical Center Cancer Institute (No.
MEC 2016-643), and registered on ClinicalTrials.gov (No.
NCT05221372). All patients provided informed consent.

Measurement of RANKL and OPG proteins in plasma
The protein levels of RANKL and OPG in plasma samples

were measured by enzyme-linked immunosorbent assay
(ELISA). For this, both human TRANCE/RANKL/
TNFSF11 Duoset ELISA (R&D systems, Minneapolis,
MN, USA; DY626) and human OPG/TNFRSF11B
Duoset ELISA (R&D systems, DY805) were performed
according to the manufacturer protocol. Thawed plasma
samples were centrifuged for 5 minutes at 400 xg before
measurement and 100 pL plasma was taken from the top
layer and pipetted in a 96-well ELISA plate coated with
capture antibody diluted in phosphate-buffered saline
(PBS). The OPG ELISA samples were first diluted 2 times
in 1% bovine serum albumin in PBS. The RANKL ELISA
samples were measured undiluted.

Measurement of EVs in plasma samples

IFC ImageStream® Mk II instrument (Cytek Biosciences,
Seattle, WA, USA) was performed according to the
methodology of Woud et al. (18).

Monoclonal antibodies (mAbs) and isotype controls were
vortexed and then 10 minutes centrifuged at 16,000 xg to
remove antibody aggregates. The antibodies were diluted in
0.22 pm filtered PBS (fPBS) to the working concentrations.
In the supplemental data, Table S1 shows characteristics of
the different antibodies.

Optimal TRANCE/RANKL mAb concentrations were
determined by performing titration series in combination
with CD9/CD63/CD81 tetraspanin expression in
conditioned medium (CM) from human osteoblast (SV-
HFO) cultures. The optimal concentration of RANKL
mAb was determined as the concentration that gave the
best distinction between sample [CM/platelet poor plasma
(PPP)] and background (fPBS/PPP). The concentration
of the tetraspanins mixture (CD9, CD63, and CD81)
was adopted from Woud ez al. (18). EVs were defined as
tetraspanin positive events, and RANKL" EVs as both
tetraspanin and RANKL" events.

Antibody staining was performed in 130 pL, consisting
of 30 uLL PPP, 12.5 pL of working solution of each of
the tetraspanin mAbs, 12.5 pL of working solution
containing RANKL mAb topped up with fPBS to
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130 pL. After incubation overnight at 4 °C (dark), samples
were set to a total volume of 380 pL using fPBS before
IFC measurement. Controls that were taken along were
fPBS only, fPBS with antibodies, fPBS with isotype
controls, unstained PPP, PPP with isotype controls and
detergent (10% v/v TritonX-100) treated PPP and {fPBS.
Detergent treatment was performed for 30 minutes at room
temperature for all mAb stained PPP samples and four fPBS
samples. The supplemental data includes figures detailing
the identification of individual EVs.

Data acquisition and analysis were performed according
to Woud et al. (18). In brief, the lasers used were 488 nm:
200 mW; 642 nm: 150 mW; side scatter (SSC): 1.25 mW.
High gain mode was activated and data was acquired over
180 seconds for standardization between samples using the
60x objective with fluidics set to low speed/high sensitivity.
The core size was set to 6 pm. RANKL fluorescence was
detected in channel 2 (435-505 nm), allophycocyanin (APC)
fluorescence in channel 5 (642-745 nm) and SSC signals in
channel 6 (745-785 nm). Data analysis was performed using
Amnis IDEAS software, version 6.2. To establish the analysis
of single nanoparticles, all events with SSC intensities <900
arbitrary units (a.u.) were selected and events showing
multiple fluorescent spots were excluded from analysis. With
this gating strategy single spot fluorescent particles <400 nm
were selected and analyzed (18).

