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Abstract

Background Platinum-resistant high-grade serous ovarian cancer (HGSOC) is a fatal disease. The main goal of current
study is to develop new strategies to predict platinum resistance, moving towards personalized therapy. Currently,
there are no validated biomarkers able to predict at diagnosis platinum resistance. Circulating tumor-derived extracel-
lular vesicles (EVs) represent a liquid biopsy of the tumor of origin and reflect its biological profile. EpCAM-expressing
EVs are largely used biomarkers of epithelial cancers in translational research. Aim of this study was to quantify,

by nano-flow cytometry, circulating EpCAM+ EVs in patients with histologically confirmed diagnosis of HGSOC FIGO
stage Ill/IV, before and after intravenous administration of the first dose of chemotherapy with paclitaxel and carbopl-
atin, and correlate EVs levels to platinum-sensitivity. As comparison, leukocyte-derived EVs were also assessed using
the pan-leukocyte marker CD45.

Results Patients with platinum-sensitive HGSOC showed significantly lower pre-chemotherapy circulating levels
of both EpCAM+ and CD45+ EVs compared to platinum-resistant cases (p<0.01). Platinum-sensitive patients dis-
played significantly higher levels of circulating EpCAM+ and CD45+ EVs 21 days post administration of the first dose
of chemotherapy compared to pre-treatment levels (p<0.05 and p<0.01, respectively). Platinum-resistant and plat-
inum-refractory patients showed significantly higher EpCAM*CD45" EVs levels than platinum-sensitive patients
(p<0.01, p<0.05, respectively).

Conclusions Tumor-derived EVs are valuable candidate biomarkers for early prediction of platinum resistance

and need to be investigated in larger prospective clinical studies.
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Background

High-grade serous ovarian carcinoma (HGSOC) is the
*Correspondence: most common histotype of ovarian cancer and accounts
ChiaraTersigni - for most deaths from ovarian cancer. The high fatality rate
f?‘jﬁ;@gg'gﬁi:;E'E'}CSESZ?:L!;O A.Gemelli IRCCS, L.go A.Gemelli 8, [1] has shown little improvement for decades due to the
Romme 00168, Italy lack of screening tests and the advanced stage at diagno-
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rate is about 48% [3]. Currently, debulking surgery and
platinum-based chemotherapy represent the gold stand-
ard treatment of the HGSOC. Although HGSOC is often
sensitive to platinum-based chemotherapy and other
DNA-damaging agents, resistance to platinum therapy
continues to be a major issue and most patients who ini-
tially have a platinum-sensitive disease, through multiple
recurrences, later acquire platinum-resistance [4]. Plati-
num resistance is commonly defined on the basis of the
duration of the response to platinum-containing chemo-
therapy. Patients who initially respond to platinum-based
chemotherapy and relapse 6 months or longer after the
initial treatment are classified as platinum sensitive, while
patients who relapse within 6 months after the start of
platinum-based chemotherapy are considered platinum
resistant. Within the platinum-resistant group, a sub-
group of patients presenting with the worst prognosis is
defined as platinum-refractory, with a disease that pro-
gresses during or within 1 month of platinum-containing
first-line chemotherapy [5].

It would be of utmost importance to identify HGSOC
patients non-responsive to platinum treatment before-
hand, to avoid drug-induced toxicity and side effects
without clinical benefit. Identification of predictive bio-
markers for HGSOC platinum-sensitivity at diagnosis
would help recognizing which patients are most likely to
benefit from standard care and which patients are plati-
num-resistant or refractory and need more personalized
and effective treatment strategies.

Extracellular vesicles (EVs) are lipid membrane vesicles
secreted by the cell which are categorized based on size,
biogenesis and release pathway. They are known to be
secreted by all human cell types and to be present in body
fluids [6]. Tumor cells produce large quantities of EVs
whose surface cargo resembles that of parent cell. Thus,
tumor-derived EVs are representative of the tumor cells
from which they originate and, because they circulate
freely in the plasma, are thought of as potential “liquid
tumor biopsies” that require a minimally invasive biofluid
sampling and may provide clinicians with a real-time
snapshot of the disease [6, 7].

