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ARTICLE INFO ABSTRACT

Keywords: Background: Treatment of metastatic clear cell renal carcinoma (mccRCC) has changed dramatically over the past
Clear Ce]? renal carcinoma 20 years, without improvement in the development of biomarkers. Recently, circulating tumor cells (CTCs) have
M_etasltafls I been validated as a prognostic and predictive tool for many solid tumors.

I((:;Cel:i:mg tumor cells Objective: We evaluated CTCs in blood samples obtained from patients diagnosed with mccRCC. Comparisons of

CTC counts, protein expression profiling, and DNA mutants were made in relation to overall survival and
progression-free survival.

Methods: CTCs were isolated from 10 mL blood samples using the ISET® system (Isolation by SizE of Tumor Cells;
Rarecells, France) and counted. Protein expression was evaluated in immunocytochemistry assays. DNA muta-
tions were identified with next generation sequencing (NGS).

Results: Blood samples (10 mL) were collected from 12 patients with mccRCC before the start of first-line systemic
therapy, and again 30 and 60 days after the start of treatment. All 12 patients had CTCs detected at baseline
(median, 1.5 CTCs/mL; range: 0.25-7.75). Patients with CTC counts greater than the median had two or more
metastatic sites and exhibited worse progression-free survival (19.7 months) compared to those with CTC counts
less than the median (31.1 months). Disease progression was observed in 7/12 patients during the study. Five of
these patients had baseline CTC counts greater than the median, one had higher CTC levels at the second blood
collection, and one patient had CTCs present at 1 CTC/mL which positively stained for PD-L1, N-cadherin, VEGF,
and SETD2. CTC DNA from six patients with worse outcomes was subjected to NGS. However, no conclusions
could be made due to the low variant allele frequencies.

Conclusion: Detection of CTCs in patients with mccRCC receiving first-line treatment is a feasible tool with
prognostic potential since increased numbers of CTCs were found to be associated with metastasis and disease
progression.

First line treatment
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1. Introduction

Currently, there are approximately 430 new cases of renal cell car-
cinoma (RCC) diagnosed worldwide each year [1]. In recent years, the
incidence rate for this rare kidney disease has increased, while the
mortality rate has decreased, mainly due to early detection [2,3].
However, RCC is often detected during investigations or screenings
performed for other diseases, since symptoms of early stage RCC are
difficult to detect. When diagnosed as a localized disease, treatment of
RCC is usually successful. In approximately 30% of RCC patients, pro-
gression to metastatic disease occurs [4].

Management of advanced RCC varies from a “watch and wait”
approach to invasive metastasectomy and systemic treatment with
multiple drugs. In order to optimize treatment, appropriate timing and
selection of intervention need to be determined on a case-by-case basis.
When a metastatic stage of disease is considered, a very wide prognostic
spectrum is involved, consistent with the complexity of advanced tumor
biology [5]. Systemic treatment of RCC has achieved overall survival
(0OS) that ranges from 32.53 months to 74.1 months, with
progression-free survival (PFS) ranging from 12.3 months to 23.9
months [6-8].

Ten years ago, single anti-angiogenic drug therapy was administered
for treatment of RCC. More recently, a combination of immune check-
point inhibitors (i.e., nivolumab, ipilimumab) [7] or a combination of
immune checkpoint inhibitors and anti-angiogenic agents (i.e., pem-
brolizumab and axitinib, pembrolizumab and lenvatinib, cabozantinib
with nivolumab) [6,8,9] has become a first-line treatment [10]. In a
molecular study conducted of different tumor types, the immunological
and angiogenic profiles obtained were found to be predictive of treat-
ment response [11]. In another important study, clear cell carcinoma
was classified into seven molecular subtypes based on transcription and
gene alteration profiling [12]. This type of classification had treatment
implications.