Statistics

SPSS (v20; SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. Descriptive statistics of demographic
and clinical variables were collected. All data underwent
outlier detection, and in the presence of any identified
outliers, they were subsequently removed from the dataset.
Categorical variables were compared using Chi-squared
tests or Fisher exact probability tests, and continuous
variables were compared using the Mann-Whitney
U test or Kruskall-Wallis test. The reverse Kaplan-Meier
was used for calculating median follow-up time. The OS
was calculated by Kaplan-Meier. Patients still alive were
censored at the last day of follow-up.

Results
Patient characteristics

In total 50 plasma samples of 44 unique patients were
available for analysis. Four patients were excluded as
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Table 1 Patient characteristics

Characteristics Data (n=40)
Female 22 [55]
Never smoker 10 [25]
Age at diagnosis metastatic NSCLC (years) 61.7 [43-78]
Mutation
Common (exon 19 del, L858R, T790M) 38 [95]
Uncommon 2 [5]
Bone metastases present at sample collection 25 [63]
Bone metastases development after sample 6 [15]
collection
Total number of patients with bone metastases 31 [78]
during their disease span
SRE present at sample collection’ 12/25 [48]
At least one SRE present™* 20/31 [65]
Treatment with bone targeted agents 2 [5]

Data are presented as n [%], mean [range], or n/total [%]. T,
percentage was calculated in all patients with bone metastases;
*, one patient had hypercalcemia, without bone metastases.
Del, deletion; NSCLC, non-small cell lung cancer; SRE, skeletal
related event.

their sample was obtained >6 weeks before initiation of
osimertinib treatment, thus 40 patients were included
in analysis. Plasma samples were stored at -80 °C for an
average duration of 37.4 months.

All patients were not treatment-naive, rather treated with
osimertinib in the second or later line. In 18 of 40 patients
(45%) a plasma sample was available at initiation of
osimertinib. In 22 out of 40 patients (55%) a plasma sample
was only available during osimertinib treatment, which was
obtained after a median duration of osimertinib treatment
of 12.1 months (range, 0.7-43.5 months). Of the patients on
treatment, 17/22 patients (77 %) had an ongoing radiological
response and 5/22 patients (23 %) had disease progression
at the time of sample collection. Patient characteristics are
shown in 7able 1. For clinical outcomes, the median follow-
up from initiation of osimertinib treatment was 44.0 months
[95% confidence interval (CI): 34.5-53.5].

Total and RANKL positive EV concentrations at initiation

and during osimertinib treatment

Identification of EVs from plasma was possible in
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38 patients (95%). In two patients, the results were not
replicable due to technical factors. Detection of EVs was
based on their combined CD9/CD63/CD81 (tetraspanins)
expression. The total concentration of EVs and the
percentage of RANKL® EVs of the total EVs per patient
were normally distributed, while the levels of RANKL"EVs
and the intensity of RANKL expression were not (data not
shown).

The total concentration of EVs was 4.5x10"°+2.54x10"/mL
plasma [mean = standard deviation (SD)]. The mean
concentration of RANKL' EVs was 1.56x10"°+1.02x10'/mL
plasma and RANKL"EVs were on average 0.5% of the
total EV concentration per patient. Samples obtained at
initiation of osimertinib showed significantly higher EV
concentrations compared to samples obtained during
treatment with osimertinib (6.3x10"7£2.1x10"/mL plasma
vs. 3.2x10"£1.9x10"*/mL plasma, P<0.001; Figure 1A4).
Similarly, RANKL® EV concentrations decreased significantly
during treatment (2.2x10'°£9.3x10°/mL plasma vs.
1.1x10""+8.0x10”/mL plasma, P=0.001, Figure 1B).
No difference was observed in RANKL intensity on
RANKL" EVs at initiation or during treatment [median
7.0x10°+1.70x10° mean fluorescence intensity (MFI) vs.
8.5x10°+3.4x10° MFI, P=0.21; Figure 1C]. The percentage of
RANKL" EVs of total EVs per patient was not significantly
different at initiation or during treatment (0.4%+0.3%
vs. 0.5%=+0.5%, P=0.22; Figure 1D). Figure 1E presents a
representative dot plot image of IFC data analysis of plasma
EVs, comparing a patient at treatment initiation with a
patient during treatment with osimertinib.

