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Abstract

Background: Approximately 70%-80% of kidney cancers are clear cell renal cell carcinomas (CCRCCs). Patient management
is based on imaging (abdominal ultrasound and computerized tomography), surgical excision of the tumor, and pathological
analysis. A tissue biopsy is therefore necessary to confirm the diagnosis and avoid unnecessary nephrectomy. For metastatic
cancers, atissue biopsy is essential for establishing the targeted therapy. This biopsy of tumor material is invasive and painful.
Other techniques such as liquid biopsy would help reduce the need for tissue biopsy. The development of asimple biological test
for diagnosis is essential. CA9 is a powerful marker for the diagnosis of CCRCC. Exosomes have become a major source of
liquid biopsy because they carry tumor proteins, RNA, and lipids. Urine is the most convenient biological liquid for exosome
sampling.

Objective: The aim of this study (PEP-C study) is mainly to determine whether it is possible to detect urinary exosoma CA9
for the molecular diagnosis of CCRCC.

Methods: This study will include 60 patients with CCRCC and 40 noncancer patients. Exosomes will be isolated from urine
samples and exosoma CA9 will be detected by transmission electron microscopy, flow cytometry, and reverse
transcription-quantitative polymerase chain reaction.

Results: Thisstudy is currently underway with funding support from the CHU Saint-Etienne of France.

Conclusions: We expect to demonstrate that urinary tumor exosomes could be a nove liquid biopsy to diagnose CCRCC and
to guide clinicians in treatment decision-making.

Trial Registration: Clinical Trials.gov NCT04053855; https:.//clinicaltrials.gov/ct2/show/NCT04053855
International Registered Report Identifier (IRRID): DERR1-10.2196/24423
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Introduction

Renal cell carcinomas are serious and common cancers [1].
Approximately 70%-80% of kidney cancersare clear cell rena
cell carcinomas (CCRCCs). Patient management is based on
imaging (abdominal ultrasound and scanner), surgical excision
of thetumor, and pathological analysis. Approximately one-third
of patients with CCRCC have alocally advanced or metastatic
tumor at thetime of diagnosisand nearly 30% of treated patients
will develop secondary metastases [1]. Recent advances in
imaging techniques have increased the detection of kidney
tumors; however, not all tumors are cancerous, with 10%-15%
of all kidney tumors being benign and 20%-30% of tumors
smaller than 4 cm being benign [2]. A tissue biopsy istherefore
necessary to confirm the diagnosis and avoid unnecessary
nephrectomy. For metastatic cancers, tissue biopsy is aso
essential for establishing the targeted therapy. This biopsy of
tumor material is invasive and painful. Alternative techniques
such asliquid biopsy would hel p reduce the rate of tissue biopsy.
Therefore, development of asimplebiological test for diagnosis
is essential.

The notion of liquid biopsy has been mentioned in recent
publications [3]. Liquid biopsies are based on the detection of
cancerous biomarkers in body fluids, mostly in the blood, but
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can alsoincludethe urine, saliva, or other fluid. Liquid biopsies
are preferable to tissue biopsies because they are less invasive.

Exosomes are small nanoparticles that are secreted into the
extracellular medium by different cell types[4,5]. We propose
detecting urinary exosomesfrom patientswith CCRCC. A urine
sample would be preferable to a blood sample because of the
anatomical proximity of the urine to the kidney tumor.
Moreover, urine is the ssmplest biofluid that can be obtained.
We and others have found that urine is an important target for
the exploration of markers for rena diseases [6]. The tumor
exosomes from CCRCC in the urine are particularly abundant
because of the location of the tumor directly in contact with the
urine. Our hypothesis is that tumor exosomes present in the
urine of patients with CCRCC could be detected. Our amisto
develop areliabletechniquefor the detection of tumor exosomes
intheurine of patientswith CCRCC to exploretheir usefulness
asaliquid biopsy of CCRCC.

Methods

Study Design

This is a descriptive study (PEP-C study). The investigators
will provide eligible patients with an informative notice on the
PEP-C study. Upon a patient providing written consent, 100 ml
of urine will be collected in a sterile tube for each exosomal
analysis. The study design isoutlined in Figure 1.

