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Abstract.
Background: Circulating tumor cells (CTCs) assays are a promising noninvasive way to interrogate the status of disease in
bladder cancer. Since the molecular signature of cancer cells may dictate their susceptibility to targeted or immunotherapy,
the full value of CTC assays may be in such subsequent characterization. These secondary features may help increasingly
guide future clinical management of bladder cancer.
Objective: This review aims to survey advances in the secondary molecular characterization of CTCs in bladder cancer.
Methods: Using PRISMA guidelines, a systematic search of PubMed articles published between January 1990 to February
2019 was conducted to identify bladder CTCs studies that included protein, gene expression, or molecular characterization
data.
Results: Three original articles were identified. These articles assessed either PD-L1, HER2, or STn.
Conclusions: Our systematic review reveals a relative paucity of studies that undertake molecular or genetic characterization
of CTCs in bladder cancer. Studies of that identify prognostic markers in bladder cancer will become increasingly useful as
targeted and immunotherapy become integrated into the management of bladder cancer.

HIGHLIGHTS

• Characterization of bladder cancer CTCs can
potentially inform subsequent clinical manage-
ment

• PD-L1 and HER2 expression on CTCs may
guide patient selection for targeted therapies.

• Sialyl-Tn (STn) expression by CTCs may be
associated with increased aggressiveness and a
worse prognosis.
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INTRODUCTION

Bladder cancer is one of the most common malig-
nancies with 81,180 newly diagnosed cases and
over 17,240 deaths predicted to occur in the United
States in 2018 [1]. Standard methods for diagno-
sis and managing bladder cancer include cytological
evaluation of urine, radiographic imaging, and cys-
toscopy [2]. There is a substantial interest in testing
whether circulating tumor cells (CTCs) may com-
plement conventional methods for guiding bladder
cancer management.

CTCs are tumor cells that have shed into the vas-
culature or lymphatics from a primary tumor, and
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are carried around the body in the blood [3]. Detect-
ing the presence of CTCs in the peripheral blood is
a potentially less invasive way to identify advanced
and metastatic disease earlier. In recent years there
has been a surge in CTC technologies with over fifty
assays for detection and enrichment that have already
been described [4].

While there remains much experimental interest in
the area of CTCs no CTC assay as yet been incorpo-
rated into the standard of care for any types of cancers.
Studies have assessed whether the presence of CTCs
in the peripheral blood may be an independent predic-
tive indicator of poor outcomes for patients [5]. For
example, in breast cancer it was shown that the num-
ber of CTC is an independent prognostic factor for
progression-free survival (PFS) and overall survival
(OS) [6]. Measuring CTC levels in small-cell lung
cancer patients at base line showed that patients with
CTC levels above 50 per 7.5 mL of blood were signifi-
cantly associated with a higher stage and the presence
of liver metastasis [7]. A recently published meta-
analysis indicated that in colorectal cancer patients
treated with chemotherapy, high numbers of CTCs
correlate with poor OS [8].

As many cancer patients may already be receiving
maximal conventional therapy, simple CTC counts
may be insufficient to change therapy In contrast,
monitoring of the CTC genomic and epigenomic
profile might also better inform treatment selection
and usefully suggest the need for innovative treat-
ment. In metastatic breast cancer the presence of
ESR1 methylation in CTCs from serial blood samples
was shown to be associated with lack of response to
everolimus/exemestane. This approach coupled with
the emergence of targeted immunotherapy can lead
to powerful and tailored treatments [9–12]. Prelimi-
nary evidence suggests that longitudinal on-treatment
monitoring of CTCs, ctDNA, or PD-L1 dynamics
might be used as a marker of response to identify the
patients more likely to benefit from immunotherapy,
thus sparing nonresponding patients from such treat-
ment. Blood-based monitoring may also help decide
whether to continue immunotherapy or not in cases
of pseudoprogression.

