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Clinical implications of liquid biopsies in urogenital tumors: a
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Background and Objective: Liquid biopsy is a minimally invasive method for cancer management,
with diagnostic, prognostic and predictive applications, which can overcome some of the limitations of tissue
biopsy. The aim of this review is to present the available literature on the clinical implications of liquid
biopsy use in urogenital tumors, specifically in prostate cancers (PCs) and bladder cancers (BCs).

Methods: We searched PubMed and MEDLINE up to November 2, 2021 with no language restrictions.
Key Content and Findings: The use of liquid biopsy in localized or metastatic hormone sensitive PC
(mHSPC) is limited, given the low yield of detection. In contrast, the utility of liquid biopsy in metastatic
castrate resistant PC (mCRPC) is more widely studied, with biomarkers such as circulating tumor cells
(CTCs) and androgen receptor (AR) splice variant 7 (AR-V7) playing prognostic and predictive roles, and
homologous recombination repair genes guiding therapy. Standardization of these assays and validation of
their benefits in guiding clinical decisions are still needed. Liquid biopsy is approved for the diagnosis and
monitoring of BC, but additional evidence is required on its therapeutic role, in patient selection for adjuvant
and targeted therapy.

Conclusions: Liquid biopsy technics have a promising role in guiding the diagnosis, prognosis and
management of prostate and bladder tumors, as compared to traditional tissue biopsy. However, they still

need to be standardized and validated in larger prospective trials.
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Introduction biology and predicted response (2). Liquid biopsy is a
minimally invasive method that detects tumor biomarkers
in different types of body fluids (blood, urine, sputum,

saliva, cerebrospinal fluid, pleural effusion, etc.). Although

The current trends in cancer management are moving
toward precision medicine and personalized therapy.

Advances in this regard are being made on several fronts its processing may be more technologically complex and it

in oncology, from screening and early detection, to
diagnosis, prognostication, treatment selection, response
monitoring and detection of recurrence (1). Precision and
personalized medicine aims to provide an individualized

approach to treatment, tailored according to disease
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has a shorter half-life that traditional biopsy, liquid biopsy
is associated with fewer complications than tissue biopsies
and is easier to sample which allows for more frequent
real-time monitoring of disease evolution at different time
points (1). Because the test detects circulating biomarkers,
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ltems Specification

Date of search
Databases and other sources searched

Search terms used

“Liquid biopsy”, “circulating tumor cells”, “exosomes”,

November 2, 2021
PubMed, MEDLINE, individual articles screening

” ” o« ” o«

urogenital neoplasms”,

“bladder neoplasms” and “prostate neoplasms”

Timeframe

Inclusion and exclusion criteria

Up to November 2, 2021

Review articles, observational, correlative and randomized studies were

included. No language restriction

Selection process

Two of the authors independently conducted the literature search to select

articles discussing the clinical application of liquid biopsy in PC and BC

PC, prostate cancer; BC, bladder cancer.

it allows a better representation of inter and intra-tumor
heterogeneity, which are contributors to treatment failure
(3,4). Furthermore, liquid biopsies may be less costly
and require a shorter processing time compared to tissue
biopsies (4).

Urogenital malignancies are among the areas where the
utility of liquid biopsy is being explored and evidence is
emerging on its application in the diagnosis, prognosis and
disease response monitoring in these types of tumors. In
this review, we present an update on the available literature
pertaining to the clinical utility of liquid biopsy in urogenital
tumors, in particular bladder cancer (BC) and prostate cancer
(PC), which are commonly encountered malignancies. We
present the following article in accordance with the Narrative
Review reporting checklist (available at https://pcm.
amegroups.com/article/view/10.21037/pcm-22-1/rc).

Methods

We searched the online databases PubMed and MEDLINE
up to November 2, 2021, using the following Medical
Subject Headings (MeSH) terms: “liquid biopsy”,
“circulating tumor cells”, “exosomes”, “urogenital
neoplasms”, “bladder neoplasms” and “prostate neoplasms”.
There were no restrictions to language, and individual
articles were screened to retrieve relevant studies. Articles
discussing the clinical application of liquid biopsy in PC
and BC detection, response to treatment, and prognosis
were included. We excluded articles discussing preclinical
testing of liquid biopsy technics. Tables 1,2 summarize the
search strategy, and Figure 1 summarizes the literature
search results.
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Overview of liquid biopsy technics

Liquid biopsy encompasses several modalities, including
circulating tumor cells (CTCs), cell-free circulating
nucleic acids [circulating tumor DNA (ctDNA) or RNA],
microvesicles, exosomes and tumor-educated platelets. Most
of the studies that evaluated liquid biopsy in PCs and BCs
employed CTC enumeration and phenotyping, cell free
DNA (cfDNA) profiling and exosomal RNA.

CTCs are cells that detach from the primary tumor
site or metastasis site and reach the blood (5). To survive
in bloodstream, CTCs lose their epithelial characteristics
and acquire a mesenchymal phenotype in a process termed
epithelial-mesenchymal transition (EMT). EMT eases the
metastatic spread of tumor cells and allows them to escape
apoptosis, cell senescence and immune system (4,6).

Multiple technics for CTC detection and enumeration
exist. CellSearch is the only FDA approved CTC detection
method. Magnetic beads coated with ant-epithelial cell adhesion
molecule (EpCAM) antbodies capture CTCs, which are further
characterized based on morphology and staining [4',6-diamidino-
2-phenylindole (DAPI)-positive nucleus, cytokeratin positive
cytoplasm and CD45 negative] (7). The CTC count is
expressed as the number of cells meeting these criteria
per 7.5 mL of blood, which implies a relatively low
sensitivity owing to the small amount of blood used (8).
Only viable cells are counted in this technic and cellular
fragments, anucleated cells and necrotic cells are excluded
by the definition criteria for CTC using CellSearch (9).
CellCollector overcomes the low sensitivity limitation
by isolating CTCs in vivo in a larger blood volume,
using a sterile wire with a functional tip coated with anti-
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Iltems Specification

Date of search
Databases and other sources searched

Search terms used

MEDLINE

November 2, 2021

(“Liquid Biopsy/” OR “Exosomes/” OR “Circulating Tumor DNA/” OR

“Neoplastic Cells, Circulating/”) AND (“Urogenital Neoplasms/” OR “Prostatic
Neoplasms/” OR “Urinary Bladder Neoplasms/”)

Timeframe

Inclusion and exclusion criteria

1946 to November 2, 2021

Review articles, observational, correlative and randomized studies were

included. No language restriction

Selection process

Two of the authors independently conducted the literature search to select

articles discussing the clinical application of liquid biopsy in PC and BC

PC, prostate cancer; BC, bladder cancer.