Clear cell renal carcinoma (ccRCC) develops in the tubules of the
kidney and is the most common type of RCC. Key differences between
ccRCC and RCC include chromosomal phenotypes and gene mutations
associated with the two diseases. However, to facilitate early detection,
less invasive approaches are needed. For example, research regarding
liquid biopsy, a method with straightforward collection that can detect
circulating tumor cells (CTCs), is of particular interest. Multiple studies
of various advanced tumor types have shown that CTCs can dynamically
indicate tumor burden and treatment response [13-16]. In addition, the
DNA content of CTCs can be examined [17]. In cases of advanced RCC,
identification of CTCs has been shown to be very useful, yet also chal-
lenging since surface expression profiling has revealed different sub-
types of CTCs [18,19]. Characterization of these subtypes has been
achieved with use of both immunocytochemistry (ICC) and gene
expression/mutation analyses [20]. Therefore, the aim of this study was
to evaluate CTC counts and kinetics at various time points before and
during treatment of patients with metastatic ccRCC (mccRCC). Specif-
ically, protein expression profiling by immunocytochemistry (ICC) and
gene analysis studies were performed. These data were then correlated
with patient prognosis according to OS and PFS.

2. Patients and methods

This prospective study was conducted at the Oncology Department of
A.C. Camargo Cancer Center between November 2017 and February
2021 and was approved by the institutional review board (n° 2855/20).
Patients with mccRCC were invited to participate in the study prior to
starting a first-line therapy (i.e., immunotherapy or targeted therapy
with tyrosine kinase inhibitors or mTOR inhibitors). Inclusion criteria
were: histological diagnosis of mccRCC; aged over 18 years (elderly
were also included); first-line treatment prescribed; metastatic disease
confirmed by pathological and/or radiological evaluation; extension of
disease confirmed by clinical examination and imaging; and disease
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measurable by RECIST, version 1.1. Patients who received previous
oncological treatment and those undergoing any type of surgical inter-
vention within the previous two weeks were excluded. All of the
participating patients signed an informed consent.

2.1. Isolation and purification of CTCs

Blood samples were collected at three time points: prior to the start of
first-line therapy (C1), and 30 days (C2) and 60 days (C3) after the start
of therapy. Each blood sample (10 mL) was collected in an EDTA tube
(BD Vacutainer, Franklin Lakes, NJ, USA) and processed within 4 h of
collection. Briefly, each blood sample was diluted 1:10 in erythrocyte
lysis buffer and filtered using the ISET® system (Isolation by SizE of
Tumor Cells; Rarecells Diagnostics, SAS, Paris, France), according to the
manufacturer’s instructions. CTCs isolated on membranes were subse-
quently washed with PBS, dried at room temperature, protected from
light, and stored at — 20 °C until analyzed.

For DNA mutation analysis, DNA was extracted from the CTCs iso-
lated on polycarbonate membranes (ISET), as previously described [17].
Briefly, four spots of ISET membrane were stored in RNAlater Solution
(Thermo Fisher Scientific, Waltham, MA, USA) at — 20 °C for up to a
week. Each membrane spot was cut into small pieces and transferred
into lysis buffer and proteinase K supplied by a QIAamp DNA Micro Kit
(Qiagen, Valencia, CA, USA). Extractions were performed according to
the manufacturer’s protocol.

2.2. ICC reactions performed for protein analysis of CTCs

For ICC and protein expression analysis, a dual color reaction was
performed. Briefly, 6 fixed membrane spots (with 37% formaldehyde
solution) were cut and placed in 24-well plates containing Tris-buffered
saline (TBS). After 20 min, cells were permeabilized with TBS/0.2%
Triton X-100 for 5 min at room temperature. After a wash with TBS, the
membrane spots were incubated in the dark with 3% hydrogen peroxide
solution for 15 min. After another wash with TBS, a primary antibody
was added and incubated for 1 h. For a negative control, cell lines not
expressing the antibodies of interest were stained in parallel.
Conversely, positive controls included tumor cell lines that expressed
the antibodies of interest. Cell lines were selected based on The Human
Protein Atlas (https://www.proteinatlas.org/) (Supp. Table 1). Anti-
bodies recognizing the following proteins were used: SETD2, PD-L1,
CD133, VEGF, BAP, PBRM1 and N-cadherin. Dilutions and antibody
product information are provided in Supplementary Table 1.