Epithelial cancer cells usually express epithelial
cell adhesion molecule (EpCAM) [8] thereby mak-
ing EpCAM-expressing EVs (EpCAM+EVs) a proxy
for tumor cells, while leukocyte-derived EVs express
the common leukocyte marker CD45, thereby making
CD45+EVs a proxy for either activated or damaged leu-
kocytes. Moreover, it has been reported that cell—cell
fusion in the ovarian cancer microenvironment leads to
development of tumor cells carrying both EpCAM and
CD45 on the cell surface and that this phenotype is less
sensitive to platinum-based standard chemotherapy [9].
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In this study, we analyzed circulating levels of
EpCAM+ and CD45+ EVs in women with HGSOC at
diagnosis and after 21 days from first administration of
chemotherapy with paclitaxel and carboplatin, in relation
to the disease chemosensitivity and prognosis.

Materials and methods

Patients

This study was conducted according to the guide-
lines of the Declaration of Helsinki and approved by
the Ethics Committee of the Fondazione Policlinico
A.Gemelli IRCCS, Rome, Italy (ID: 2564 date of approval
18/07/2019).

Patients with histologically confirmed diagnosis of
HGSOC FIGO stage III/IV, referred to the Unit of
Gynecologic Oncology of the Fondazione Policlinico A.
Gemelli IRCCS of Rome, Italy, from August to October
2019 and undergoing six cycles of standard platinum-
based chemotherapy, once every 3 weeks, were enrolled
in this study. Exclusion criteria were: age <18 vyears,
unable to give written informed consent, presence of
synchronous neoplasms. Written informed consent was
obtained from all recruited patients.

Sample collection

All patients with HGSOC enrolled in this study under-
went venous blood sampling, by venipuncture from the
antecubital fossa, before and after 21 days from the first
cycle of chemotherapy with paclitaxel and carboplatin.
Blood samples were collected in a VACUETTE® test tube
with sodium citrate for plasma (2 mL). Each blood sam-
ple was double centrifuged at 1800 g for 15 min at 20° to
remove cellular components. Plasma samples were then
frozen at — 80 °C, until further use.

Flow cytometric analysis of EVs

To analyze circulating EVs, staining was performed
according to the International Society for Extracellu-
lar Vesicles (ISEV) guidelines [10]. To identify tumor-
derived and leukocyte-derived EVs, we used anti-CD326
(EpCAM) PE (phycoerythrin)-conjugated murine
monoclonal antibody (mAb) (Thermo Fisher Scientific,
Waltham, Massachusetts, USA) and anti-CD45 APC
(allophycocyanin)-conjugated mAb (Becton Dickin-
son, Franklin Lakes, New Jersey, USA), respectively. The
mAbs were used at a final dilution of 1:40. A cocktail of
the mAbs was prepared on each experimental day and
centrifuged at 13,000xg at +4 °C for 15 min. Plasma sam-
ples were thawed, v/v diluted with 100 nm-filtered phos-
phate buffered saline (PBS) and incubated in the dark at
4°C for 1 h with the mAb cocktail. Appropriate isotype
controls were also used. As additional staining control,
samples were run after disruption of EVs membranes
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with 1% Triton-X- 100, to verify disappearance of posi-
tive events. The set-up of the instrument was performed
as detailed elsewhere [11]. Briefly, the best gains for the
photodiodes, which detect fluorescence and VSSC-A sig-
nals, were determined using the 8-Peak Rainbow Beads
(BD Biosciences, CA, USA) and Megamix-Plus FSC
beads (BioCytek Marseille, France), respectively. EVs
were analyzed by a CytoFLEX (Beckman Coulter, Brea,
CA, USA) cytometer equipped with violet (405 nM),
blue (488 nM), yellow-green (561 nM), and red (638 nM)
laser excitation sources. EVs concentration was calcu-
lated using the volumetric measurement featured in the
CytoFLEX.

Statistical analysis

Data are shown as the mean + standard deviation (SD)
or percentage (%), depending on the type of variable.
All data were analyzed for distribution characteristics
using the Shapiro-Wilk test and analyzed by Chi-squared
test, Student’s t-test, Mann-Whitney U (Wilcoxon) or
Kruskal-Wallis statistics, as appropriate, performed with
Prism software version 10. For all analyses, p < 0.05 was
considered significant. The sensitivity and specificity
of EpCAM+ and/or CD45+ EVs to diagnose platinum
sensitivity were analyzed using the Receiver Operating
Characteristics (ROC) curve and its area under the curve
(AUC) value with 95% confidence intervals (95% CI). Sta-
tistical significance of the predictive value was assessed in
comparison to the test with zero predictive value (AUC=
0.5).