Figure 1. Outline of study. RT-qPCR: reverse transcription-quantitative polymerase chain reaction
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Study Population

There is no available publication in the literature to calculate
the number of subjects required for this type of study. Thirty
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patients receive surgery for removal of CCRCC in our
department per year. Therefore, we propose to study 60 patients
over 2 years. In addition, 20 control patients without cancer in
our department are expected per year. Therefore, we propose
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studying 40 controls over 2 years. Eligibility criteriafor cancer
patients and controls are listed in Textbox 1. The age of the

Textbox 1. Inclusion and exclusion criteria of participants.
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control group will be determined in agreement with the average
age of occurrence of the CCRCC patientsincluded in the study.

Inclusion criteria for patients

o Adult patient >18 yearsold

«  Patients having accepted and signed the consent form

«  Patients benefitting from social security

Inclusion criteriafor controls

o Adult patient >18 years old

« Patient having accepted and signed the consent form

«  Patients benefitting from social security

Exclusion criteria
« Insufficient volume of urine sample
«  Patientswith aurinary catheter

«  Patients under court-ordered guardianship or curatorship

« All patients with arenal mass and scheduled for surgery (partia or total nephrectomy)

«  Patients hospitalized in the urology department without a known cancer

Study Objectives and Endpoints

Since CD63, CD9, and CD81 are the common markers for
exosomes, we will test these three markersfor detecting urinary
exosomes. CA9 and vascular endothelial growth factor receptor
2 (VEGFR?2) are two markers for CCRCC, which are used as
markers for tumor exosomes.

The primary objective of thisstudy isto detect urinary exosomes
from CCRCC using an exosome marker (CD63) and CCRCC
marker (CA9).

The secondary objectives are to assess (1) agreement between
identification of CD63+/CA9+ tumor exosomes and patient
status (clear cell kidney cancer), (2) agreement between the
identification of CD9+/CD63+/CD81+/CA9+ tumor exosomes
and patient status (clear cell kidney cancer), and (3) agreement
between theidentification of CD63+/V EGFR2+ tumor exosomes
and patient status (clear cell kidney cancer).

The primary endpoint of the study is to characterize patients
for whom CD63+ and CA9+ exosomes are detected. The
secondary endpoints are as follows. (1) percentage of
CD63+/CA9+ exosomes in patients with CCRCC compared
with that of controls, (2) percentage of
CD9+/CD63+/CD81+/CA 9+ exosomesin patientswith CCRCC
compared with that of controls, and (3) percentage of
CD63+/VGEFR2+ exosomesin patientswith CCRCC compared
with that of controls.

Sample Analysis

Exosomeswill beisolated using awell-established commercial
kit and will be characterized using exosome markers. Thetumor
markerswill be analyzed by transmission el ectronic microscopy,
reverse transcription-quantitative polymerase chain reaction
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(RT-gPCR), and flow cytometry. Transmission electronic
microscopy istypically used to characterize exosomal markers.
RT-gPCR is a well-established tool for detecting gene
expression and isfrequently used in exosome analysis. However,
conventional flow cytometry may beinconvenient for exosome
analysis given the small size of exosomes. Therefore, we will
use aldehyde/sulfate latex beads to capture the exosome. This
technique was recently proposed to advance conventional flow
cytometry as a suitable tool for analyzing exosomal markers

[7].
Data Collection

Datacollected during the study will be recorded on a case report
form for patients and control subjects. On theinitial visit, age,
sex, and medical history will be noted. For patients, date of
disease diagnosis, surgical procedures, and pathological results
will be noted.

Sample Size and Statistical Analysis

A selected group of 60 patientswith renal cancer and 40 control
subjects will be included in the study (Figure 1). The aim of
this project is to evaluate the feasibility of detecting tumor
exosomes as a liquid biopsy for CCRCC. We assume a 90%
assay feasihility rate, 5% unilateral o, 90% power, and 10%
patient withdrawal before the initial assay. According to the
one-step Fleming design, 60 patients are required. The assays
of the 60 patients will be compared with those of controls to
evauate if the tumor exosomes could be cancer markers.

The diagnostic performance of tumor exosomes will be
evaluated by receiver operating characteristic curves. The area
under the curve will be determined with its 95% CI. Analyses
will be performed using SAS 9.4.
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Patient and Public I nvolvement

The ethics committee examined theinformation notice that will
be given to participants of thisproject. Thisconsultation hel ped
toimprove the patient information notice on thedesignand aim
of the study so that the participantswill clearly understand and
decide whether to participate in this study, in agreement with
the principle of informed consent.