Visualization of reaction products was achieved using the Dual Link
System-HRP (Dako™) and the chromogen, diaminobenzidine 3,3' (DAB)
(Dako™). Briefly, after using the DAB, samples were incubated with a
second primary antibody for 1 h. Rabbit/Mouse (LINK) reagent (Kit
Envision™ G/2 System/AP) was added for an additional 20 min. The
samples were then washed with TBS and incubated with AP Enzyme
(Enhancer) for 30 min. Antibody binding was visualized with Permanent
Red. To exclude the possibility of a non-specific reaction, leukocytes
were incubated with an anti-CD45 antibody. This staining also
confirmed that the cells labeled by the antibodies of interest were not
leukocytes [13].

To evaluate phenotype and CTC count, the spots were stained with
hematoxylin for 1 min before being adhered to a slide with aqueous
mounting medium. CTCs were characterized according to the following
criteria: nuclear size equal to or greater than 16 um, nuclear contour
irregularity, presence of visible cytoplasm, and high nucleus-cytoplasm
ratio (> 0.8), as described by [21]. If any of the described criteria were
absent, the cells were classified as atypical. Slides were examined under
an optical Research System Microscope BX61 (Olympus, Tokyo, Japan)
coupled to a digital camera (SC100, Olympus). Number of CTCs per mL
of blood was recorded for each slide.
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2.3. Gene panel sequencing

Next generation sequencing (NGS) was performed for 28 genes
frequently mutated in RCC. The entire coding region was evaluated for
21 of the 28 genes (VHL, PBRM1, BAP1, SETD2, KDM5C, PTEN, TP53,
ARID1A, SMARCA4, PCF11, AR, MET, FAT1, NF2, KDM6A, SMARCBI,
NFE2L2, STAG2, CDKN2A, FH, and FLCN). Only hotspot regions for
mutations were analyzed in the remaining seven genes (MTOR, PIK3CA,
NRAS, BRAF, KRAS, EGFR, and TCEBI).

CTC DNA libraries were constructed from the extracted DNA samples
by using the QIAseq Targeted DNA Custom Panel and the QIAseq 96-
Index I Set A kit (Qiagen), according to the manufacturer’s protocols.
Briefly, 40 ng of genomic DNA was enzymatically fragmented, amplified
with the gene panel, and ligated into barcodes containing unique mo-
lecular indices and identifiers. Sequencing was performed on the Next-
Seq 500 platform (Illumina, San Diego, CA, USA) with use of the Mid
Output 300 cycles kit (Illumina).

The Data Analysis Center Qiagen platform (https://www.qiagen.
com/dk/shop/genes-and-pathways/data-analysis-center-overview
-page/) was used to analyze the data generated with the NextSeq 500
platform (Illumina). Using the Varseq tool (Golden Helix), the variants
identified were annotated according to information available in multiple
public databases: dbSNP, COSMIC, ExAc, ESP, and dbNSFP. Relevant
information included: population allele frequency, presence in tumor
and/or normal tissues, and prediction of functional effect. The param-
eters used for an initial selection of somatic mutations were: minimum
coverage > 100 and mutation allele frequency > 2%. Additional filters
based on the presence of mutations in tumor databases (COSMIC) and
the general population (GnomAd), as well as predicted functional effects
of proteins (Revel), were used to prioritize the variants according to
greatest interest.

2.4. Validation by amplicon sequencing

To validate the changes in expression detected in the sequencing
panel, sequencing of amplicons targeted to the variants detected in each
patient was performed, followed by NGS sequencing (Target Amplicon
NGS). For each variant that was detected, primer pairs from 80 to 170 bp
were designed using the Primer3 tool (http://bioinfo.ut.ee/primer3-0.4.
0) to amplify a specific region of each mutation. For each sample, these
primers were used with the Multiplex PCR Kit (Qiagen). Barcodes were
associated with the results by using the Ion Xpress Plus Fragment Library
Kit (Thermo Fisher Scientific), according to the manufacturer’s in-
structions. The samples were sequenced using the Ion Proton platform
(Thermo Fischer Scientific) and the Ion PI"™ ChipV3 chip.