Results

Clinical results

Twenty-eight patients with diagnosis of HGSOC were
enrolled. The clinical characteristics of the study popula-
tion are shown in Table 1.

Clinical characteristics of HGSOC patients, accord-
ing to platinum- sensitivity, -resistance or -refractory,
are shown in Table 2. As expected, platinum-sensitive
patients underwent maintenance therapy more fre-
quently and showed longer platinum-free survival (PES),
disease-free survival (DFS) and overall survival (OS) than
platinum-resistant and -refractory patients. Furthermore,
all platinum-resistant and -refractory patients displayed a
BRCA1/2 wild type status.

Pre-chemotherapy plasma EpCAM+ and CD45+

EVs are lower in platinum-sensitive compared

to platinum-resistant HGSOC patients

The plasma levels of EpCAM+, CD45+ and
EpCAM+CD45+ EVs in platinum-sensitive HGSOC
patients (n=17) at diagnosis were significantly lower than
in platinum-resistant (n=6) patients (p<0.01; Fig. la-c
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Table 1 Clinical characteristics of the study population

HGSOC (n=28)

Age at diagnosis 622 +£9.5
BMI (Kg/m2) 235+27
Previous cancer 2(7.1%)
Breast cancer 1 (50%)
Gastrointestinal Stromal Tumors 1 (50%)
Thyroid cancer 0 (0%)
Comorbidity
Hypertension 7 (25%)
Hypercholesterolemia 4 (14.3%)
Hypertrigliceridemia 2(7.1%)
Heart disease 1 (3.6%)
Depression 1 (3.6%)
Diabetes mellitus 2(7.1%)
BRCA 1 mut 6 (21.4%)
BRCA 2 mut 6 (21.4%)
BRCA wt 16 (57.2%)
Surgery 19 (67.9%)
PDS 8 (28.6%)
IDS 11 (39.3%)
TR 4 (14.3%)
<1lcm 3 (75%)
>1cm 1 (25%)
Fist line chemotherapy
Carboplatin+Taxol 14 (50%)
Carboplatin+Taxol+Bevacizumab 10 (35.7%)
Carboplatin+Taxol+Gemcitabin+Bevacizumab 4 (14.3%)
Maintenance therapy 20 (71.4%)
Niraparib 2 (10%)
Bevacizumab 6 (30%)
Olaparib 5(25%)
Bevacizumab-+QOlaparib 2 (10%)
Others 5 (25%)
FIGO stage
nc 20 (71.4%)
VA 3(10.7%)
VB 5(17.9%)
Prognosis
Recurrence 24 (85.7%)
PFI (months) 125+109
DFS (months) 258+152
OS (months) 399+ 194

Results are expressed as mean + SD, % or Median (min-max) according to type
of variables

HGSOC High-grade serous ovarian cancer, BMI body mass index, BRCA breast
cancer genes, mut mutated, wt wild type, PDS Primary debulking surgery, IDS
Interval debulking surgery, TR tumor residual, FIGO International Federation of
Gynaecology and Obstetrics, PF/ platinum-free interval, DFS disease free survival,
OS overall survival
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Table 2 Comparison of clinical characteristics of HGSOC patients in relation to platinum-sensitivity