Entries identified through PubMed and
MEDLINE (n=724)

»| Duplicate entries removed (n=298)

Y

Remaining records screened
(title/abstract) (n=426)

Studies excluded (comments,
unrelated to topic) (n=304)

Y
Studies included (n=122)

Figure 1 Literature search diagram.

EpCAM antibodies, inserted into the patients’ cubital vein.
The EPithelial Immuno SPOT (EPISPOT) assay, can
differentiate between viable and apoptotic CTCs, unlike the
other two previously mentioned tests. EPISPOT detects
proteins released or expressed by epithelial cancer cells,
which are in turn captured on a membrane coated with
antibodies against these proteins and detected by secondary
labeled antibodies (10). It is important to note that studies
should be interpreted in the light of the CTC enumeration
method they utilized, for example EpCAM-dependent
methods might fail to identify cells that have undergone
EMT, which tend to be more aggressive (11).

Circulating ¢fDNA is released into the bloodstream
from cells undergoing apoptosis or necrosis or actively from
living cells through extracellular vesicles (4). Not all cfDNA

originates from cancer cells and can be derived from blood
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cells or others (5). CtDNA is the portion of cfDNA that
is derived from tumor cells. Highly sensitive technics such
as droplet digital polymerase chain reaction (ddPCR) and
next-generation sequencing (NGS) are required to identify
ctDNA by specific genetic alterations within total cfDNA,
which allows real time profiling of tumors (11). Figure 2
illustrates CT'C and ctDNA technics in liquid biopsy.

Exosomes are membrane-bound vesicles of 30-150 nm
produced and secreted from cells into the extracellular
space (12). They are implicated in several physiological and
pathological processes (13). Exosomes play a significant role
in organizing intercellular communication by transferring
cargo between cells. Moreover, these nanoparticles
are proven to be widely involved in oncogenesis and
cancer progression (14). All exosomes are composed of
specific proteins, lipids, messenger RNAs (mnRNAs), and
microRNAs (miRNAs) (15). Their abundance in body
fluids turned them into a source of several potential cancer
biomarkers (16). Thus, over the past years, exosomes have
become a primary source for liquid biopsy, and their role
in cancer care have been studied in multiple malignancies,
including prostate and bladder neoplasms (16-18).

Liquid biopsy in PC

PC is the most common malignancy in males, with around
248,530 new cases yearly, and fifth leading cause of
cancer death worldwide (5). The prognosis and treatment
modalities depend on the stage of disease, from localized
to metastatic, and serum testosterone that defines non-
castrate or castrate state (8). The diagnosis is established by
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Figure 2 Liquid biopsy technics. CTC, circulating tumor cell; ctDNA, circulating tumor DNA; RT-qPCR, reverse transcription

quantitative polymerase chain reaction; EpCAM, epithelial cell adhesion molecule.

histopathologic examination of biopsy tissues, and prognosis
relies on the biopsy Gleason score and prostate specific
antigen (PSA) level. Genetic biomarker tests performed on
tissue biopsies have been developed to stratify the risk of
patients. For example, Oncotype DX detects the expression
of 12 genes that play a role in tumorigenesis by reverse
transcription PCR (RT-PCR) assay. The combination of
results is used to calculate the Genomic Prostatic Score,
which predicts unfavorable PC pathology (19). Another
genomic test is Prolaris, which measures the expression of
46 genes that correlate with PC progression (20).

Current detection tools for PC have their disadvantages.
Digital rectal exam can be limited by low compliance and
dependency on the examiner’s expertise, and usually allows
the detection of advanced stage disease. PSA is a protease
secreted by prostate cells, and thus is not specific to cancer
and can be elevated in other benign causes such as benign
prostate hypertrophy (BPH), infection or infarction (5). For
example, less than one third of patients with elevated PSA or
abnormal digital rectal examination (DRE) turn out to have
PC on transrectal ultrasound-guided biopsy (21). In another
study, 40% to 50% of patients with high PSA had a biopsy-
proven PC (5). Therefore, an alternative method with a
better diagnostic capacity is needed. The clinical applications
of liquid biopsy in metastatic castrate resistant PC (mCRPC)
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and in localized PC (LPC) and metastatic hormone sensitive
PC (mHSPC) are summarized in Tibles 3,4.

Role of liquid biopsy as PC detection tool

CfDNA was found to be elevated in patients with PC
compared to those with PBH or healthy controls in
different studies, with a sensitivity of 80% and a specificity
of 82%, making it a diagnostic marker (1).

The methylation pattern of several genes in cfDNA
found in urine or blood samples can detect early PC (5).
Although some epigenetic alterations detected in circulating
cfDNA such as methylated glutathione S-transferase pi 1
(GSTP1me) have high specificity for PC, multigene
panels have been shown to improve the sensitivity of
these tests. Ellinger ez #/. demonstrated that using a gene
panel increased the sensitivity of diagnosing PC to 47%,
compared to 42% by testing GSPT1me alone (58). In
another study, a panel including GSTPIme and methylated
RAS association domain family 1A (RASSFI1Ame) had a
71% positive predictive value (PPV) and 59.6% negative
predictive value (NPV) for cancer detection in a population
of biopsy proven PC patients. These values increased when
serum PSA was also taken into account, to reach a PPV of
81% and NPV of 66% (22).
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Table 4 Clinical application of liquid biopsy in LPC and mHSPC
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Study Clinical

application

Technics used

Population (N)

Objectives

Results

Patients with HSPC

Goodman

etal. (48) treatment
selection

Josefsson Prognosis

et al. (49)

Yang Prognosis/

etal. (50) treatment
response

Patients with LPC

Thalgott Prognosis
etal. (51)

Meyer Prognosis
et al. (52)

