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Introduction

Urothelial carcinoma of the bladder (UCB) is one of 
the most common epithelial malignancies among men 
and women ranking top ten in the western world (1). 
At initial presentation, the majority of patients have  
non-muscle invasive bladder cancer (NMIBC), a disease 
that is potentially curable with transurethral resection of 
the bladder tumor (TURBT) with or without adjuvant 
instillation therapy (2). Both, the natural history of 
NMIBC and its treatment strategies, are highly variable. In 
general, up to 70% of NMIBC patients eventually present 

with disease recurrence and 10–20% experience disease 
progression to muscle invasive bladder cancer (MIBC) (3), 
while overall survival usually is only marginally affected, if 
appropriate treatment is timely applied (4). Indeed, while 
some patients never experience disease recurrence, others 
experience disease progression and eventually die of their 
disease (5). Many efforts have been put into identifying risk 
factors particularly in NMIBC patients with high risk of 
disease recurrence and progression to optimize treatment 
recommendations with regard to adjuvant therapies (6). 
In addition, identification of NMIBC patients at highest 
risk for disease progression that need more aggressive 
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treatments including radical cystectomy and perioperative 
systemic chemotherapy is of crucial importance. Still, 
predicting the individual short- and long-term risk of 
disease recurrence and progression is mainly based on 
clinical and standard histopathological parameters. The 
two most common scoring systems and risk tables (i.e., the 
EORTC Genito-Urinary Cancer Group or the CUETO 
group) both only rely on clinic-pathologic parameter (2,4). 
Meanwhile, several groups have analyzed the reliability of 
these scoring systems based on long-term outcome data and 
found that both previously mentioned models exhibit a poor 
discrimination for both disease recurrence and progression, 
respectively (7). While clinical factors may indicate the 
risk for disease-specific endpoints in NMIBC, they do not 
account for the underlying genetics of each individual tumor.

Thus, it is important to consider that UCB is not only 
clinically, but also genetically a highly heterogeneous 
disease. The role of tissue biomarker has been extensively 
explored in NMIBC and subsets of biomarkers are 
routinely used in clinical practice for improved outcome 
prediction (8). Biomolecular predictors hold the potential 
to unmask individual genomic, epigenetic, transcriptomic, 
and proteomic alterations (4,9). Investigations on 
genomic variability may be performed on tissue, blood 
or urine samples in UCB. Of importance, several studies 
demonstrated relevant heterogeneity between the primary 
tumor and its metastasis in individual UCB patients that 
may explain the variable clinical course of disease (10-12). 
Genetic variability and instability may be an indicator for 
aggressive cancer subclones and thus represent important 
targets even in early disease stages such as NMIBC. 

Carcinogenesis is accompanied by deregulated tumor 
cell death and changes in proliferative processes, leading to 
increased levels of circulating cell-free desoxyribonucleic 
acid (cfDNA) in the surrounding body fluids of cancer 
patients. The physiological events leading to the release of 
cfDNA in human blood comprise processes such as apoptosis 
and necrosis along with active cell secretion (13). While 
apoptotic cells produce DNA fragments of 180–200 bp  
or multiples of this unit and necrotic cells deliver higher 
molecular-weight DNA fragments in size of over 10,000 bp,  
both are cleared by macrophages for elimination (14). 
Our experimental data have shown that cfDNA is highly 
fragmented (15) and exists predominantly as mono- and 
oligonucleosomes in the blood (16,17). Its levels are generally 
higher than those of circulating tumor cells (CTC) (18). 
However, the majority of cfDNA in peripheral blood 

originates from leukocytes, and only a small fraction is 
circulating tumor desoxyribonucleic acid (ctDNA). Apart 
from the primary tumor, this ctDNA may derive from CTC 
and metastatic sites, and reflects their genetic and epigenetic 
alterations. Thus, in the blood, ctDNA forms a pool of 
diverse aberrations that may come from different sources, 
but may also remain unnoticed in biopsy specimens because 
of their heterogeneity. In NMIBC patients, the main sources 
of ctDNA are urine and blood, and most investigations were 
carried out using urine samples. Although urine, particularly 
from bladder cancer patients, is well eligible for cfDNA 
analyses, the fragmentation of cfDNA may be higher in urine 
than in plasma or serum, and therefore, could impair its 
analyses. However, in a seminal study from 1991, Sidransky 
et al. provided proof of the feasibility of urine-based ctDNA 
analyses in bladder cancer patients, and identified p53 gene 
mutations in cells from urine sediments (19). 

Tumor cell dissemination into the peripheral blood is an 
essential step during disease progression and prerequisite 
for development of distant metastasis. CTC are malignant 
epithelial cells captured in the circulation and potentially 
represent micrometastatic disease (20). CTC are extremely 
rare (10–6) compared to other mono-nucleated blood cells 
(21,22). Postulating CTC as surrogates for micrometastatic 
disease theoretically may change the treatment algorithm in 
NMIBC. While NMIBC usually is considered controllable 
with localized treatment without systemic chemotherapy, 
the presence of CTC in NMIBC may indicate the need 
of more aggressive treatment or even chemotherapy. In 
consequence, detection of CTC even in NMIBC has a 
significant potential in regards of more precise staging as 
well as outcome prediction (23). Indeed, the impact of CTC 
in muscle-invasive and metastatic bladder cancer has been 
investigated in several studies (24), but their advantage in 
early-stage bladder cancer remains unclear. The concept 
of liquid biopsy promotes the encouraging opportunity to 
detect and monitor disease together with therapy response 
without conventional biopsies or surgical excision of the 
primary tumor or its metastases (24). 