This systematic review was conducted to survey
CTC assays related to bladder cancer that have been
published in the past decade. Only studies that went
beyond simply identifying or counting of bladder cir-
culating tumor cells, and examined the molecular,
genetic, or protein expression patterns of such cells
were selected. These few studies illustrate what may
lie ahead for the field.

METHODS

Search strategy

The Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) framework
was used for this review. The search attempted to
identify all articles which contained molecular char-
acterization of CTCs with the potential to guide
management. A systematic review of the scientific lit-
erature was performed using Medline/ PubMed on the
20th of February 2019. The following keywords were
included in the search: “bladder cancer”, “urothe-
lial carcinoma”, “circulating tumor cell”, and “CTC”.
There were no restrictions placed on language or date
of publication.

Study selection

All studies were screened by two independent
investigators. Disagreements were resolved follow-
ing discussion with a third investigator followed
by reaching a general consensus. The inclu-
sion criteria included studies utilizing blood-based
(blood/plasma/serum) circulating tumor cell detec-
tion methods in bladder cancer that incorporated a
molecular characterization approach. The results of
the studies were required to include implications of
their work on clinical management.

All conference abstracts, review articles, editorials,
comments, letters to the editor and duplicate records
were excluded. Studies on urinary biomarkers and
non-CTC biomarkers were also excluded from anal-
ysis.

Data extraction

The same authors as above independently extracted
data from included articles using a data collection
form developed a priori. Data collected included pub-
lication details, demographic details, details of CTC
detection method, and details of molecular charac-
terization approach. A second investigator confirmed
data was extracted accurately.

RESULTS

Search results

The PRISMA flowchart is shown in Fig. 1. A total
of 102 citations were identified in the database search,
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Fig. 1. PRISMA Flow diagram summarizing the systematic review process.

and three studies met the criteria of molecular char-
acterization of CTCs. The studies each interrogated
different markers on CTCs including PD-L1, HER2,
and sialyl-Tn.

DISCUSSION

PD-L1

Bladder cancer tumor cells have been found to
express programmed death ligand 1 (PD-L1) on the
cell surface [16]. Expression of of PD-L1 on cancer
cells helps solid tumors evade immune surveillance
and eradication. Discovery of this mechanism led to
the development of immune checkpoint inhibitors,
such as Atezolizumab. However, biomarkers to pre-
dict response to PD-L1 directed therapies are far from
established. In bladder cancer, higher PD-L1 expres-
sion has been linked to a positive treatment response
in select patients [17].

Anatharaman et al. evaluated PD-L1 protein
expression on circulating tumor cells (CTCs) iso-
lated from patients with muscle invasive (MIBC) and
metastatic bladder cancer (mBCa), and explored the
prognostic value of PD-L1 expression on clinical out-
comes. They demonstrated the ability to detect PD-L1
positivity both in cell lines spiked into human blood
as well as clinically processed samples [14]. In a
small cross sectional cohort they noted that patients
with the high PD-L1 positive CTC burden had a
shorter overall survival from the time of the CTC
draw [14]. However, differences in survival were not
statistically significant [14]. Additionally, five evalu-
able patients received PD-1 targeting therapy after
blood was drawn for CTCs, but there was insufficient
sample size to assess the prognostic value of PD-
L1 positive CTCs in patients receiving checkpoint
inhibitors [14]. So far this is the only work to apply
PD-L1 expression to CTCs, and further prospective
cohort studies will be needed to fully confirm its
clinical utility.
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Fig. 2. Determination of human epidermal growth factor receptor 2 (HER2) status by (A) fluorescent in situ hybridization and (B) immunoflu-
orescence using the CellSearch CTC assay system. (A) Primary tumor with strong HER2 gene amplification (clusters of HER2 signals: red;
CEP17 signals: green); (B) circulating tumor cells detected with the CellSearch system (0: HER2 negative; 1+: weak; 2+: moderate; 3+:
strong intensity of HER2-specific immunofluorescence). Reprinted from European Urology, Volume 61, Issue 4, Rink et. al., Prognostic
role and HER2 expression of circulating tumor cells in peripheral blood of patients prior to radical cystectomy: a prospective study., Pages
810-817, Copyright (2012), with permission from Elsevier.