Target sequencing readings were analyzed using TMAP and TVC
tools for alignment and variant calling, respectively (Thermo Fischer
Scientific). As an evaluation criterion, we considered a minimum
coverage of 5000 sequences, to provide the possibility of detecting with
high reliability above 0.5% mutation. The test samples (DNA isolated
from CTCs) were sequenced in parallel with control DNA samples in
order to evaluate the noise of the sequencing reaction in the detection of
low-frequency variants. The allele frequencies of the reference base and
the altered base in the test sample and in the control sample were
evaluated by visual evaluation of the BAM mapping file using the Inte-
grative Genomics Viewer (IGV) tool. According to the allele frequencies
of the variants (AVF) observed in the case and in the control, we clas-
sified the mutations detected in the DNA CTC samples as: high confi-
dence (allele frequency > 0.5% and > 2 x the noise of the control
reaction); low confidence (allele frequency > 0.5% and < 2 x the con-
trol reaction noise or allelic frequency > 0.05% and > 2 x the control
reaction noise); or negative (allele frequency < 0.5% and < 2 x the noise
of the control reaction).
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2.5. Statistical analysis

Patient characteristics were reported as absolute and relative fre-
quencies for qualitative variables. Kaplan-Meier survival curves were
generated and differences between them were compared according to
log-rank testing. PFS was assessed from the date of first collection of
blood sample to the date of imaging which detected disease progression.
OS was assessed from the date of first collection of blood sample to the
date of death or last follow-up. The level of significance was 5% for all of
the tests performed. All statistics were performed in SPSS version 24.0
(IBM, Armonk, NY, USA), with the significance criterion set at 5%.

3. Results
3.1. Clinical features

Fifteen patients with mccRCC were considered for this study. How-
ever, two patients had a second primary tumor detected and a third
patient was diagnosed with non-ccRCC. Therefore, 12 patients were
examined in this study and their median age was 59.91 y (range:
35.00-84.97). Additional patient characteristics are summarized in
Table 1.

3.2. CTC counts and protein expression

All 12 patients had CTCs detected at baseline (C1; before the start of
treatment) (Fig. 1). The median CTC count at C1 was 1.5 CTCs/mL
(range: 0.25-7.75). At the first follow-up time point (C2; 30 days after
the start of treatment), only 8 patients were evaluated and their median
CTC count was 0.9 CTC/mL (range: 0.25-2.25). At the second follow-up
(C3; 60 days after the start of treatment), five patients were evaluated.
Three had no CTCs detected, one patient had a CTC count of 0.25 CTC/
mL, and the other patient’s CTC count was 1.5 CTC/mL.

At C1, the proteins expressed at the highest levels were SETD2 and
PD-L1, and they were detected in 50% of the patients (6/12). The next
highest levels of expression were detected for CD133 (5/12), VEGF (4/
12), BAP 1 (3/12), PBRM1 (2/12), and NCAD (1/12). At C2, the most
highly expressed proteins included VEGF and HIF, both detected in 2/12
patients (16.7%). Increased expression of CD133, NCAD, PD-L1, and
BAP 1 was detected in another patient (8.3%), while PBRM1 and SETD2
were not detected in any of the patients. At C3, a patient had CTCs at 1.5
CTC/mL that expressed CD133, SETD2, and BAP1 (Table 2).

3.3. CTC counts and clinical outcomes

Due to the small size of the cohort examined, no statistical analysis
could be conducted. However, when we plotted the results obtained, we
observed that all five of the patients with CTC counts > 1.5 CTC/mL had
two or more sites of metastasis (Table 3).