In this review, we summarize and discuss the current 
value of ctDNA and CTC in NMIBC. Circulating 
biomarkers, including ctDNA and CTC, are measured 
by non-invasive real-time techniques for dynamic disease 
surveillance and response monitoring (20,25). We discuss 
the prognostic potential, clinical status as well as the 
limitation of these interesting biomarkers in the context of 
the most recent literature. 
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Methods 

We performed a non-systematic PubMed/Medline 
literature search to identify original articles, review articles, 
editorials and comments regarding CTC and ctDNA in 
association with NMIBC. Searches were limited to the 
English language. Key words included urothelial cancer or 
carcinoma, NMIBC, CTC, ctDNA, circulating cell-free 
DNA, plasma DNA, serum DNA, transurethral resection 
of the bladder, TURBT, instillation therapy, disease 
recurrence, progression and survival. The literature search 
was timely unlimited, but our article focuses on the most 
significant findings from the past ten years. Articles with the 
highest level of evidence were selected and reviewed.

Results

ctDNA 

Origin of cfDNA in the urine
cfDNA clearance from the blood is warranted by liver and 
kidney, and its half-life is variable ranging from 15 minutes 
to several hours (26). cfDNA has to pass through the renal 
filtration system to be ultimately released into the urine. 
This kidney barrier has been shown to be permeable for 
DNA molecules, but only complexes smaller than 6.4 nm  
in diameter and with a molecular weight ≤70 kDa 
corresponding to DNA of about 100 bp in size can pass 
through it and enter the nephron. Thus, cfDNA fragments 
of 50–100 bp in size and those which are only partially 
protected by histones can reach the urine, but possibly 
the non-globular shape or deformability of cfDNA may 
allow the passage of longer fragments through the barrier. 
However, it should also considered that the presence 
of apoptotic and necrotic urinary tract cells is another 
important source for cfDNA in the urine (27). In this 
regard, Su et al. reported the presence of low-molecular 
weight cfDNA in size of 150–250 bp as well as high-
molecular weight cfDNA longer than 1 kb in urine. These 
findings suggest that the low-molecular weight cfDNA stems 
from the blood circulation, and the high-molecular cfDNA 
originates mostly from cells shed into the urinary tract (28). 

The history and introduction of ctDNA analyses in 
UCB
As previously reported (24), in UCB, cfDNA was initially 
analyzed in urine (29). Although urine, particularly from 
UCB patients, is well eligible for cfDNA analyses, the 

fragmentation of cfDNA may be higher in urine than 
in plasma or serum, and therefore, disturb the analyses. 
Extensive research on ctDNA in plasma and serum of UCB 
started at the beginning of this century. At this time, the studies 
by von Knobloch et al. (30) and Utting et al. (31) showed 
that microsatellite instability (MSI) assessed by fluorescence 
PCR cannot only be detected in cfDNA isolated from 
urine but also from serum and plasma of UCB patients. 
Simultaneously, Dahse et al. evaluated TP53 alterations as a 
potential marker for a non-invasive diagnosis of recurrences 
or residuals in superficial UCB patients, but they only 
re-detected TP53 mutations from the primary tumor 
in 25% of plasma/serum samples using direct genomic  
sequencing (32). Apparently, the former sequencing method 
was not enough sensitive. In the same year, Domínguez 
et al. reported that p14ARF promoter hypermethylation 
or MSI in plasma was associated with recurrence in UCB 
patients (33). In particular, further small studies revealed 
hypermethylation of APC, GSTP1, TIG1, DAPK, p16 and 
cadherin promoters in serum cfDNA and its association 
with clinico-pathologic features (34-38). 

ctDNA  in NMIBC 
Table 1 presents an overview on ctDNA data in NMIBC. 
Recent advances in DNA profiling techniques have 
improved detection of tumor-associated genomic 
aberrations in peripheral blood. To date, most studies have 
applied polymerase chain reaction (PCR)-based methods 
or next-generation sequencing (NGS) approaches. An 
important study on ctDNA in NMIBC was carried out by 
Birkenkamp-Demtröder et al. in 2016. Using droplet digital 
PCR (ddPCR), this research group detected somatic variants 
of ctDNA, including deletions, insertions, inversions as 
well as intra- and inter chromosomal translocations, in both 
plasma and urine of NMIBC patients, and demonstrated 
that low levels of ctDNA in NMIBC are no barrier for their 
clinical utility (10). Thereupon, Puntoni et al. measured the 
serum levels of VEGF by a quantitative sandwich enzyme 
immunoassay and found that they are a significant predictor 
of overall survival and may help to identify such high-risk 
NMIBC patients who may benefit from more aggressive 
therapy (44). 