Loh Prognosis
et al. (53)

Davis Prognosis
et al. (54)

Aragon- Prognosis
Ching

et al. (55)

Todenhoéfer Prognosis
et al. (56)

Friedlander Prognosis
etal. (57)

Prognostic/ CTC enumeration in

blood using CellSearch

CTC detection with
AdnaGen Prostate
Cancer Detect/Select
kit. AR-V7 mRNA
detection with gqRT-PCR
CTC enumeration using
Can Patrol technic

(detects markers of
EMT)

CTC detection in blood
using CellSearch

CTC detection in blood
using CellSearch

CTC detection in blood
using CellSearch

CTC detection in blood
using CellSearch

CTC detection in blood
using CellSearch

Antigen-independent
enrichment of CTC
using microfluidic
platform

CTC enumeration using
Epic Sciences system

33 patients with
HSPC receiving
ADT

36 patients with
mHSPC

108 patients
with mHSPC

15 patients with
LAPC and 15
healthy controls

152 patients
with LPC

36 patients with
high-risk non-
metastatic PC

97 patients
with LPC and
25 controls
with high PSA
but no cancer
detected

36 patients
post primary
treatment with
prostatectomy
or radiation

50 patients with
LPC

37 patients with
high risk LPC

Clinical utility of CTC
enumeration in HSPC

Prognostic role of genes
associated with development of

CRPC

Determination of markers
predictive of response to ADT in
patients with newly diagnosed

mHSPC

Prognostic value of CTC in
detecting BCR in patients with
LAPC undergoing neoadjuvant
chemo-hormonal therapy and

radical prostatectomy

Prognostic value of CTC
detection in LPC before radical

prostatectomy

Baseline CTC count independent
predictive marker for progression to
CRPC

AR-V7 detection independent
prognostic marker for cancer
specific survival

Shorter time to CRPC in patients
with mesenchymal phenotype
CTCs compared to those with non-
mesenchymal phenotype CTCs or
negative CTCs

Stochastic CTC detection and no
correlation with clinic-pathological
characteristics. It could predict
BCR (not statistically significant)

Low CTC detection rate (11%) and
no significant correlation with BCR,
PSA or disease characteristics

Determination of the rate of CTC No correlation between CTC

detection in patients with high

risk LPC

Evaluation of CTC detection
correlation with tumor volume,
pathological stage and Gleason
score in patients with LPC

CTC measurability in patients
with BCR and its predictive
ability of PSA increase and PSA

doubling times

Evaluation of CTC detection in
patients with LPC by microfluid

platform

Prognostic role of CTC in high

risk LPC

detection and known prognostic
factors (PSA, Gleason score,
T-stage and age)

Low CTC count and comparable to
patients with no cancer diagnosis.
No correlation between CTC count
and other prognostic factors

Infrequent presence of CTCs in
patients presenting with BCR, but
increased suspicion for metastasis
with CTC detection

CTC detection in 50% of patients,
but no correlation with PSA,
cancer stage, lymph node stage or
Gleason score

Shorter recurrence time in patients
with detectable CTCs (not
statistically significant). Positive
CTC count in all patients with BCR

LPC, localized prostate cancer; mHSPC, metastatic hormone sensitive prostate cancer; CTC, circulating tumor cell; CRPC, castration-
resistant prostate cancer; AR-V7, androgen receptor splice variant 7; mRNA, messenger RNA; gRT-PCR, quantitative reverse transcription
polymerase chain reaction; EMT, epithelial-mesenchymal transition; ADT, androgen deprivation therapy; LAPC, locally advanced prostate
cancer; PC, prostate cancer; PSA, prostate specific antigen; BCR, biochemical recurrence.
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unfavorable count after treatment had a poor prognosis (OS:
9.3 months), but the number of participants in this group was
small (25). Reanalysis of the data from this study showed that
baseline lactate dehydrogenase (LDH) and CTC evaluated as
a continuous variable were independent prognostic factors of
OS, unlike changes in PSA titers (26).

Another important consideration is that prior to first line
therapy, only 25% of patients present with CTC number
>5 cells per 7.5 mL. Therefore, more research is needed to
identify a lower threshold, more suitable for establishing
prognosis (5).

DNA and RNA profiling also has a prognostic role in
metastatic PC. Huang ez 4/. sequenced exosomal RNA in order
to identify prognostic markers in patients with CRPC. MiR-
1290 and miR-375 were associated with poor OS and are
promising prognostic markers in CRPC (27). A urine exosome
gene expression assay including V-ets erythroblastosis virus
E26 oncogene homologs (ERG), PCA3 and SAM pointed
domain-containing Ets transcription factor (SPDEF), was
able to discriminate high-grade (Gleason score >7) from
low-grade cancer (Gleason score 6) and benign disease in
patients with elevated PSA. This assay has the potential to
identify patients who require biopsy and thus decrease the
number of unnecessary interventions (23).

In addition, mutations in breast cancer gene 2 (BRCA2),
tumor protein p53 (7P53), ataxia telangiectasia mutated
(ATM) and phosphatidylinositol-3-kinase (PI3K) identified
in ctDNA were associated with a negative prognosis in
patients with CRPC, independent of ctDNA concentration
and other clinical prognostic factors (60,62).

The AR is a main contributor to PC development,
progression and resistance to castration. Alterations of
AR including AR amplification, point mutation and splice
variants are hypothesized to cause CRPC. AR variants have
lost the C-terminal domain where testosterone naturally
binds, which results in a ligand-independent constitutional
activation of the receptor. AR isoform encoded by AR splice
variant 7 (AR-V7) is the most commonly and clinically
significant variant associated with CRPC (42). AR-V7 can
be detected in exosomal RNA, which is simpler and less
expensive than CTC processing. Using this method, Del
Re et al. found that AR-V7 positive patients had worse
progression-free survival (PFS) and shorter OS (28).

Role of liquid biopsy in treatment choice and response

evaluation

PSA is used as a biomarker to monitor response to

© Precision Cancer Medicine. All rights reserved.
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treatment. However, because its genetic encoding is
androgen-dependent, PSA levels may decrease in response
to lowering of serum androgen level or direct effect of some
therapeutic agents on the PSA gene, without corresponding
to cytoreduction (5,8,60). Therefore more accurate
biomarkers are needed to reflect treatment response
and allow better tumor profiling to guide the choice of
treatment (11).