The median PFS for our cohort was 16.15 months (range:
6.64-45.63). Among 12 patients, 7 exhibited disease progression. Pa-
tients with CTC counts higher than the median (> 1.5 CTC/mL)
exhibited poor PFS in relation to those with CTC counts less than the
median. Among the 7 patients exhibiting disease progression, 5 had CTC
counts at C1 that were greater than the median (Table 1). In one patient,
higher CTCs levels were detected at C2, and one patient had a CTC count
of 1 CTC/mL, with cells stained for PD-L1, N-cadherin, VEGF, and
SETD2. When the patients were examined based on kinetics, we
observed that those with CTC counts that diminished from C1 to C2 (i.e.,
favorable kinetics) had a better PFS than those with CTC counts that
increased after baseline (i.e., unfavorable kinetics) (24.76 months vs.
6.65 months, respectively).

The mean OS for our cohort was 52.7 months (range: 11.6-61.0).
Median OS was not reached. Among our 12 patients, two progressed to
death. Patients with CTC counts greater than the median at baseline
exhibited poor OS. A similar observation was made at C1. It was also
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Table 1
CTC levels and clinical characteristics of tumors.
Patient Base  First follow- Second follow- Gender Age T N IMDC ISUP NPY MSY No.treatmentlines  1%line DP
line up up ) scale treatment
(CD (C2) (C3)
1 7.75 0.75 0.25 M 64 1b - 0 3 - + 4 TKI +
2 5.25 1.5 1.5 M 39 4 1 2 - + + 3 10+I0 +
3 4.25 1.0 0.0 M 49 3A 1 1 4 - + 2 10+10 +
4 0.46 0.0 * M 88 1A 1 1 - + + 1 10+10 -
5 0.25 2.25 0.0 M 62 1B - 0 2 + - 3 TKI +
6 4.5 * * M 69 1B - 0 4 + + 4 TKI +
7 2.0 * 0.0 M 68 4 1 3 3 + - 1 TKI -
8 2.25 2.25 * F 69 3a - 1 2 - + 2 10+10 +
9 0.75 0.75 * F 57 3a - 1 4 - - 1 10+I0 -
10 0.5 0.25 * M 74 la - 2 4 - - 2 10+10 -
11 1.0 0.0 * M 63 3a - 2 3 - + 2 10+10 +
12 0.58 0.5 * F 69 1b - 0 - - + 2 TKI -
Median 1.5 0.75 0.35 66
values

Abbreviations: *not collected; -: not determined; M: male; F: female; T: T stage; N: N stage; IMDC: International Metastatic RCC Database Consortium System; ISUP:
International Society of Urological Pathology Scale; NPY: nephrectomy; MSY: metastasectomy; IO= immunotherapy; TKI= tyrosine kinase inhibitors; DP: disease

progression.

Fig. 1. CTC of a patient with advanced renal carcinoma stained with hema-
toxylin, photomicrographed, at 40x magnification, with a light microscope
(Research System Microscope BX61 - Olympus, Tokyo, Japan) coupled to a
digital camera (SC100 - Olympus, Tokyo, Japan). The image was analyzed
using a Research System Microscope BX61 (Olympus, Tokyo, Japan) coupled to
a digital camera (SC100-Olympus). Morphological characteristics of CTCs are
observed: cells with diameter more than 8 pm; hyperchromatic nucleus and
cytoplasm scarcity.

Table 2
CTC levels and protein expression according to collection time point.

observed that the patients with CTCs that expressed PBRM-1 and BAP-1
at baseline exhibited a better OS (median, 12.46 months) than the pa-
tients without this type of CTCs (median, 28.05 months). In contrast,
CTCs expressing PD-L1 and CD133 at baseline (C1) exhibited worse OS
(19.69 months and 29.22 months, respectively; data not shown).