Frequent activating (hotspot) mutations have been 
identified in the fibroblast growth factor receptor 
(FGFR) and phosphatidylinositol 3-kinase (PIK3). Their 
dysregulations are potentially accountable for the initiation 
and progression of NMIBC, since their signaling pathways 



64 Rink et al. Circulating biomarkers in NMIBC

  Transl Androl Urol 2019;8(1):61-75tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

T
ab

le
 1

 S
el

ec
te

d 
st

ud
ie

s 
ev

al
ua

tin
g 

th
e 

pr
og

no
st

ic
 v

al
ue

 o
f c

tD
N

A
 in

 p
la

sm
a 

an
d 

ur
in

e 
sa

m
pl

es
 in

 p
at

ie
nt

s 
w

ith
 n

on
-m

us
cl

e-
in

va
si

ve
 b

la
dd

er
 c

an
ce

r

S
tu

dy
 a

nd
 

re
fe

re
nc

e
P

ur
po

se
 a

nd
 m

et
ho

ds
G

en
es

/v
ar

ia
nt

s 
of

 
in

te
re

st
C

lin
ic

al
 

sa
m

pl
es

N
um

be
r 

of
 

pa
tie

nt
s

Fo
llo

w
-

up
A

ge
M

ai
n 

st
ud

y 
fin

di
ng

s
C

lin
ic

al
 

en
dp

oi
nt

s

B
irk

en
ka

m
p-

D
em

tr
öd

er
  

et
 a

l. 
(1

0)

• 
D

et
ec

tio
n 

of
 s

om
at

ic
 

va
ria

nt
s 

in
 tu

m
or

 a
nd

 
ge

rm
lin

e 
D

N
A

 b
y 

w
ho

le
 

ge
no

m
e 

se
qu

en
ci

ng
, 

w
ho

le
 e

xo
m

e 
se

qu
en

ci
ng

, a
nd

 m
at

e-
pa

ir 
se

qu
en

ci
ng

• 
D

el
et

io
ns

 
• 

In
se

rt
io

ns
 

• 
In

ve
rs

io
ns

 
• 

Tr
an

sl
oc

at
io

ns

P
la

sm
a,

 
ur

in
e

12
9.

3±
5.

3 
ye

ar
s

68
.8

±
10

.2
 

ye
ar

s
• 

H
ig

he
r 

ct
D

N
A

 le
ve

ls
 in

 p
at

ie
nt

s 
w

ith
 

pr
og

re
ss

iv
e 

di
se

as
e 

be
fo

re
 c

lin
ic

al
 

ev
id

en
ce

 o
f p

ro
gr

es
si

on
 c

om
pa

re
d 

to
 p

at
ie

nt
s 

w
ith

 re
cu

rr
en

t d
is

ea
se

 
(P

=
0.

03
2)

• 
D

is
ea

se
 

re
cu

rr
en

ce

• 
D

is
ea

se
 

pr
og

re
ss

io
n

• 
M

on
ito

rin
g 

of
 s

om
at

ic
 

va
ria

nt
s 

by
 d

dP
C

R

C
hr

is
te

ns
en

  
et

 a
l. 

(3
9)

• 
S

cr
ee

ni
ng

 fo
r 

ho
ts

po
t 

m
ut

at
io

ns
 b

y 
dd

P
C

R
• 

FG
FR

3 
• 

P
IK

3C
A

P
la

sm
a,

 
ur

in
e

36
3

5.
2 

ye
ar

s 
(m

ea
n)

67
.5

 (m
ea

n;
 

IQ
R

: 5
8-

76
) 

ye
ar

s

• 
In

 1
29

/3
63

 (3
6%

) o
f p

at
ie

nt
s,

 a
t l

ea
st

 
on

e 
m

ut
at

io
n 

w
as

 fo
un

d
• 

D
is

ea
se

 
pr

og
re

ss
io

n

• 
H

ig
h 

le
ve

ls
 o

f c
tD

N
A

 w
er

e 
as

so
ci

at
ed

 
w

ith
 p

ro
gr

es
si

on
 (P

=
0.

00
3)

K
im

 e
t a

l. 
(4

0)
• 

m
R

N
A

 q
ua

nt
ifi

ca
tio

n 
by

 
re

al
-t

im
e 

P
C

R
• 

To
po

is
om

er
as

e 
II-

al
ph

a 
(T

O
P

2A
)

U
rin

e
83

N
/A

65
.6

±
13

.1
 

ye
ar

s
• 

TO
P

2A
 e

xp
re

ss
io

n 
w

as
 h

ig
he

r 
in

 N
M

IB
C

 p
at

ie
nt

s 
co

m
pa

re
d 

to
 

no
nc

an
ce

r 
co

nt
ro

ls
 o

r 
no

nc
an

ce
r 

he
m

at
ur

ia
 p

at
ie

nt
s 

(a
ll 

P
<

0.
00

1)

• 
B

la
dd

er
 

ca
nc

er
 

di
ag

no
si

s

• 
TO

P
2A

 w
as

 lo
w

er
 in

 N
M

IB
C

 p
at

ie
nt

s 
co

m
pa

re
d 

to
 M

IB
C

 p
at

ie
nt

s 
(P

=
0.

00
2)

R
ei

ne
rt

  
et

 a
l. 

(4
1)

• 
D

N
A

 m
et

hy
la

tio
n 

by
 

re
al

-t
im

e 
qu

an
tit

at
iv

e 
m

et
hy

la
tio

n-
sp

ec
ifi

c 
P

C
R

 (M
et

hy
Li

gh
t)

• 
E

O
M

E
S

 
• 

H
O

X
A

9 
• 

P
O

U
4F

2 
• 

TW
IS

T1
 

• 
V

IM
 

• 
Z

N
F1

54

U
rin

e
18

4
5 

ye
ar

s 
(1

4%
 lo

st
 

to
 F

U
)

69
 (r

an
ge

, 
33

–8
9)

 
ye

ar
s

• 
A

ll 
si

x 
m

ar
ke

rs
 w

er
e 

hy
pe

rm
et

hy
la

te
d 

in
 N

M
IB

C
 c

om
pa

re
d 

to
 n

on
ca

nc
er

 
co

nt
ro

ls
 (a

ll 
P

<
0.