Sensitive (n=17) Resistant (n=6) Refractory (n=5) p value
Age at diagnosis (yrs) 626+ 10.1 60.5 £ 8.6 62.8+10.2 0.8
BMI (Kg/m2) 233+28 252+ 2.1 222+26 0.2
Previous cancer 1(5.9%) 0 (0%) 1(20%) 04
Breast cancer 0 (0%) 0 (0%) 1 (100%) -
Gastrointestinal Stromal Tumors 1 (100%) 0 (0%) 0 (0%) -
Thyroid cancer 0 (0%) 0 (0%) 0 (0%) -
Comorbidity
Hypertension 4 (23.5%) 1(16.7%) 2 (40%) 0.6
Hypercholesterolemia 2 (11.8%) 1(16.7%) 1 (20%) 0.9
Hypertrigliceridemia 1(5.9%) 1(16.7%) 0 (0%) 0.5
Heart disease 1 (5.9%) 0 (0%) 0 (0%) 0.7
Depression 1(5.9%) 0 (0%) 0 (0%) 0.7
Diabetes mellitus 0 (0%) 1(16.7%) 1 (20%) 0.2
BRCA 1 mut 5 (29.4%) 0 (0%) 0 (0%) 0.1
BRCA 2 mut 5(29.4%) 0 (0%) 0 (0%) 0.1
BRCA wt 7 (41.2%) 6 (100%) 5 (100%) <0.01
Surgery
PDS 7 (41.2%) 1(16.7%) 0 (0%) 0.1
IDS 7 (41.2%) 1(16.7%) 3 (60%) 03
TR 2(11.8%) 0 (0%) 2 (40%) 0.1
0° 15 (88.2%) 6 (100%) 3 (60%) 0.1
<lcm 2(11.8%) 0 (0%) 1 (20%) -
>1cm 0 (0%) 0 (0%) 1 (20%) -

Fist line chemotherapy

Carboplatin Taxol 8 (47%) 3 (50%) 3 (60%) 0.9

Carboplatin Taxol Bevacizumab 7 (41.2%) 1(16.7%) 2 (40%) 0.5

Others 2(11.8%) 2(33.3%) 0 (0%) 0.2
Maintenance therapy 14 (82.3%) 5(83.3%) 1 (20%) <0.05

Niraparib 2 (14.3%) 0 (0%) 0 (0%) 0.6

Bevacizumab 4 (28.6%) 2 (40%) 0 (0%) 0.7

Olaparib 4 (28.6%) 1 (20%) 0 (0%) 0.8

Bevacizumab+Olaparib 1(7.1%) 0 (0%) 1 (100%) <0.01

Others 3(21.4%) 2 (40%) 0 (0%) 0.6
FIGO stage

nc 14 (82.3%) 4 (66.6%) 2 (40%) 0.2

IVA 1 (5.9%) 1(16.7%) 1 (20%) 0.6

VB 2(11.8%) 1(16.7%) 2 (40%) 0.3
Prognosis

Recurrence 14 (82.3%) 6 (100%) 4 (80%) 0.5

PFI (months) 185+109 5+0 32+13 <0.0001

DFS (months) 303+ 156 157+82 95+35 <0.05

OS (months) 449+ 176 225+92 142+ 36 <0.01

Results are expressed as mean + SD, % or Median (min-max) according to type of variables

HGSOC High-grade serous ovarian cancer, BVl body mass index, BRCA breast cancer genes, mut mutated, wt wild type, PDS Primary debulking surgery, IDS Interval
debulking surgery, TR tumor residual, FIGO International Federation of Gynaecology and Obstetrics, PF/ platinum-free interval, DFS disease free survival, OS overall
survival

20 absence of tumor residual after debulking surgery
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Fig. 1 a-c Scatter plots representing pre-chemotherapy plasma levels of EpCAM+ EVs (a), CD45+ EVs (b) and double positive EpCAM+CD45+ EVs
(¢) in platinum-sensitive (1=17), platinum-resistant (n=6) and platinum-refractory (n=5) patients. a Pre-chemotherapy plasma levels of EpCAM+
EVs across patients’groups. b Pre-chemotherapy plasma levels of CD45+ EVs across patients' groups. ¢ Pre-chemotherapy plasma levels

of double-positive EpCAM+CD45+EVs across patients’ groups. Results are expressed as mean +/- SD or median, according to type of variables. Pre:

pre-chemotherapy; Post: post chemotherapy; * p<0.05; **p<0.01

and Fig. S1). Plasma CD45+ EVs were less abundant
in platinum-refractory (#=5) than platinum-resistant
patients (p<0.05; Fig. 1b). Platinum-refractory HGSOC
patients showed higher plasma levels of EpCAM+CD45+
EVs at diagnosis compared to platinum-sensitive patients
(p<0.05; Fig. 1c).