Metastatic PC that progresses with androgen deprivation
therapy (ADT) is termed castration resistant. Multiple
alternative therapeutic options exist in this case, such as
next generation AR targeting agents (e.g., abiraterone
and enzalutamide), taxane chemotherapy (docetaxel and
cabazitaxel) and other treatments like sipuleucel-T and
radium-223. However, one quarter of patients develop
de-novo resistance to AR targeting agents, and cross-
resistance is common among this class. Therefore, there
is an unmet need to predict treatment resistance in
mCRPC (60). Baseline CTC count was found to be an
independent predictor of progression to castrate resistance
in 33 men with mHSPC, and therefore can help identify
patients who would benefit from early chemotherapy (48).

Several trials have examined the prognostic role of CTC
enumeration in predicting survival in mCRPC patients on
chemotherapy, and the results agree that a baseline CTC
count of >5 and a post-treatment CTC count of >5 are
significantly associated with shorter OS (33-35).

In a pooled analysis including 6,081 patients with
mCRPC from five prospective trials (COU-AA-301,
AFFIRM, ELM-PC-5, ELM-PC-4, and COMET-1),
Heller et al. studied the CTC count and PSA change
at treatment week 13. They concluded that “CTC0”
(CTC nonzero at baseline and zero at 13 weeks) and
“CTC conversion” (=5 CTCs at baseline, <4 at 13 weeks)
endpoints had the highest discriminatory power for OS, and
would make meaningful endpoints in clinical trials (36).

Lorente er al. performed a post hoc analysis of patients
with advanced PC and baseline CTC <5 treated in the
IMMC-38 trial (chemotherapy) and COU-AA-301 trial
(abiraterone or placebo plus prednisone). They found
that a rise in CTC count during the first 12 weeks of
treatment was independently associated with worse OS (37).
A secondary endpoint of the COU-AA-301 trial was
to evaluate the potential of CTC count alone or with a
panel with other biomarkers as a surrogate endpoint for
survival. The results were that CTC count in combination
with LDH satisfied the prentice criteria as a surrogate for
survival at the individual patient level (38).

Precis Cancer Med 2022;5:24 | https://dx.doi.org/10.21037/pcm-22-1
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However, the use of CTC count as an assessment of
treatment response in clinical trials does not automatically
translate into clinical practice on individual patients.
First, the rates of detecting CTC count >5 in mCRPC
differ according to the line of treatment, and vary from
30% in first line setting to 50% in third line. This is an
important consideration to take when screening patients
to establish the efficacy of a certain treatment. Second, we
lack prospective studies that demonstrate whether changing
regimens based on unfavorable CTC count would prove to
be clinically useful. Does failure to convert from unfavorable
to favorable count necessarily dictate a change in therapy?
As an example, if the CTC count drops from 100 to 10, it
would still be considered in the unfavorable range, while
a decrease from 6 to 4 is seen as a favorable conversion
and keeping same therapy is warranted. This example
illustrate that making therapeutic decisions cannot purely
rely on CTC enumeration, the interpretation of which
should be made with caution and in the context of a global
clinical picture. In addition, there is insufficient data on the
interpretation of fluctuations in CTC count throughout
treatment, and it is not clear whether a single increase in
CTC count is sufficient to predict poor prognosis or serial
assessments are needed (8).

CfDNA quantification was evaluated across different
studies to establish its correlation with disease burden
and response to treatment. Kienel ez #/. showed
that a concentration of cfDNA above a threshold of
55.03 ng/mL was significantly associated with poor
PSA response to chemotherapy and that ¢cfDNA was an
independent predictor of OS [hazard ratio (HR): 0.34;
95% confidence interval (CI): 0.12-0.91; P=0.032] in
multivariate analysis (39). Another study by Kwee ez a/.
demonstrated that the concentration of ¢fDNA significantly
increased across three time points in the study: before
chemotherapy, after the first cycle and after the third cycle.
Additionally, cfDNA correlated significantly to mean
maximum standardized uptake value (SUVmax) on positron
emission tomography/computed tomography (PET/CT)
at all three time points but not with PSA level changes.
Furthermore, changes in promoter methylation status of
two cancer-related genes [GSTPI and retinoic acid receptor
B2 (RARB2)] in ¢fDNA were observed with the metabolic
changes captured by PET/CT. However, the translational
significance of these findings and their potential value as
response biomarkers remains to be further investigated (63).

cfDNA allows the detection of aberrations of the
AR gene, such as mutations and amplifications or splice

© Precision Cancer Medicine. All rights reserved.

Page 11 of 26

variants, which can lead to resistance to ADT, and therefore
aid in choosing more appropriate therapeutic options for
those patients (5). Several studies have identified point
mutations in the AR gene that are associated with resistance
to abiraterone (such as L702H and T878A) and ezalutamide
[c.2629T>C(F877L)]. However, Annala et 2. demonstrated
that AR gain in c¢tDNA is only associated with poor
response to treatment if present in high copy number (=8
copies), although this finding was not statistically significant
in multivariate analysis (40,60).

CTC phenotyping also can identify molecular profiles of
AR. AR-V7 is the first management predictive biomarker
in PG; it is found in up to 75% of men with mCRPC and
its expression increases after treatment with abiraterone
or enzalutamide (6). Antonarakis et 2/. demonstrated that
the detection of AR-V7 mRNA by RT-PCR in the CTCs
of patients with mCRPC is associated with resistance to
abiraterone or enzalutamide. Patients who were AR-V7
positive had lower PSA response rates, shorter PSA PFS,
clinical or radiological PFS and OS compared to those who
were negative (42). A later study by this group showed when
combining CTC count and AR-V7 detection using a CTC-
based mRINA assay, patients with mCRPC receiving novel
hormonal therapy as first or second line can be stratified
into three prognostic categories. CT'C negative patients
had the best outcomes, followed by CTC positive/AR-V7
negative patients, and lastly CTC positive/AR-V7 positive
patients (43). Using the Epic Sciences CTC nuclear-specific
AR-V7 protein assay, Scher e al. showed that in patients
with mCRPC, the nuclear localization of AR-V7 protein in
CTCs was related to lower OS in those treated with novel
antiandrogens compared those treated with taxanes (7.3 vs.
14.3 months respectively, P=0.25) (44). These results are
in line with a previous study, which showed that mCRPC
patients had a 30% increased odd of responding to taxane
if AR is localized completely in the cytoplasm compared to
those with no AR in the cytoplasm (P value <0.001) (45).