00
1)

• 
B

la
dd

er
 

ca
nc

er
 

di
ag

no
si

s

• 
A

ll 
m

ar
ke

rs
 e

xc
ep

t E
O

M
E

S
 w

er
e 

as
so

ci
at

ed
 w

ith
 d

is
ea

se
 re

cu
rr

en
ce

 in
 

un
iv

ar
ia

bl
e 

C
ox

 re
gr

es
si

on
 a

na
ly

se
s 

(a
ll 

P
≤0

.0
15

)

• 
D

is
ea

se
 

re
cu

rr
en

ce

R
op

er
ch

  
et

 a
l. 

(4
2)

• 
S

cr
ee

ni
ng

 fo
r 

ho
ts

po
t 

m
ut

at
io

ns
 o

f F
G

FR
3 

by
 

al
le

le
-s

pe
ci

fic
 P

C
R

• 
FG

FR
3

U
rin

e
• 

16
7 

(d
ia

gn
os

tic
 

co
ho

rt
)

2 
ye

ar
s

67
 (r

an
ge

, 
28

–8
5)

 
ye

ar
s

• 
A

 m
od

el
 in

cl
ud

in
g 

pr
es

en
ce

/a
bs

en
ce

 
of

 F
G

FR
3 

m
ut

at
io

n,
 th

e 
C

M
I o

f t
he

 
th

re
e 

m
ar

ke
rs

, a
ge

, a
nd

 s
m

ok
in

g 
st

at
us

 re
ac

he
d 

an
 A

U
C

 o
f 0

.9
6 

an
d 

a 
N

P
V

 o
f 9

9.
6%

 fo
r 

bl
ad

de
r 

ca
nc

er
 

di
ag

no
si

s 
an

d 
an

 A
U

C
 o

f 0
.8

4 
an

d 
a 

N
P

V
 o

f 9
7.

0%
 fo

r 
di

se
as

e 
re

cu
rr

en
ce

• 
B

la
dd

er
 

ca
nc

er
 

di
ag

no
si

s

• 
Q

ua
nt

ifi
ca

tio
n 

of
 

m
et

hy
la

tio
n 

le
ve

ls
 b

y 
qu

an
tit

at
iv

e 
m

ul
tip

le
x 

m
et

hy
la

tio
n-

sp
ec

ifi
c 

P
C

R

• 
H

S
3S

T2
 

• 
S

LI
T2

 
• 

S
E

P
TI

N
9

• 
15

8 
(fo

llo
w

-
up

 c
oh

or
t)

• 
R

is
k 

st
ra

tif
ic

at
io

n

T
ab

le
 1

 (c
on

tin
ue

d)



65Translational Andrology and Urology, Vol 8, No 1 February 2019

  Transl Androl Urol 2019;8(1):61-75tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

T
ab

le
 1

 (c
on

tin
ue

d)

S
tu

dy
 a

nd
 

re
fe

re
nc

e
P

ur
po

se
 a

nd
 m

et
ho

ds
G

en
es

/v
ar

ia
nt

s 
of

 
in

te
re

st
C

lin
ic

al
 

sa
m

pl
es

N
um

be
r 

of
 

pa
tie

nt
s

Fo
llo

w
-u

p
A

ge
M

ai
n 

st
ud

y 
fin

di
ng

s
C

lin
ic

al
  

en
dp

oi
nt

s

S
hi

nd
o 

 
et

 a
l. 

(4
3)

• 
Q

ua
nt

ifi
ca

tio
n 

of
 

m
et

hy
la

tio
n 

le
ve

ls
 o

f 
a 

pa
ne

l o
f m

ic
ro

R
N

A
 

ge
ne

s 
by

 b
is

ul
fit

e 
py

ro
se

qu
en

ci
ng

• 
m

iR
-9

-3
 

• 
m

iR
-1

24
-2

 
• 

m
iR

-1
24

-3
 

• 
m

iR
-1

37

U
rin

e
13

2
34

2 
(m

ea
n;

 
ra

ng
e,

 
0–

63
2)

 
da

ys

72
±

10
.7

 
ye

ar
s

• 
M

et
hy

la
tio

n 
le

ve
ls

 o
f a

 p
an

el
 o

f 
m

ic
ro

R
N

A
 g

en
es

 (i
.e

., 
an

 M
-S

co
re

 ≥
3)

 
w

er
e 

as
so

ci
at

ed
 w

ith
 b

la
dd

er
 c

an
ce

r 
di

ag
no

si
s 

(P
=

0.
02

8)
 a

nd
 d

is
ea

se
 

re
cu

rr
en

ce
 (P

=
0.

02
6)

 in
 m

ul
tiv

ar
ia

bl
e 

an
al

ys
es

• 
B

la
dd

er
 

ca
nc

er
 

di
ag

no
si

s 
(“

cu
rr

en
t 

re
cu

rr
en

ce
”)

• 
G

en
er

at
in

g 
a 

sc
or

e 
(“

M
-S

co
re

”)
 to

 
de

te
rm

in
e 

th
e 

nu
m

be
r 

of
 m

et
hy

la
te

d 
ge

ne
s 

an
d 

th
e 

cl
in

ic
al

ly
 m

os
t 

us
ef

ul
 c

ut
of

f

• 
D

is
ea

se
 

re
cu

rr
en

ce
 

(“
la

te
 

re
cu

rr
en

ce
”)