EpCAM+ and CD45+ EVs plasma levels increase

in platinum-sensitive HGSOC patients three weeks
post-chemotherapy

Plasma levels of EpCAM+EVs and CD45+EVs sig-
nificantly increased three weeks post-chemotherapy
in platinum-sensitive HGSOC patients compared to
pre-treatment levels (p<0.05 and p<0.01, respectively;
Fig. 2a and d). No significant differences of EpCAM+ and
CD45+ EVs were observed between pre- and post-chem-
otherapy, in platinum-resistant or platinum-refractory
HGSOC patients (Fig. 2b-c and e-f). No significant differ-
ences were found in EpCAM*CD45% EVs plasma levels
between before-after chemotherapy in platinum-sensi-
tive, -resistant or —refractory HGSOC patients (Fig. 2g-i).

Diagnostic performance of plasma EpCAM+
and CD45+EVs levels in platinum-sensitivity
The predictive value of plasma levels of EpCAM+ and
CD45+ EVs pre-chemotherapy for platinum sensitivity
were assessed by ROC analysis. The area under the curve
(AUC) was 0.82 (95% CI 0.64-0.99; p=0.005) and 0.76

(95% CI 0.59—-0.94; p=0.021), respectively (Fig. 3a-b). The
sensitivity and specificity of EPCAM+ EVS were 76.5%
and 81.8% (cut off= 42594 events/ul). For CD45+ EVs,
the sensitivity was 53% and the specificity 91% (cut offt=
32976 events/pl). The analysis of the diagnostic value of
double positive EpCAM+CD45+ EVs plasma levels at
diagnosis in platinum-resistance/refractory showed an
AUC of 0.79 (95% CI 0.61-0.98; p=0.01) (Fig. 3c) with a
sensitivity of 59% and a specificity of 91% (cut oft= 217.6
events/pl).

Discussion
Circulating tumor-derived EVs are an appealing analyti-
cal target in the context of tumor patient management
as they represent a liquid biopsy of their cells of origin
and may therefore be regarded as a potential diagnostic
and prognostic tool. The role of tumor-derived EVs as
biomarkers in ovarian cancer patients is currently under
intensive investigation using a variety of techniques [12].
By this approach, in this study we showed that plati-
num-resistant patients with HGSOC had higher levels
of plasma EpCAM+ EVs pre-chemotherapy compared
to platinum-sensitive patients, likely reflecting a more
elevated tumor cell turnover in these tumors. This is a
novel finding that extends in vitro studies showing that
the more aggressive ovarian cancer cells secrete higher
amounts of EVs and demonstrating an inherent link
between EVs release and platinum-resistance [13, 14].



Tersigni et al. Journal of Ovarian Research (2025) 18:93

Page 6 of 8

a 100000 - b 10000073 ® c 150000
* .
s . fer ¢ a ns
3 80000 L 80000+ 3
35 H ®le £ 100000 - e
& 60000 & 60000 &
] :
3 40000 3 40000 - ? ol
: é £ 50000
<
s 20000 £ 20000 4
& . & u
0- 0 0
<® qo"\ © Qo""
& & e )
S & & & &
< & & qP"\ ¢ Q.é‘
150000 — ns
d e 100000 f e ns
*ok e .
=
3 . ey 5 80000
£ 100000 3 . E
S § €
. & 60000 £ 60000
§ 'g £ .
8 50000 g 40000 £ 40000
2 3
8 § 20000 g
° 8 20000 -
o 0 0
3 &
o‘q‘ & << Qo“’\
& & )
& & 2 »° o
& & & & o
& < G & &
800 — s
2 . 8009 it . 6000 - ns
K] h 3 i =
£ 600 - i * 2 .
3 § 600 g
£ oo = 2 4000
2 400 2 £
3 £ 400 §
o
[-]
¢ i
£ 200 8 2 2000
g £ 200 Q
& g L
w o o
u &
0~
© & 0-
& & <® ol <@ &
< & ® P o )
& & & & &
< & e