Patients with CRPC were evaluated for AR and
cytochrome P450 17A1 (CYP17A1) genes copy number
variations (CNV5s) in ¢fDNA before the start of abiraterone
therapy. CYPI17A1 is a key enzyme for sex steroid synthesis
and a target of abiraterone. AR and CYPI7AI gene gain was
associated with lower PFS and OS (46).

In the PROPHECY trial, a multicenter prospective
study in men with high-risk mCRPC starting abiraterone
or enzalutamide, AR-V7 detection in CTCs (using Johns
Hopkins University modified-AdnaTest CT'C AR-V7 mRNA
assay and Epic Sciences CTC nuclear-specific AR-V7 protein
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assay) was found to be an independent predictive biomarker
of short PFS and OS in this patient population (47).

Therefore the detection of AR-V7 in CTCs can be used
as a biomarker to identify resistance to androgen pathway-
targeted therapies, and the National Comprehensive
Cancer Network (NCCN) guidelines recommend that the
“use of AR-V'7 tests can be considered to help guide selection of
therapy in the post-abiraterone/enzalutamide metastatic CRPC
setting” (64). However, there are certain limitations to
consider, such as the heterogeneity of AR-V7 status among
individual CTCs, the change in AR-V7 status that can occur
during treatment, and the presence of alternative pathways
of antiandrogen therapy that can contribute to clinical
resistance (8).

Germline and somatic homologous recombination
deficiency (HRD) is a target of several anticancer treatments,
including chemotherapy and inhibitors of DNA repair
enzyme [poly(ADP ribose) polymerase (PARP) inhibitors].
HRD biomarkers based on liquid biopsy have been
developed. Targeted and whole-exome sequencing of cfDNA
from patients in the TOPARP-A trial, a phase II trial of
the PARP inhibitor olaparib in mCRPC, showed that allele
frequency of somatic mutations declined in responders
and that a decrease of >50% cfDNA concentration after
8 weeks of olaparib therapy was independently associated
with longer OS (31). Mehra ez al. demonstrated that cfDNA
concentration is an independent prognostic factor for
radiologic PFS and OS in patients with mCRPC receiving
taxane chemotherapy in first and second line settings, and
may serve as a biomarker of response to taxanes (30). In
May 2020, olaparib received FDA approval for treatment of
mCRPC in patients with germline or somatic homologous
recombination repair (HRR) gene mutation who did not
respond to enzalutamide or abiraterone. Approval was
also granted to two blood-based tests FoundationOne
CDx and BRACAnalysis CDx for detection of HRR gene
alterations (65).

Role of liquid biopsy in early stage LPC

Fewer studies exist on the role of liquid biopsy in LPC and
mHSPC. Thalgott er /. measured CTCs using CellSearch
in plasma of patients with locally advanced PC before and
after neoadjuvant chemotherapy and following subsequent
radical prostatectomy. They found that CTC detection in
these patients was random, and although it could predict
biochemical recurrence in some cases, this finding was
not statistically significant. In addition, the presence of
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CTCs did not correlate with like other clinicopathologic
characteristics like initial Gleason score, serum PSA and
TNM stage (51). Similar results were seen across other
studies with different treatment modalities (52-54). The
role of CTC in detecting biochemical recurrence and its
correlation with PSA increase and PSA doubling time was
also studied. This is particularly important because the
assessment of biochemical recurrence in LPC by PSA can
be variable, and these patients can benefit from further local
salvage therapy and be offered a change for cure, while
those who developed occult or overt metastasis can receive
early systemic therapy. The incidence of positive CTCs was
low (8.3%), however its presence raises the suspicion for
metastasis (55).

The low yield of CTC detection in LPC can be
attributed to the enumeration method used. The studies
mentioned above used CellSearch, an EpCAM-dependent
technic, which can underestimate the number of CTCs
that underwent EMT and downregulated their epithelial
markers (EpCAM and cytokeratins). Additionally, around
11% of prostate adenocarcinomas lack or have weak
EpCAM expression (51,53). This idea is illustrated in the
study by Kuske er a/. that compared CTCs in patients
with high-risk LPC before and after radical prostatectomy
using 3 commercially available systems: 37% of the cohort
had positive CTCs detected with CellSearch, 54.9% with
CellCollector and 58.7% with EPISPOT. In addition,
the CTC count measured by EPISPOT was significantly
associated with serum PSA and the clinical cancer stage (66).
These findings were corroborated by another study
by Cieslikowski et al. (67). Other investigators have
used label-independent platforms. One study used a
microfluid platform to isolate CTCs based on cell size
and deformability, in patients with LPC before radical
prostatectomy. They were able to detect CTCs in 50% of
the patients and showed no significant correlation between
CTC count and clinicopathological parameters (56).
Another study detected CTCs in 81.1% of patients with
LPC after radical prostatectomy using label-independent
Epic Sciences systems. Patients with higher CTC count
tended to have shorter recurrence time, and although this
was not statistically significant, the results are promising
for the implementation of Epic Sciences platform for CTC
detection as a prognostic marker in LPC (57).

Role of liquid biopsy in mHSPC

The data available on the prognostic value of liquid biopsies
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in mHSPC is scarce. In one study, ctDNA was detectable
in patients with de novo mCSPC, however the levels decline
after ADT), which renders the evaluation of clinically
significant somatic mutations difficult. Therefore, if ctDNA
were to guide therapeutic decisions in this case, the timing
of blood collection is an important consideration (68).
With respect to CTCs, a study by Josefsson et 4l. detected
AR-V7 expression in CTCs of patients with mHSPC before
the starting ADT. AR-V7 positivity was an independent
negative prognostic marker for cancer specific survival
in a multivariate analysis (49). Yang et 4/. showed that
HSPC patients with mesenchymal phenotype CTCs had
significantly higher progression rate to CRPC and shorter
time to progression compared to patients with non-
mesenchymal phenotype CTCs or absent CTCs (50).