Table 1
Baseline characteristics of included studies

Study CTC enrichment Patient Molecular Target antigen /
(year) method Population Approach target gene

Rink (2012) [13] CellSearch MIBC Immunofluorescence HER2
Anantharaman (2016) [14] Epic Sciences MIBC & mBCa Immunofluorescence PD-L1
Lima (2017) [15] Microfluidic chip MIBC Immunofluorescence Sialyl-Tn (STn)

HER2

The Human Epidermal Growth Factor Receptor
(HER; ErbB) family has been investigated as a target
for select patients with bladder cancer given its estab-
lished role in breast cancer. Human epidermal growth
factor receptor 2 (HER2), a tyrosine kinase in the
EGFR family, has been found to be associated with
biologically aggressive bladder cancer when assessed
in the primary tumor [18–20]. There is encouraging
early results that that HER2 expression status of blad-
der cancer cells might predict response to targeted
anti-HER2 therapy (Trastuzumab), in select patients
[21].

Rink et al. performed a prospective analysis of
HER2 expression in CTCs from patients with clini-
cally nonmetastatic bladder cancer. HER2 expression
patterns from CTCs, the primary tumor tissue, and
lymph node metastasis were compared for one hun-
dred patients following radical cystectomy. High
degrees of concordance were found in the HER2

status of CTCs and the corresponding primary
tumors (64% concordant), and CTCs and lymph node
metastases (100% concordant). CellSearch, an FDA
approved CTC detection assay, was used to identify
CTCs in this patient population. Use of CellSearch
allowed for either in situ hybridization of HER2 DNA
or immunofluorescence for HER2 protein (shown in
Fig. 2). The rate of HER2 positivity from- CTCs was
similar to that reported in studies evaluating HER2
expression in primary tumor tissue from advanced
bladder cancer [22]. Of note, 12.5% of patients with
HER2-positive CTCs had primary tumors that were
HER2-negative, suggesting that the HER2 status of
tumors may evolve, and CTCs may help identify
when such transitions occur.

Sialyl-Tn

Bladder tumors have been shown to overex-
press membane glycoproteins, such as thecancer-
associated glycoantigen sialyl-Tn (STn) [23–25]. The
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STn antigen is an O-glycan that is associated with
high-grade lesions and decreased survival, irrespec-
tive of grade and stage of disease [24–27]. STn
expression is triggered by high levels of hypoxia, and
is involved in modulating protein functions that favor
motility, invasion, while promoting and immune
escape [24, 26, 28]. These findings suggest that STn
may serve as a surrogate biomarker of poor prognosis,
especially in patients with advanced disease.

Lima et al. sought to determine the association
between STn and disease dissemination by assessing
STn expression in circulating tumor cells (CTCs),
and in metastastic tumor tissues. They showed that
STn expression in both CTC and metastatic lesions
was concordant, and provided a strong link between
the STn antigen, tumor dissemination, and metasta-
sis. However, these findings need to be confirmed in
larger trials with longer followup. In the meantime,
STn holds early promise as an effective biomarker for
determining tumor aggressiveness and patient strati-
fication.

CONCLUSION

CTCs hold much promise as a noninvasive strat-
egy for bladder cancer detection and management.
The utility of CTCs in precision oncology will bene-
fit from a deliberate focus on molecular information
obtained through genotyping, immunohistochem-
istry, and other approaches. The literature contains
three preliminary, but encouraging studies on the
potential of molecular characterization of blad-
der cancer derived CTCs, but there will likely be
many more to come as precision medicine becomes
integrated into bladder cancer treatment and manage-
ment.
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