Fig. 2 Scatter plots representing pre- and post- chemotherapy plasma levels of EpCAM+ EVs (a-c), CD45+ EVs (d-f) and double positive
EPCAM+CDA45+ EVs (g-i) in platinum-sensitive (n=17), -resistant (n=6) and -refractory patients (n=5). a-c Pre- and post-chemotherapy

plasma levels of EpCAM+ EVs across patients’ groups. d-f Pre- and post-chemotherapy plasma levels of CD45+ EVs across patients' groups. g-i
Pre- and post-chemotherapy plasma levels of double positive EpCAM+CD45+ EVs across patients’ groups. Results are expressed as mean +/- SD
or median, according to type of variables. Pre: pre-chemotherapy; Post: post chemotherapy; ns: not significant; * p<0.05; **p<0.01

Plasma CD45+ EVs were less abundant in platinum-
sensitive than resistant patients. It may be speculated that
this reflected an ongoing immune cell activation attempt-
ing to counteract tumor growth. Conversely, the scarce
immune response that characterizes the most aggressive
OC tumors may explain the very low CD45+EVs plasma
level observed in refractory tumors [15, 16].

It has been reported that tumor cell carrying both
EpCAM and CD45 on the cell surface and that this
phenotype is less sensitive to platinum-based standard
chemotherapy, thereby pointing to EpCAM+/CD45+EVs
as a valid marker of drug resistance [9]. Consistently
to this observation, we found higher circulating levels
EpCAM+/CD45+ EVs in resistant to refractory HGSOC

patients compared to sensitive patients, supporting the
hypothesis that this EVs phenotype is specific to more
aggressive tumors.

To directly explore how chemotherapy administra-
tion influenced EVs release, we compared the EpCAM+,
CD45+ and EpCAM+/CD45+ EVs plasma levels pre-
chemotherapy and after 21 days from the first cycle of
chemotherapy with carboplatin and taxol. Chemotherapy
increased the plasma level of EpCAM+ and CD45+ EVs
in platinum-sensitive patients. This result was expected,
suggesting an enhanced shedding from tumor cells con-
sistent to a higher susceptibility to platinum-based regi-
men. Indeed, it is well documented that EVs shedding
increases upon exposure to various cell stressors [6].
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On the other hand, migration and infiltration of ovarian
tumor tissue by T-cell is a known mechanism of immu-
nological recognition and response to tumor cells and
correlates with improved overall survival in epithelial
ovarian cancer ([15, 16, 6]. Thus, the increased shed-
ding of CD45+ EVs in platinum-sensitive patients might
be explained by a more intense activation of immune
response against tumor and a more extended tumor infil-
tration by leukocyte, following chemotherapy, which is a
known platinum-induced effect [17].

The assessment of the diagnostic performance of
EpCAM+ and CD45+ EVs levels at diagnosis in plati-
num sensitivity provided promising results. In addi-
tion, assessment of circulating levels at diagnosis of
EpCAM+CD45+ revealed a good diagnostic perfor-
mance of platinum-resistance/refractory.

Conclusions

In conclusions, this pilot study provides preliminary
results pointing to EpCAM+ and CD45+ EVs as possi-
ble predictive marker of platinum-sensitivity in HGSOC.
The main limit of the study is the small population ana-
lyzed. Further research is needed to confirm this prelimi-
nary observation in a larger cohort of patients.
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Supplementary Material 1: Fig. S1. Representative flow cytometry analysis
of pre-chemotherapy plasma levels. (A-C) Representative bivariate R660H
(y-axis) and 585H (x-axis) pseudocolor plots showing the flow cytometry
approach for evaluation of EVs derived from leukocytes and tumour cells
of pre-chemotherapy plasma levels in a platinum-sensitive patient. EVs
staining positively for CD45 were identified as being of leukocyte origin,
whereas EVs staining positively for EpCAM and double positive EpCAM+/
CD45+ were identified as being of tumor origin.In all plots, regions 1, 2
and 3 display CD45+, EpCAM+CD45+ and EpCAM+ events, respectively.
A) Unstained plasma control. B) CD45 (y-axis) and EpCAM (x-axis) antibod-
ies: The counts of CD45+, EpCAM+CD45+ and EpCAM+ events/microL
were computed using the volumetric measurement featured in the flow
cytometer. In this sample, region 1 contained 91,600 events/pL, region 2
contained 5267 events/uL and region 3 contained 104.424 events/uL. C)
Same sample as in B run after incubation with 1% Triton-X-100 to verify
disappearance of positive events.
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