Table 3
CTC levels and metastasis.
Patient C1 C2 C3 >2 Sites of DP
CTC/ CTC/ CTC/ Metastatic metastasis
mL mL mL sites
1 7.75 0.75 0.25 + LN /SP /LU +
/ BO
2 5.25 1.5 1.5 + LN /LI +
3 4.25 1.0 0.0 + LN /LU / BO +
4 0.46 0.0 * - LN -
5 0.25 2.25 0.0 - SP +
6 4.5 * * - LU +
7 2.0 * 0.0 + LN/LU /LI -
8 2.25 2.25 * + SP/LU/ +
CNS
9 0.75 0.75 * - CNS -
10 0.5 0.25 * - SP -
11 1.0 0.0 * - LU +
12 0.58 0.5 * - SP -
Median 1.5 0.75 0.35

Abbreviations: *Not collected; LN: lymph nodes; SP: soft parts; LU: lung; LI:
liver; BO: bones; CNS: central nervous system; DP: disease progression.

CTC/mL Staining of: C1 / C2 / C3 - CTC Samples

Patient Cl Cc2 C3 CD 133 HIF-1 PBRM1 N-CAD PDL1 SETD 2 VEGF BAP1
1 7.75 0.75 0.25 +/+/- -/-/- +/-/- -/-/- +/-/- -/-/- +/+/+ +/-/-
2 5.25 1.5 1.5 +/-/+ -/-/- -/-/- -/-/- -/-/- +/-/+ -/-/- -/-/+
3 4.25 1.0 0 +/-/- -/-/- -/-/- -/-/- -/-/- +/-/- -/-/- -/-/-
4 0.46 0.0 * +/RE AV -/ AV +/ R +/ R AVA AA
5 0.25 2.25 0 -/-/- -/-/- -/-/- -/-/- +/-/- -/-/- -/ +/+ -/-/-
6 4.5 * * -/ R -/ R/ -/ AV A A AV A A +/E/
7 2.0 * 0 AVE -/ +/%/- -/ - +/*/- +/*/- -/ AA
8 2.25 2.25 * -/-/F -/ -/ -/-/F +/-/% +/-/% +/-/% -/
9 0.75 0.75 * -/ -/ -/ F -/ -/ -/ -/ +/-/*
10 0.5 0.25 * -/ -/ -/ F -/ -/ -/ -/ -/
11 1.0 0.0 * AV A LA -/ +/*/F +/*/F +/*/F +/%/* AA
12 0.58 0.5 * +/-/% -/ -/ -/ -/ -/-/F +/-/% -/-/F
Median 1.5 0.75 0.35

Abbreviations: *Not collected; + : positive staining; -: negative staining; N-CAD: N-cadherin
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3.4. Analysis of mutations identified in CTC DNA

CTC DNA from six patients was sequenced. With two CTC samples
analyzed per patient, the average coverage of the samples was 3009
times, with 95% of the panel bases covered over 900 x . Only two of the
six patients had rare variants (frequency <1% in the GnomAd database)
detected. Seven of these nine variants were confirmed to be germline
alterations based on amplicon sequencing in leukocyte DNA. A variant
with 6% variable allele frequency (VAF) (PBRM1) detected in patient
number 1/collection 1 was not confirmed in the validation of amplicons
in the CTC DNA samples. The origin of the other variant could not be
determined due to an absence of germline DNA.

For patient number 2, prior sequencing of the primary tumor had
been performed that detected somatic mutations in VHL, PBRM1, and
KDM5C. These mutations were also detected in the amplicon sequencing
performed in the present study. Furthermore, the VHL change for patient
2 was evaluated. It was detected with low confidence in the CTC sample
from collection 2 (VAF = 1.9%) and was not detected in the CTC sample
from collection 1.

4. Discussion

In the present study, collection of CTCs was feasible and compatible
with first-line systemic treatment for patients with mccRCC. The former
advantage also facilitated monitoring of CTC dynamics at various time
points. The use of an isolation technique based on membrane exclusion
according to size allows cells to be captured independent of their cell
surface expression profile. This is important for cells with epithelial-to-
mesenchymal transitional features and a lack of epithelial cell adhesion
molecule (EpCAM) expression. The shortcomings of EpCAM-based
enrichment methodologies have previously been described [22,23].
Another advantage of using a size exclusion method is that circulating
rare cells which can include circulating stem cells and non-tumor cells of
epithelial and/or endothelial origin [20] can be isolated. However, the
ability to isolate CTCs from other cell types remains an ongoing
challenge.