C
M

I, 
cu

m
ul

at
iv

e 
m

et
hy

la
tio

n 
in

d
ex

; 
ct

D
N

A
, 

ci
rc

ul
at

in
g 

tu
m

or
 d

es
ox

yr
ib

on
uc

le
ic

 a
ci

d
; 

d
d

P
C

R
, 

d
ro

p
le

t 
d

ig
ita

l 
p

ol
ym

er
as

e 
ch

ai
n 

re
ac

tio
n;

 F
U

, 
fo

llo
w

-u
p

; 
IQ

R
, 

in
te

rq
ua

rt
ile

 
ra

ng
e;

 N
/A

, n
ot

 a
pp

lic
ab

le
; P

C
R

, p
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n;
 R

N
A

, r
ib

on
uc

le
ic

 a
ci

d.

regulate cell proliferation, differentiation, migration, 
angiogenesis and tumorigenesis (45,46). In a recent 
study, Christensen et al. carried out ddPCR analyses and 
screened ctDNA for these hotspot mutations in urine and 
plasma from NMIBC and MIBC patients undergoing 
radical cystectomy. They demonstrated that high levels 
of ctDNA in serial urine supernatants from the NMIBC 
cohort were associated with later disease progression. In 
the plasma samples, high levels of ctDNA were associated 
with recurrence in patients undergoing radical cystectomy. 
Increased levels of FGFR3 and PIK3CA mutated ctDNA 
in urine and plasma are indicative for later progression 
and metastasis in bladder cancer, and a positive correlation 
of ctDNA levels between urine and plasma was observed. 
However, the associations of urine and plasma ctDNA with 
the patient risk factors were not thoroughly congruent. The 
authors emphasize the observation, that urine supernatant 
ctDNA may also originate from renal clearance of ctDNA 
in the circulation, and consequently, its presence may not 
be bladder cancer specific (39). Kim et al. examined the 
relevance of urine cfDNA levels of topoisomerase 2-alpha, a 
DNA gyrase isoform that plays an important role in the cell 
cycle, as a noninvasive diagnostic marker for bladder cancer. 
Receiver operating characteristics (ROC) curve analysis 
revealed that the area under the ROC curve (AUC) was 
0.701 with a sensitivity of 63%, specificity of 70%, positive 
predictive value of 48% and negative predictive value of 
82% for detecting NMIBC (40).

DNA methylat ion i s  a  common ear ly  event  in 
carcinogenesis and thus may represent a potential risk 
factor. Although epigenetic alterations are not unique 
for one cancer type, there are tumor suppressor genes 
that are frequently methylated and down-regulated in 
bladder cancer (47). In 2005, Friedrich et al. underlined the 
usefulness of gene methylation as a prognostic marker in 
NMIBC patients. They investigated the methylation status 
of a large panel of 20 genes in microdissected tumor samples 
using methylation sensitive real-time PCR. They could 
identify six highly methylated genes (SOCS-1, STAT-1,  
BCL-2, DAPK, TIMP-3, E-Cadherin), that were associated 
with tumor recurrence. In addition, methylation of TIMP-
3 predicted prolonged disease-free survival (48). In 2012, 
Reinert et al. demonstrated that methylation levels of 
cfDNA can also be measured in urine of NMIBC patients. 
They found that methylation levels of EOMES, HOXA9, 
POU4F2, TWIST1, VIM, and ZNF154 in urine specimens 
may be promising diagnostic biomarkers for disease 
surveillance. Performing MethyLight PCR, they detected 
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significant hypermethylation of all six markers in NMIBC, 
achieving sensitivity in the range of 82–89% and specificity 
in the range 94–100%. For the use in disease surveillance, 
the evaluation of cfDNA hypermethylation in urine revealed 
sensitivities of 88–94% and specificities of 43–67% (41).  
Roperch et al. showed that the analysis of the mutation 
status of FGFR3 cfDNA using allele specific PCR combined 
with cfDNA methylation status of HS3ST2, SLIT2 and 
SEPTIN9 in urine improved the risk stratification of 
NMIBC patients, and may be a useful strategy in diagnosis 
and surveillance. Using a logistic regression analysis, they 
found a sensitivity of over 90% and an AUC of over 0.80 
for diagnosis and follow-up (42). Finally, Shindo et al. 
investigated the clinical utility of cfDNA methylation in 
urine for detection of intravesical recurrence of NMIBC 
patients who had undergone transurethral resection. Using 
bisulfite pyrosequencing, they analyzed the methylation 
status of four microRNA genes (miR-137, miR-124-2, 
miR-124-3, and miR-9-3), and found that elevated levels of 
cfDNA methylation in urine are strongly associated with 
later radical cystectomy, and may also be a useful tool for 
detecting and predicting recurrence (43).

CTC

CTC detection techniques
As previously reported (24), CTC are rare cells in the 
peripheral circulation. In consequence, elaborate techniques 
are necessary for the enrichment, detection and analysis 
of CTC. Currently, more than 50 assays are available, 
of which enrichment and detection methods base on 
physical properties, e.g., cell size, plasticity density or 
dielectrophoretic mobility or on antigen expression (49,50). 
Several elaborate reviews addressed specific advantages, 
challenges and future opportunities of different CTC assays 
(50-52). Here, we summarize specifications and differences 
between the currently most relevant CTC platforms.
CellSearch®

Stil l ,  there is  only one standardized platform for 
CTC detection, i.e., the semi-automated CellSearch® 
system, which has been cleared by the Food and Drug 
Administration (FDA) for the analysis of blood from 
patients with metastatic breast, prostate and colorectal 
cancer (50,53-55). With CellSearch®, CTC are enriched 
from venous blood by positive selection using epithelial 
cell adhesion molecule (EpCAM) antibodies coated to 
ferric nanoparticles. Indeed, it was demonstrated that 