Results

Thisstudy is currently underway with funding support from the
CHU Saint-Etienne of France. Recruitment of all patients will
be completed in 2 years. The results of the study will then be
communicated via presentations and publications.

Discussion

Research on liquid biopsy has become ahot topic. Liquid biopsy
allows for the detection of tumor markers in bodily fluids for
the management of cancer patients. Compared with tissue
biopsy, liquid biopsy is noninvasive. Liquid biopsy usually
utilizes circulating tumor cells, cell-free DNA, and exosomes.
Compared with circulating tumor cells and cell-free DNA, the
use of exosomesis relatively more recent, but has shown rapid
development. Exosomes carry tumor markers such as nucleic
acids, proteins, and lipids, including mRNAS, microRNAs, and
signaling molecules that reflect the physiological and
pathological condition of the cells of origin [4]. The bilayer
lipid membrane of the exosome considerably improves the
stability of the internal components; exosomes are therefore a
rich source of biomarkers. Exosomes have recently been the
subject of research into biomarkers, which hold great promise
for cancers[7]. Significant advancesin exosome research have
been made in body fluids such as saliva, serum, urine, and
amniotic fluid [5]. Blood is particularly interesting as a source
of liquid biopsy since it contains cancer-specific markers in
extracellular vesicles. Currently, most of the research in this
field focuses on blood exosomes. Urinary exosomes are also
an excellent resource for biomarkers and a promising
noninvasive diagnostic instrument for kidney disease [8-11].
Moreover, urine isthe easiest available bodily fluid.

Our previous study demonstrated that CA9 isapowerful marker
for the diagnosis of CCRCC [12]. Exosomes from the rena
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tumor could be discharged into the urine since urineisin close
contact with the tumor. Thus, we suggest that urinary exosomal
CA9 could be used asabiomarker inthe diagnosis of CCRCCs.
For this purpose, we have designed apil ot study, named PEP-C,
to demonstrate whether it is possible to detect exosomal CA9
in the urine of patients with CCRCC. We expect that exosomal
CA9 will be detectable in the urine of patients suffering from
CCRCCswhen compared with that of control subjects. A cutoff
corresponding to cancer detection will be determined. Moreover,
we will test urinary exosomal VEGFR2 expression since
VEGFR2 was found to be highly expressed in CCRCCs [13].
The exosome markers CD9, CD63, and CD81 will aso be
analyzed as references. These markers will be assessed using
transmission electron microscopy, flow cytometry, and
RT-gPCR techniques [14,15]. Our aim is to develop a liquid
biopsy assay for the diagnosis of CCRCC. In the future, we
hope to demonstrate that urinary exosomes could be a powerful
tool to diagnose cancer and to guide clinicians in therapeutic
decision-making.

Several techniques for the isolation of urinary exosomes have
been proposed, which can be classified according to the
biochemical principle of purification: ultracentrifugation,
filtration, immunocapture, or precipitation [16,17].
Ultracentrifugation isolation is the standard technique for
obtaining exosomes. However, ultracentrifuges are not routinely
available in clinical laboratories and this method requires a
relatively long preparation time. Manufacturers have devel oped
reagents for isolating exosomes from large volumes of urine,
such as ExoQuick-TC (System Biosciences). This type of
process makes clinical application possible. In preliminary tests
for this project, we observed the urinary exosomes by
transmission electron microscopy (Figure 2). Typical cup-shaped
exosomes were observed. The size and the morphol ogy are two
important indicators for defining the urinary exosomes. Our
preliminary results showed that urinary exosomeswere abundant
from cancer patients. Research on liquid biopsies using urine
for CCRCC is very new. To our knowledge, there is almost no
publication in this area. In contrast, prostate cancer—specific
genes have been detected in urinary exosomes, constituting a
new liquid biopsy tool to diagnose high-risk prostate cancer
[18,19]. This technique of urine liquid biopsy was devel oped
exclusively for prostate cancer and no such diagnostic method
isavailable for CCRCC at present.
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Figure 2. Transmission electron microscopy observation of urinary exosomes.

In conclusion, thiswill bethefirst study to evaluatethetechnical  potential of liquid biopsy through urinary exosomes in the
feasibility of detecting urinary exosomal CA9 in CCRCC diagnosisof CCRCC. Therefore, if thispilot study is successful,
patients. The results of this study might highlight the strong amulticenter study will be envisaged.
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