Liquid biopsy in BC

BC is a common cancer worldwide with an estimated
573,278 new cases and 212,536 deaths in 2020 (69). It
constitutes the 10th most common cancer globally and
ranks 12th among the causes of cancer death. BC can
present as muscle-invasive in 10-25% of patients, whereas
the majority have non-muscle invasive disease (70). The
treatment differs between the two subtypes. According
to the NCCN guidelines, muscle-invasive BC (MIBC)
patients are initially treated with cisplatin based neoadjuvant
chemotherapy followed by radical cystectomy (71). On the
other hand, the primary treatment of the supposed non-
muscle-invasive BC (NMIBC) is a complete transurethral
resection of the bladder tumor (TURBT) (71). However,
recurrence is common among the NMIBC population,
and approximately 10-30% of this group will experience
progression toward a more aggressive disease (72).

The main challenge in all cancer cases lies in early
detection and diagnosis before disease progression. Over the
past decades, the diagnosis of BC consisted of cystoscopy
and cytology. However, given the poor sensitivity of
cytology and the high invasiveness of cystoscopy, it was
crucial to channel the efforts toward some new diagnostic
modalities that would provide new clinical understanding
of the disease (73). Researchers and clinicians describe
different levels of heterogeneity in BC. The tumor is
characterized by high rates of somatic mutations, and
genomic instability (74). Heide et a/. highlighted the
genomic heterogeneity of the tumor by implementing
multiregional whole-exome sequencing from ten whole
cystectomy specimens of BC (75). The sequencing showed

© Precision Cancer Medicine. All rights reserved.
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key molecular alterations unevenly distributed over different
areas of the primary tumor (75). This experiment supports
the idea that a single tissue biopsy cannot be representative
of all mutations of the entire tumor. Similarly, this intra-
tumoral heterogeneity raises the issue of probable inter-
tumoral differences between the primary cancerous site
and metastases. Moreover, MIBC is divided into different
subtypes based on transcriptome heterogeneity, i.e., gene
expression profiling (76,77). These different subtypes can
be recognized by the expression of specific biomarkers
that could influence their response to certain targeted
therapies (77).

For this purpose, in the past 20 years, precision oncology
focused on the use liquid biopsy as a new method for
analyzing tumor biomarkers in different body fluids,
including blood, saliva, and urine (78,79). Recently, the
concept of liquid biopsy has been gradually emerging in
BC. By overcoming the temporal and spatial limitation of
tissue biopsy, this new technic may play an essential role
in the revolutionary movement of diagnosis, surveillance,
prognosis and management of the disease (21,80-82). Table 5
summarizes the clinical applications of liquid biopsy in BC.

Role of liquid biopsy in BC detection and diagnosis

Many studies have investigated the role of different
biomarkers in the diagnosis of BC. Urine tumor DNA are
highly promising for the clinical detection of early stages
BC (91,107-111). For instance, Dudley et 4/. reported high
similarity for mutations between tumor and urine ¢fDNA
after using a high-throughput sequencing-based hybrid
capture method (111). Through this approach, it was
demonstrated that pleckstrin homology domain containing
S1 (PLEKHSI) promoter mutations, which are shed in
urine, are among the most common somatic alterations in
BC (111). Moreover, increased levels of ctDNA somatic
variants were reported in MIBC, with concordance between
ctDNA and tumor tissue (112,113). On the other hand,
Welton et al. studied the exosomal expression of different
protein biomarkers in cultured HT1376 BC cells (114). By
using Western blotting and flow cytometry, they reported
a significant expression of certain proteins like CD9, CD63
and CD81. They also detected 353 proteins in exosomes
from BC by employing liquid chromatography. Then, after
the elimination of any non-exosomal contaminant effect, the
presence of 18 proteins including a6 integrin, B1 integrin
CD73, CD10, CD36, mucin 1 (MUCI), basigin, and 514,

was confirmed. This method was applied on urine from BC
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patients and control, and it revealed increased expression
of CD36, CD44, 5T4, basigin, and CD73 among cancer
patients when compared to control (114).

Recently, a group of researchers studied the DNA
CNVs in the urine of patients with urothelial carcinoma
(UC) (115). They developed an assay called Urine Exfoliated
Cells Copy Number Aberration Detector (UroCAD) that
analyzes urine samples, which they used to evaluate CNV in
a total of 190 patients enrolled in an observational clinical
trial in Shanghai. Among these patients, 126 had UC and
64 others were cancer free. The analysis revealed no
significant presence of CNV in the cancer-free group.
However, the investigators identified UC with a sensitivity
of 82.5% and a specificity of 96.9%. Additionally, the same
assay was used on 95 patients in a validation cohort, of whom
56 patients were diagnosed with UC. Despite the
comparable specificity, UroCAD demonstrated significantly
higher sensitivity when compared to urine cytology (80.4%
vs. 33.9%). More importantly, in the 7 patients who had
low-grade tumors located in the epithelial layer of the
bladder, the sensitivity in detecting cancer was 71.4% for
UroCAD compared to 0% with urine cytology. Accordingly,
UroCAD was linked to tumor grade and tumor size with
regard to sensitivity (115).

Perez et al. also shed the light on potential biomarkers
that can be possibly used for diagnosing BC (116). After
collecting urine samples of 5 BC patients and 6 non-
BC patients before undergoing cystoscopy, they isolated
exosomes, characterized them and used PCR to validate
the array results on new samples. Among these, only
exosomes from cancer patients expressed polypeptide N-a
cetylgalactosaminyltransferase 1 (GALNT1) and ceramide
synthase 2 (CERS2) mRNAs. Although limited, such results
presented potential RNA-associated to urinary vesicles
that might be used for future non-invasive diagnostic
purposes in BC (116). Studies also suggested that patients
with high-grade MIBC demonstrated a urinary exosomal
enrichment of specific long non-coding RNAs (IncRNAs)
such as HOX transcript antisense RNA (HOTAIR) and
metastasis associated lung adenocarcinoma transcript 1
(MALATT), and other mRINAs such as SRY-box 2 (SOX?2)
and POU class 5 homeobox 1 (POUSFI) when compared
to healthy patients (117). On that account, further studies
and comparison in larger population of MIBC and healthy
patients are needed to establish a significance for the use of
these exosomal RINAs as biomarkers for diagnosing MIBC.