96% of bladder tumors in cystectomy specimens express 
EpCAM (56). To identify CTC, the enriched cells will be 
immunostained with anti-keratin antibodies. 4,6-diamino-
2-phenylindole (DAPI) is used for staining of the nuclei 
and of leukocytes are excluded by CD45 positivity. 
Subsequently, an automated fluorescence microscope scans 
selected cells and the presented images are further evaluated 
by experienced tumor-biologists (50). To be classified as 
CTC, selected cells must meet specific morphological 
criteria, including a minimum diameter of 4µm, a round or 
oval shape and a visible nucleus within the cytoplasm (57).  
Numerous studies showed high sensitivity, specificity 
and reproducibility of CTC detection by CellSearch® 
(50,53,58,59). The presence of CTC seems to be associated 
with metastatic disease on FDG-PET-CT imaging  
studies (56). In addition, further phenotypical and molecular 
characterization of CTC has been established (50),  
including analysis of antigens, which might be relevant 
for targeted therapy, e.g., human epidermal growth 
factor receptor (HER2) (12), programmed death ligand-1 
(PD-L1) (60), as well as analyses of transcriptomes  
(61-63) and genomic aberrations using fluorescence in situ 
hybridization (FISH) and/or PCR-based techniques (64-67). 
However, the standardized CellSearch® system implicates 
critical limitations: it is possible that this assay fails to 
detect cells that completely lost EpCAM and/or keratin 
expression, which occurs during epithelial-mesenchymal 
transition (EMT). In UCB and other solid malignancies, 
EMT is essential for the metastatic process (20,25,68). 
Thus, CellSearch® potentially misses parts of the most 
dedifferentiated and—from an oncological perspective—
most interesting cells (57). Thus, assays, which allow 
CTC capturing independent of EpCAM expression may 
be advantageous (69). In addition, it remains a point of 
continuing discussions, whether all selected cells fulfilling 
the criteria for CTC are able to initiate metastasis (57,70). 
CELLection™ Epithelial Enrich Dynabeads®

Corresponding to CellSearch®, CELLection Epithelial 
Enrich Dynabeads® is another EpCAM-dependent assay for 
positive enrichment and detection of CTC. Dynabeads® are 
uniform, super-paramagnetic polymer beads with a diameter 
of 4.5 µm coated with monoclonal EpCAM antibodies. In 
contrast to CellSearch®, captured cells are subsequently 
lysed and analyzed for CD45 and keratin expression 
using reverse transcription-polymerase chain reaction  
(RT-PCR) (21). CTC are defined as keratin-positive cells 
without CD45 expression (71). 



67Translational Andrology and Urology, Vol 8, No 1 February 2019

  Transl Androl Urol 2019;8(1):61-75tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

AdnaTest®

Corresponding to CellSearch® and CELLection, the 
AdnaTest® is an immunological essay, which positively 
captures and selects CTC from peripheral blood (21). In 
contrast to CellSearch® and CELLection, it does not 
rely solely on EpCAM-dependent CTC capture, but on 
various epithelial markers, e.g., EpCAM, epidermal growth 
factor receptor (EGFR) or HER2 by an antibody-mix (anti-
EpCAM, anti-HER2, anti-EGFR) linked to magnetic 
particles (72). Following immuno-magnetic enrichment, 
RT-PCR and multiplex PCR analyze cancer-specific 
transcripts, e.g., EMT-related and tumor stem cell-related 
markers like PI3Kα , TWIST1 AKT2 and ALDH1 (72).  
For a positive CTC status, at least one of the cancer-specific 
transcripts must exceed a pre-defined threshold (21). The 
AdnaTest® has been evaluated and commercialized for 
colon, prostate, ovarian, breast and bladder cancer (72-75).
AccuCyte®-CyteFinder® 
The AccuCyte®-CyteFinder® is an EpCAM-independent 
density-based cel l  separation platform using two 
complementary technologies. The AccuCyte® system uses 
a unique separation tube and collector device to separate 
the buffy coat from red blood cells and plasma. The whole 
buffy coat is completely harvested without cell lysis or 
wash steps, which may cause loss of a relevant number of 
CTC (76). The CyteFinder® is an automated scanning 
digital fluorescent microscope and image analysis system, 
which allows imaging of cells after staining with specific 
antibodies, e.g., anti-EpCAM, anti-EGFR, anti-CD45, anti-
keratin. After definite classification as CTC, the integrated 
CytePicker device is used to retrieve CTC, and these 
cells can be further characterized by genomic analysis (76).  
The AccuCyte®-CyteFinder® has thus far been used for 
detection and characterization of CTC in prostate and 
bladder cancer (69,77).

CTC in NMIBC 
Table 2 presents selected studies on CTC in NMIBC 
treated with TURBT. During TURBT bladder cancer 
cells can be released to the irrigation fluid and urine and 
potentially can be washed out into the blood stream when 
vessels are lanced during resection. TURBT itself might 
cause measurable seeding of CTC into the vascular system 
in patients with muscle invasive and NMIBC (78,83). The 
number of detected CTC was higher in blood withdrawn 
from a venous catheter placed in the inferior cava vein 
compared to blood withdrawn from peripheral veins (78). 

However, the oncologic impact of intra-operatively released 
CTC remains currently undefined. 