The median OS from start of osimertinib was
27.2 months (95% CI: 13.7-40.8) for patients with a high
concentration of total EVs (defined as any value above the
mean) and 48.9 months (95% CI: 22.8-74.9; P=0.56) for
patients with a low concentration of EVs (defined as any
value below the mean). The same trend was observed in
patients with a high concentration of RANKL" EVs (defined
as any value above the mean), as these patients had a median
OS of 21.8 months (95% CI: 13.1-30.5). Whereas patients
with a low concentration of RANKL"EVs (defined as any
value below the mean), had a median OS of 42.3 months
(95% CI: 31.6-53.0; P=0.13).

Total EV and RANKL" EV concentrations with or without
bone metastases

The presence of bone metastases was not associated
with the total concentration of EVs at the time of
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Figure 2 Distribution of EVs in plasma samples of patients with and without bone metastases at the time of sample collection. (A) Total
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EVs, extracellular vesicles; MFI, median fluorescence intensity; OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor kB

ligand.

sample collection (4.4E+12+2.5E+12/mL plasma vs.
4.9E+12+2.7E+12/mL plasma, P=0.68; Figure 2A). Similarly,
the concentration of RANKL"EVs was not significantly
different between patients with or without bone metastases
(1.4E+10+9.7E+9/mL plasma vs. 1.8E+10+1.1E+10/mL
plasma, P=0.37; Figure 2B). There was no association
between RANKL intensity on RANKL" EVs and the
presence of bone metastases (median 8.0E+06+3.0E+06
MEFT vs. 8.3E+06+2.5E+06 MFI, P=0.96; Figure 2C). The
percentage of RANKL" EVs of the total EVs per patient was
not significantly different for patients with and without bone
metastases (0.4%x0.4% vs. 0.5%=+0.4%, P=0.56; Figure 2D).
At the moment of sample collection, 12 patients of
25 bone metastasized patients (48%) had an SRE. The
concentration of total EVs did not differ between the
presence or absence of SREs (P=0.10; Figure 34), however
patients without an SRE had a significantly higher
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concentration of RANKL" EVs compared to patients
with an SRE (mean 1.8E+10£1.1E+10/mL plasma vs.
1.1E+10+7.4E+09/mL plasma, P=0.02; Figure 3B). Whereas
the RANKL intensity on RANKL"EVs and percentage
of RANKL" EVs of the total EVs did not differ (P=0.10,
P=0.54; Figure 3C,3D).

OPG and RANKL protein levels at initiation or during
osimertinib therapy

OPG and RANKL plasma levels could be determined in all
patient samples via ELISA. The OPG plasma levels were
normally distributed, while the RANKL plasma levels were
not (data not shown). For all patients, the median OPG
plasma level was 1,869.0 ng/mL [interquartile range (IQR),
1,573.0-2,598.3 ng/mL] and the median RANKL plasma
level was 117.8 ng/mL (IQR, 91.9-133.6 ng/mL).
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The OPG and RANKL levels, or RANKL:OPG ratio
were not significantly different between samples obtained at
initiation or during osimertinib treatment (P=0.40, P=0.14,

P=0.60; Figure 44-4C).

OPG and RANKL protein levels with or without bone
metastases

There was no statistically significant difference between
OPG and RANKL levels in plasma and presence of bone
metastases (P=0.053, P=0.23; Figure 54,5B), however
patients without bone metastases had a trend to lower
OPG levels compared to patients with bone metastases.
Patients without bone metastases had significantly increased
RANKL:OPG ratios (P=0.009; Figure 5C). No significant
differences were found between OPG and RANKL plasma
levels, or RANKL:OPG ratio in patients with or without
SREs (P=0.94, P=0.93, P=0.71).

© AME Publishing Company.