Baseline CTC count has been shown to be a prognostic tool for a
number of solid advanced tumors [24-30], including RCC where it has
been shown to reflect tumor burden [31]. For example, in cases of
localized disease that were treated with curative intent, an increase in
CTCs at follow-up was found to correlate with worse prognosis [10,32].
Number of CTCs at baseline also appeared to correlate with prognosis in
the present study. For five of the twelve patients with CTC levels above
the median (> 1.5 CTCs/mL), they had two or more metastasis sites
detected and a markedly lower median PFS than those with CTC counts
less than the median (19.7 months versus 31.1 months, respectively).
This observation is consistent with the results of previous studies [31,
33]. OS was also worse for the patients with higher CTCs counts.

We observed that both number of CTCs and their kinetics during
treatment were predicting factors of outcome, consistent with the results
of other studies [18,31,34]. Specifically, patients that exhibited a
decrease in CTC counts after two months of systemic treatment had a
> 4-fold increase in PFS compared with the patients exhibiting unfa-
vorable kinetics (24.76 months versus 6.65 months, respectively).

In our small cohort, patients with CTCs expressing PD-L1 exhibited
poor OS compared with patients without CTCs expressing PD-L1 (9.77
months vs. 14.3 months, respectively). The same conclusion was ob-
tained in a meta-analysis that included twenty studies and reported a
pooled hazard ratio for OS among patients with CTCs expressing PD-L1
of 1.85 months (p =.001) [35]. Additionally, PFS was 1.50 months
(p =.007) [35]. It is well-known that PD-L1 expression by primary tu-
mors represents a prognostic indicator [36,37]. Thus, it is possible that
PD-L1 expression by CTCs may reflect the same aggressive phenotype of
primary tumors expressing PD-L1. It was further observed that patients
in the present study with CTCs expressing CD133 exhibited a worse
outcome compared with the patients with CD133-negative CTCs.
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Similarly, in a study conducted by Nel and colleagues, both CD133 and
NCAD expression in CTCs correlated with inferior PFS [20]. Since
CD133 is an indicator of stem-cell like features, and possibly of drug
resistance, this may account for the poorer performance observed for the
patients with CD133-positive CTCs in the present study.

Genes that encode histone/chromatin regulators, such as BAP1,
SETD2, and PBRM1, play important roles in carcinogenesis and in the
phenotype of ccRCC [38,39]. Mutations in these genes can lead to low
expression of these biomarkers and indicate lower PFS and OS. In the
present cohort, expression of BAP-1 and PBRM-1 appears to be related to
improved outcome. We further examined this issue by evaluating the
mutations identified from NGS performed for six of the patients in our
cohort. However, no solid conclusion could be made based on the low
VAF of the data. Intratumoral heterogeneity is also an important
consideration when evaluating genomic profiling of ccRCC cases.
Correspondingly, heterogeneity has been reflected in exome sequencing
of CTCs [40].

5. Conclusion

Treatment of metastatic ccRCC has changed dramatically over the
past 20 years. In order to optimize patient treatment and OS, evaluation
and prediction of possible treatment responses needs to be considered
when selecting an appropriate treatment strategy. Liquid biopsy has the
potential to serve as an important predictive and prognostic tool for
ccRCC, although few studies have directly applied it to ccRCC. In the
present study, a high frequency of CTCs was identified prior to the start
of first-line treatment in patients with mccRCC. Furthermore, a possible
association between number of CTCs at baseline and patient outcome
was observed. With use of the ISET method for CTC collection, exami-
nation of CTC kinetics during treatment may also indicate whether
treatment strategies need to be modified. Additional studies of possible
protein- or genomic-based biomarkers to classify renal cell populations
and patterns could further optimize treatment. The preliminary findings
we report here demonstrate the value of this approach, its feasibility,
and the need for further study of this prognostic approach.
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