Prior to TURBT, CTC are detectable in a relevant 
number of patients with NMIBC. In the majority of 
studies, the presence of CTC was not associated with 
clinico-pathologic characteristics in NMIBC. Using 
the CELLection assay, 44% of 54 patients with pT1  
high-grade UCB had presence of CTC. In total, 92% of 
CTC showed expression of survivin, which was measured 
by RT-PCR. In patients with presence of survivin-
expressing CTC, the intravesical tumor tissue expressed 
survivin in 82% of patients. A positive CTC status was 
an independent risk factor for reduced recurrence-free 
survival in multivariable analysis [odds ratio (OR): 16.7; 
95% confidence interval (CI): 3.6–77.5] (71). A long-term  
follow-up evaluation (median follow-up: 9 years) of this 
cohort corroborated that a positive CTC status was 
associated with decreased recurrence-free survival (CTC+ 
vs. CTC−: 23 vs. 89 months; P value <0.001) (79). 

Other studies using CellSearch® showed that CTC 
were present in 18–20% of patients with NMIBC with a 
mean CTC number of one to 1.5 per 7.5 mL blood. After 
a median follow-up of up to 24 months, a positive CTC 
status was associated with inferior oncologic outcomes, 
i.e., reduced recurrence-free and progression-free survival 
(80,81). The presence of CTC was associated with increased 
tumor stage, since CTC were found in 8 patients (32%) with 
pT1 and in no patients with pTa tumors (80). In addition, 
the presence of CTC was associated with presence of 
carcinoma in situ (CIS), since CTC were found in 5 patients 
(62.5%) with CIS vs. 3 patients (8.3%) without CIS (80).  
Due to the small sample size, multivariable analysis could 
not be performed. However, in Kaplan-Meier analysis 
recurrence-free survival was reduced in patients with 
presence of CTC compared to CTC-negative patients 
(6.5 vs. 21.7 months; P value <0.001) (80). In the currently 
largest prospective study including 102 patients with 
high-risk pT1 bladder cancer treated with TURBT plus 
intravesical BCG immuno-therapy, a positive CTC status 
was associated with several clinico-pathologic characteristics, 
i.e., female gender, a tumor size exceeding 3 cm, presence of 
CIS, tumor multi-focality and presence of lympho-vascular 
invasion (LVI) (81). In multivariable analysis adjusting for 
established outcome prognosticators, the presence of CTC 
was an independent predictor for reduced recurrence-
free survival [hazard ratio (HR): 2.92; 95% CI: 1.38–6.18] 
and the strongest predictor for progression-free survival  
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(HR: 7.17; 95% CI: 1.89–27.21). In addition, a positive 
CTC status had a positive and negative predictive value of 
75% and 93% for disease progression, respectively (81). 

A recent study comparing detection rates of CTC 
between two assays found higher detection rates with 
CELLection  (44.4%) vs.  CellSearch® (19.8%) in 
155 high-risk NMIBC patients treated with TURBT. 
Peripheral blood of 101 patients (65.2%) was analyzed 
with CellSearch®, and of 54 patients (34.8%) with 
CELLection. There was no difference in age, gender, 
presence of CIS, tumor multi-focality and tumor size 
between the CellSearch® group and the CELLection 
group. Both, CTC detected with CELLection vs. 
CellSearch®, had a negative impact on disease recurrence 
and disease progression (82). However, the authors 
concluded that—although comparing reliability and efficacy 
between these two approaches is difficult—CellSearch® 
seems to be more reliable and more efficient to correlate 
with recurrence-free and progression-free survival (82). 
Especially in patients with high-risk NMIBC, CTC may 
therefore be helpful for identifying those patients, who need 
more aggressive treatment, e.g., systemic chemotherapy 
and/or early RC.

In a bladder cancer cohort consisting of 83 patients 
and 29 controls, the AdnaTest® detected CTC in 6.7% of 
patients with NMIBC, 15% of patients with MIBC and 
18.7% of patients with metastatic disease (72). Transcripts 
for the epithelial marker HER2, EMT-related marker 
PI3Kα and tumor stem cell-related marker ALDH1 were 
present in 6.7%, 3.3% and 10% of NMIBC patients, 
respectively (72). The authors concluded that detection 
of stem cell-related as well as EMT-related transcripts in 
patients with missing epithelial transcripts may indicate 
presence of a subgroup of CTC that could be missed by 
epithelial marker-dependent methods (72).

To circumvent EpCAM-dependent selection of CTC, a 
novel method, i.e., selection-free AccuCyte®-CyteFinder® 
system has been described (76). This method allows 
identifying EpCAM-negative as well as EpCAM-positive 
CTC using high throughput imaging without need for an 
initial selection step for CTC capture (69). This platform 
detected CTC in 29 bladder cancer patients with non-
muscle invasive, muscle invasive and metastatic disease (69).  
When applying the definition of CTC as any keratin-
positive and white blood cell marker-negative cell, 25% of 
NMIBC patients had presence of CTC. Interestingly, all 
NMIBC patients with presence of CTC had pT1 disease. 
In contrast, when applying the more rigorous definition of 

CTC with the additional requirement of EpCAM-positivity, 
no CTC were detected in any NMIBC patient (69). Future 
studies are warranted to evaluate the prognostic utility of 
this assay, especially to further characterize the impact of 
CTC without EpCAM expression on survival.