Discussion
Key findings

This proof-of-concept study demonstrated the feasibility
of identifying EVs using IFC and determining RANKL
and OPG levels in plasma samples from patients with
metastatic EGFR" NSCLC. We are unable to demonstrate
a significant difference in the concentrations of circulating
(RANKL") EVs or between plasma levels of OPG and
RANKL in patients with and without bone metastases.
However, the overall concentration of EVs and RANKL*
EVs was significantly lower in samples collected during
osimertinib treatment compared to those obtained at the
initiation of osimertinib. This was not observed for OPG
and RANKL plasma levels. In patients without SREs higher
concentrations of RANKL" EVs were found, without
any differences in total concentrations of EVs and height
of RANKL expression on RANKL" EVs. Our results
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indicate a trend toward improved OS in patients with lower
total concentrations of EVs and lower concentrations of

RANKL" EVs.

Strengths and limitations

This study establishes a reproducible method for identifying
and quantifying EVs in the plasma of patients with NSCLC
using archived long-term frozen samples. This approach
avoids imposing additional diagnostic burdens on a
vulnerable patient population. Additionally, the RANKL
and OPG levels obtained are consistent with findings
from studies using fresh plasma (21), and the EV counts in
patient samples are higher than those reported in healthy
individuals. This suggests that utilizing frozen plasma does
not compromise the reliability of the results.

However, several limitations should be acknowledged.
First, the relatively small sample size and the disproportionate
ratio of patients with and without bone metastases (1.7:1)
may introduce bias, although the high incidence of bone

© AME Publishing Company.

metastases in this population highlights the importance
of ongoing research in this area. Furthermore, our study
included only non-treatment-naive patients, and samples
were collected during osimertinib treatment, which may
have affected EV concentrations and impacted the results.

Comparison with similar researches

In the last decade, there has been increasing attention
on EV research due to their potential as biomarkers,
therapeutic targets, or drug delivery systems (12,22,23).
However, the analysis of EVs presents significant challenges
and these challenges may have influenced our results. EV
associated challenges stem from various factors, including
their small size, the diversity of protein markers depending
on the cell source, the low abundance of pathological EVs,
and the absence of unique antigens that represent specific
EV classes (18). In addition, the identification of EVs in
blood plasma is impeded by the molecular complexity of
plasma, which contains diverse particles that can interfere
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with EV analysis (18). Currently, there is no established
gold standard method for detecting and distinguishing
individual EVs. To the best of our knowledge, our study
is the first to measure EV concentrations in patients with
NSCLC using IFC. Consequently, we could not directly
compare the EV concentrations to other (NSCLC) studies
in humans. A previous study in which the individual EVs
of five healthy humans were quantified using IFC, reported
a mean EV concentration of ~2E+08 objects per mL,
which is lower compared with our results (18). Due to the
absence of plasma samples from healthy controls in our
study population and because we used the high gain setting
during acquisition of the samples, a direct comparison with
our results is not possible. The lower EV concentrations in
healthy individuals are consistent with earlier research in
which higher EVs concentrations were observed in patients
with NSCLC compared to healthy controls (15,24).

The lower EV and RANKL" EV concentration in samples

© AME Publishing Company.

collected during osimertinib treatment, validate those seen
in an iz vitro study involving an EGFR mutant NSCLC
cell line, in which EV concentration drops following
treatment of the NSCLC cells with osimertinib (25).
The decrease in EV concentration mirrors the post-
resection scenario in glioblastoma, where increased
concentrations of EVs in patients revert to levels
comparable to those of healthy controls after glioblastoma
resection (26). However, the lower concentrations of EVs
during treatment contrast with the observation in patients
undergoing chemotherapy, where chemotherapy can induce
vesicle release and alter their cargo (27,28).