Currently, five urinary assays have been approved by the
US FDA for initial detection of BC. These include nuclear

© Precision Cancer Medicine. All rights reserved.
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matrix protein 22 (NMP22) kit, NMP22 BladderChek Test,
bladder tumor antigen (BTA)-TRAK and BTA stat kits, Cell
Search, and UroVysion (118). Although not widely used
for diagnosing BC yet, it is shown promising that liquid
biopsy will play a definitive role in the future diagnostic
purposes of BC patients; and while it might not be enough
to replace cystoscopy, it can still have an additive value and
can probably limit the use of cystoscopy in the course of the
disease.

Prognostic role of liquid biopsy in BC: progression,

recurrence or survival

Studies suggest that liquid biopsy carries important
prognostic values in BC patients. In fact, testing of ctDNA
in BC has helped in detecting multiple alterations that could
predict disease outcome. For example, mutations in both
BRCA1 DNA repair associated gene and rapidly accelerated
fibrosarcoma-1 (RAF-1) proto-oncogene were demonstrated
as poor clinical indicators of BC patients (83). Moreover,
ctDNA can be used as a predictor of disease recurrence in
MIBC patients after initial curative treatment. Such role
will help in early administration of systemic therapy before
progression to metastatic disease (119). In fact, studies have
proved increased levels of fibroblast growth factor receptor
3 (FGFR3) and phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA) mutated DNA
in urine and plasma samples of patients with progressive
and metastastatic BC (91). Sundahl ez 4/. studied the
implication of ctDNA fraction in correlation with treatment
response (84). In this phase 1 trial, the researchers reported
that patients with BC who responded to treatment showed
a rapid decline in ctDNA fraction, whereas non-responders
had stable or even increased fractions (84). Additionally,
in April 2021, Zhang et al. published the first study to use
targeted sequencing of ctDNA for NMIBC patients (92).
Based on an 861-gene panel, they compared somatic
mutations in matched tumor DNA and plasma ctDNA.
Zhang et al. reported that patients with T'1 tumors showed
higher detection rate of ctDNA and higher concordance
rate of somatic mutations between ctDNA and tumor DNA
than Ta patients, which suggest that ctDNA levels in blood
correlate with disease invasiveness. It was also found that
tumors of larger size also had increased levels of ctDNA
in their plasma. More importantly, the study focused
on studying the molecular tumor burden index (mTBI)
in ctDNA, and it revealed that higher mTBI reflected
shorter disease-free survival (DFS) in NMIBC patients
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who received transurethral resection of bladder followed
by immunotherapy (92). Therefore, mTBI in ctDNA
could be an independent prognostic indicator of DFS in
these patients. Similarly, a study by Vandekerkhove ez al.
also demonstrated that high ctDNA levels independently
predict aggressive disease in MIBC patients (85). It was also
found that OS was significantly improved in patients with
metastatic UC whose ctDNA fraction was below the first
quartile (85).

As with ctDNA, many studies suggested a correlation
between the presence of CTCs and the worse prognosis
of patients with UC (89,93,94,101). A meta-analysis
combining 30 studies and including more than
2,000 patients validated this disadvantageous impact of
CTC on UC prognosis (120). Even the detection of a single
CTC has established a negative impact on the outcomes
of BC patients, unlike other solid malignancies that have a
cut-off value of 3-5 CTC (25,89,94,121). In fact, multiple
studies have demonstrated an association between the
presence of CTC and a higher risk of disease recurrence
and even mortality post radical cystectomy (89,93,94,101). It
was also found that metastatic UC demonstrated increased
number of CTC and higher detection rate compared to
non-metastatic disease (88). For instance, detection rate
varied between 26% and 91% in patients with lymph node
metastasis, and between 33% and 100% in patient with
visceral metastasis (86,88,102,103). Other than its relation
to metastatic burden, the positivity of CT'C demonstrated
an association with imaging-proven metastatic disease
on fluorodeoxyglucose (FDG)-PET-CT modality (90).
Accordingly, CTC detection may be applied for monitoring
disease progression and response to treatment.

Exosomes on the other hand are enriched from urine
samples and may be potentially used as prognostic markers
in BC. For example, IncRNA lymph node metastasis-
associated transcript 2 (LNMAT?2) serves as predictor for
nodal dissemination with an area under the curve (AUC)
of 0.881 (87). Lymphatic metastasis was also recognized
with detection of miRNAs in urine of patients with BC,
with a reported AUC of 0.704 for miRNA-141 and
0.647 for miRNA-200b (104). Other examples of the
prognostic ability of miRNA include miR-214, which can
be detected in the urine of NMIBC patients and signifies
disease recurrence (95). Also, serum miR-152 and urinary
miR-22-3p and miR-200a-3p are of indicators of recurrence
risk in NMIBC (96,97). Few studies evaluated the use of
miRNAs panels in the management of patients with NMIBC.
Sapre et al. reported an AUC of 0.85 with urinary profiling
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of NMIBC patients using a panel of six miRINAs (98). This
panel was found to be specifically applicable in identifying
recurrence in burdensome disease, like T'1 stage and high-
volume cancer, with a sensitivity of 88.0% (98). As such,
this panel can help in the disease surveillance process and
limit the use of invasive cystoscopies. Another study by Jiang
et al. presented a panel of 4 miRNAs that predicted MIBC
development and progression with AUC values significantly
higher than those of cytology and BC grade (100).