The presence of bone metastases was not associated with
plasma levels of OPG and RANKL. These findings are in
contrast with another study, as the predictive role of serum
levels of OPG and RANKL in detecting bone metastases
have been established in a study involving 80 patients with
breast cancer (with and without bone metastases) (29). They
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showed that an increased RANKL:OPG ratio of >0.14 had
an appropriate sensitivity and specificity (73% and 72%)
in detection of bone metastases (29). Serum values of
RANKL and OPG are affected not only by malignancy
or bone metastases but also by various factors, including
infectious diseases, age, cardiovascular comorbidity, or
diabetes (21,30-34). Furthermore, aside from its role in
bone turnover, OPG also plays a role in regulating cancer
cell invasion. Elevated serum OPG levels have been
observed in patients with metastatic NSCLC, resulting in
upregulation of miRNA-20a, which promotes NSCLC cell
invasion (35). Besides that, OPG has the capacity to bind to
the tumor necrosis factor-related apoptosis inducing ligand
(TRAIL), thus preventing the interaction between TRAIL
and its death receptors and blocking TRAIL-induced
apoptosis (31). All of these factors could potentially
influence our results, however due to the small sample sizes,
we were unable to correct for these variables.

Explanations of findings

We found that the concentration of EV per milliliter
plasma was substantial in all patients, but we could not
demonstrate a significant difference in total concentrations
of EVs between patients with and without bone metastases.
This might be explained by the disproportionate ratio
between patients with and without bone metastases, the
fact that none of the patients was treatment-naive, or by
the reduction in concentration of EVs during treatment.
In patients without SREs higher concentrations of
RANKL" EVs were found, without any differences in total
concentrations of EVs and height of RANKL expression
on RANKL" EVs. A plausible explanation for this finding
is that in patients with an SRE, RANKL" EVs are already
present in the bone microenvironment. In contrast, in
patients without SREs, these RANKL" EVs are still found
in the plasma. The overall concentration of EVs and
RANKL" EVs was significantly lower in samples collected
during osimertinib treatment compared to samples obtained
at initiation of osimertinib. Interestingly, there was no
difference between the percentage of RANKL" EVs relative
to the total EVs between initiation and during treatment.
Consequently, the decrease in RANKL" EVs is likely
attributable to the overall decline in EV concentration. The
decrease in EV concentration is plausibly associated with a
response to treatment, given that 77% of the patients had
an ongoing response.

Our hypothesis was that there was an association between

© AME Publishing Company.
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the EV concentrations and bone metastases, given EVs’
role in organotropism but we could not demonstrate this,
potential reasons were discussed above (36). Additionally,
it is possible that integrins, which are transmembrane
receptors that promote cell adhesion and migration of the
cargo of EVs, or the cargo of the vesicle (including miRNA
and proteins), play a more significant role in preparing the
metastatic niche for bone metastasis development rather
than the number of EVs or their membrane expression of
RANKL (36). It would be interesting to further explore the
relation between EV cargo (e.g., membrane expression of
RANK and EGFR, or intracellular expression of EGFR)
and presence of bone metastases in new experiments. Other
studies showed a reduced OS for patients with a high
concentration of EVs (24,37). We observed only a trend
towards decreased OS in patients with a high concentration
of EVs compared to those with a lower concentration.
However, likely owing to the limited sample sizes, inclusion
of non-treatment-naive patients, and obtaining samples
during osimertinib treatment, this did not reach statistical
significance. If the concentration of EVs and RANKL"
EVs is indeed associated with response on treatment and/
or survival, this would represent a prognostic parameter.
In case of total EV concentration, this might be easily
implemented in routine laboratory tests.

Implications and actions needed

The aforementioned limitations highlight the need for
further investigation in larger, more balanced cohorts to
validate the findings regarding the lower concentrations of
EVs and RANKL" EVs in relation to treatment response

Conclusions

No association was found between the presence of bone
metastases and the total concentration of EVs, RANKL"*
EVs or plasma levels of RANKL and OPG. However, the
total concentration of EVs and RANKL" EVs in plasma
declines during treatment with osimertinib, while in
patients without SREs there is an increase in RANKL®
EVs concentration. Our study shows the importance of EV
signatures in NSCLC patient plasma as future prognostic
parameters.
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