Therapeutic use of liquid biopsy in BC

The use of liquid biopsy has been emerging lately as a guide
for targeted therapy in solid tumors. Over the past years,
multiple studies have been focusing on this specific concept
for its potential value and importance in BC patients.
Grivas er al. determined that molecular alterations within
cfDNA were widely detected in patients with advanced UC
(@UC) (83). In fact, detection of breast cancer gene 1
(BRCAI) and RAF1 alterations was specifically correlated
to shortened OS and failure free survival (FFS). Also,
given the pre-existent evidence of susceptibility to PARP
inhibition in tumors with homologous DNA repair
defects, it was suggested that targeted therapy might be
employed in aUC carrying similar mutations. Likewise,
a potential role of RAF kinase inhibitors was proposed in
the treatment of aUC patients (83,122). Hence, cfDNA
profiling could direct physicians toward the use of certain
therapeutic strategies. Powles et 4/. evaluated outcomes in
581 patients who underwent surgery for UC, followed by
atezolizumab vs. observation (105). Among the different
study groups, ctDNA testing was done at different time-
points. Through this study, it was shown that patients with
positive ctDNA demonstrated an improved DFS and OS
after immunotherapy, compared to those in the observation
arm. However, for those who were negative for ctDNA,
no difference was noted in DFS or OS in both treatment
arms (105). Subsequently, ctDNA may be potentially used
as a predictor for response to atezolizumab.

The gold standard treatment for NMIBC is intravesical
Bacillus Calmette-Guerin (BCG) immunotherapy (123).
However, not all NMIBC are responsive to BCG, and
sensitivity was found to be altered by programmed death-
ligand 1 (PD-L1I) expression. Therefore, the US FDA
approved anti-programmed death-1 (PD-1) monotherapy as
treatment of BCG-unresponsive NMIBC patients (123,124).
Recently, Nicolazzo et al. explored the possible role of liquid
biopsy in the stratification of NMIBC according to their
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Application Advantages Disadvantages Test performance Reference
TRUS biopsy
PC diagnosis Standard of practice, Invasive, inadequate 48% sensitivity and 96% specificity (125)
accessible to patients sampling of tumor
heterogeneity
PSA
PC diagnosis, Less invasive than tissue  Poor discrimination of 21% sensitivity and 91% specificity (cut-off (126)
prognosis biopsy malignant and benign of 4.0 ng/mL)
monitoring diseases
Cystoscopy
BC diagnosis Standard of practice, Invasive, inadequate 62-84% sensitivity and 43-98% specificity (127)
direct tumor visualization, sampling of small flat tumors
accessible to patients
CfDNA
PC and BC Less invasive than tissue  Processing is technologically PC diagnosis: 80% sensitivity and 82% (1,39,68,85,128)
diagnosis, biopsy, real-time monitoring complex and not readily specificity. BC diagnosis: 93.5% sensitivity
prognosis and of disease, reflects tumor  available, methods need and 95.8% specificity. CFDNA concentration
monitoring heterogeneity standardization independent predictor of OS in PC (HR: 0.34,
P=0.032) and BC (HR: 3.59)
CTC count
BC diagnosis, Less invasive than tissue  Processing is technologically 35% sensitivity and 97 specificity (BC (87,120)
PC and BC biopsy, real-time monitoring complex and not readily diagnosis). CTC count >5 cells/7.5 mL
prognosis and of disease, reflects tumor  available, methods need correlates with lower OS in CRPC (HR: 3.23,
monitoring heterogeneity standardization P=0.0028) and BC (HR: 3.98, P<0.001)

PC, prostate cancer; BC, bladder cancer; TRUS, transrectal ultrasonography; PSA, prostate specific antigen; cfDNA, cell free DNA; OS,
overall survival; HR, hazard ratio; CTC, circulating tumor cell; CRPC, castrate resistant prostate cancer.

response to BCG (99). The researchers investigated CTC
expression of PD-L1 in 20 CTC-positive NMIBC patients.
CTC isolation was also compared between two methods:
the antigen-dependent FDA-approved CellSearch system,
and ScreenCell, a size-based CTC isolation method. After
CTC isolation, patients were enrolled for adjuvant BCG
therapy, and followed up for a median period of 18 months.
Through the follow-up period, it was found that among the
20 enrolled patients, 12 patients were BCG-unresponsive,
while 8 were BCG-responsive. Moreover, of the BCG-
unresponsive group, 11 out of 12 patients demonstrated
PD-L1-positive CTCs (92%), while CTCs from all patients
in the response group were PD-LI negative (99). As such,
the use of CTC to determine PD-LI status in NMIBC
could be implemented in the selection of patients for BCG
treatment or PD-L] targeted immunotherapy.

Additionally, a study by Fanous ez 4/. investigated exosomal
miRNAs that could possibly affect the sensitivity of BC
to cisplatin, gemcitabine, and cisplatin/gemcitabine (106).
Opver a period of 6 months, resistant BC cells were subject
to gradually increased doses of cisplatin, gemcitabine,
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or a combination of cisplatin and gemcitabine. After
profound analysis, it was found that for each type of
therapy, resistant cells expressed specific exosomal miRINA
profiles. Moreover, results showed that, among the profiled
miRNAs, the most significantly downregulated was
miR-Let-7i-3p, whereas miR-21-5p was the most
significantly upregulated (106). Consequently, with further
validation, miR-Let-7i-3p and miR-21-5p could potentially
serve as biomarkers for treatment response monitoring and
possible targeted therapy.

Conclusions

Liquid biopsy has a promising role in detecting BC and
PC, predicting prognosis, steering treatment selection and
monitoring for response. Multiple detection technics of
the different biomarkers exist, and the assays used need
to be standardized and validated, since the interpretation
of results depends on the detection method used. Table 6
summarizes the main diagnostic and prognostic methods

available for PC and BC. Although the use of liquid
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biopsy in localized and mHSPC is still low yield and
limited, a substantial amount of evidence exists on its
utility in mCRPC. The role of CTC count as a prognostic
biomarker is established across multiple large studies, and
it was found to correlate with response to chemotherapy.
The detection of AR-V7 has also a prognostic and
predictive value in determining treatment with taxanes
vs. novel antiandrogens. The use of blood-based tests to
detect HRR gene alteration is approved to guide treatment
selection, and identify patients who would benefit from
PARP inhibitors. While the use of liquid biopsy has
already been approved in the diagnosis and surveillance
of BC, the main focus and challenge remains in directing
this revolutionary modality toward a new therapeutic
horizon, that could establish a solid ground for patient
selection for adjuvant and targeted therapy in those with
BC. These biomarkers have to be evaluated in larger
prospective trials, in order to establish their clinical utility
and cost-effectiveness in guiding therapeutic decisions for
individual patients.
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