Discussion

Numerous urinary tests (e.g., BTA stat, UroVysion (FISH), 
Immunocyt, NMP22, etc.) have been developed in the 
past, driven by the low sensitivity of urine cytology (2).  
Indeed, there is an urgent need for better prediction of 
individualized outcomes of NMIBC, particularly of disease 
recurrence and progression, but also survival endpoints. 
Currently there are no approved circulating molecular 
biomarkers for use in the clinic to manage UCB, although 
several above mentioned commercially available urinary 
biomarkers have been FDA-approved for NMIBC 
detection and surveillance (84). While some of these mainly 
protein- and DNA-based assays revealed a better sensitivity 
compared to urine cytology, they largely suffer from 
insufficiently low specificity. In consequence, they are not 
routinely recommended by national or European guidelines 
and usually represent costly patient direct payer services. 
Still, it is reasonable using urine as source for liquid 
biomarker analysis as tumor cells may early be released to 
this source during UCB development and at time of local 
recurrence (85). Liquid biopsies represent a non-invasive 
technique detecting prognostic and predictive circulating 
biomarker offering information about molecular and 
phenotypic cancer characteristics. The term “liquid biopsy” 
is commonly used for analysis of blood-based biomarkers 
including CTC and ctDNA, which are released into the 
peripheral blood from the primary tumor and/or metastatic 
deposits (85,86). However, recently investigators extended 
the definition of liquid biopsies also to the urine of NMIBC 
patients, as they developed personalized assays for disease 
surveillance based on individual tumor-specific genomic 
variants (10). In fact, urine represents the most non-invasive 
assessable source for biomarker analyses.

Epitopes and genetic material from UCB can frequently 
be detected in the urine (87). Nevertheless, it is reasonable 
investigating and combining information of circulating 
biomarker from the urine and the blood, as genomic 
characteristics may vary between the primary tumor and 
distant sites (88) and, in addition, may represent different 
clones with variable potential for disease progression and 
metastasis. For these investigations, different circulating 
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biomarker sources may be used: While CTC and ctDNA 
can be detected and analyzed in the peripheral blood 
circulation, in the urine cell-free tumor DNA represents 
the ideal substrate. Different studies demonstrated that 
urinary DNA in UCB patients was highly characteristic for 
DNA derived from tumors (84). The clinical relevance of 
ctDNA in UCB is sustained by its high somatic mutation 
rate, whose detection may be informative for disease 
surveillance at different stages and different times. cfDNA 
from urine had a higher tumor genome border and allowed 
greater detection (90%) of key somatic mutations in than 
cellular DNA from urine (84,89). In addition, the size of 
cfDNA may indicate its source of origin. Apoptotic cells 
produce DNA fragments of 180–200 bp or multiples of this 
unit, whereas necrotic cells release higher molecular-weight 
DNA fragments in size of over 10,000 bp (14). Considering 
its quality, the different cfDNA fragment lengths have 
important implications in the measurement and analysis 
of ctDNA. For example, as reported by Ellinger et al., 
the fragments of mitochondrial DNA (mtDNA) are 
somewhat longer in UCB patients. These researchers 
found that the integrity defined as ratio of mtDNA-220 
to mtDNA-79 fragments was increased in serum of UCB 
patients compared to control subjects and prostate cancer 
patients (90). Indeed, investigations of ctDNA in the blood 
stream as supplement or alternative to urine analyses are of 
particular relevance, as the genomic pool and subsequently 
the tumorbiologic potential may vary between both sources. 
Estimations indicate that a significant amount of up to 
3.3% of tumor DNA is released into the bloodstream 
every day depending on the tumors size (26). The amount 
of ctDNA in the whole pool of cfDNA containing both 
tumor and normal cfDNA may significantly vary from 
0.01% to 50% among cancer patients, and be related to 
tumor size. In MIBC patients, the ctDNA fraction may 
even increase above 50% of cfDNA. In contrast, average 
cfDNA yields in MIBC before therapy seem to be less than 
10 ng per mL of plasma (representing only 1,500 diploid 
genomes) (91). Thus, the levels of cfDNA that correlate 
with changes in tumor burden have a great dynamic range, 
even greater than CTC. In human blood, this cfDNA 
circulates predominantly as nucleosomes (92) whose histone 
modifications may also be tumor-specific (93). From blood, 
cfDNA is removed by the liver and kidney, and its half-life 
is variable ranging from 15 minutes to several hours (26). 

CTC are usually assumed being surrogates for 
micrometastatic disease or minimal residual disease 

(MRD). The risk for development of lymph node or 
distant metastasis is clearly correlated to the tumor stage in 
UCB (94). Indeed, the prognostic value of CTC has been 
demonstrated in MIBC and advanced UCB (12,24,95). In 
muscle-invasive and advanced bladder cancer CTC are 
associated with inferior cancer-specific and overall survival. 
Intuitively it feels reasonable that the presence of CTC 
as micrometastatic disease is associated with these two 
important cancer-related outcomes. Despite overall and 
cancer-specific survival are also relevant in NMIBC, the 
more important outcome endpoints in these early disease 
stages are rather disease recurrence and disease progression. 
Still, CTC represent an interesting circulating biomarker 
also in NMIBC for individually tailored cancer outcome 
prognostication as well as potentially tumor staging (23). 
Interestingly, even in early NMIBC CTC are found in a 
significant number of patients. Of great importance, CTC 
are associated with disease recurrence and progression 
in a couple of studies (80-82). Although the biological 
mechanism between CTC in the peripheral circulation and 
local tumor recurrence in the bladder are inconclusively 
understood today, CTC may contain cell clones of the 
most aggressive tumor parts. These tumor fractions may 
not only have the potential for systemic spread, but also 
harbor the potential for local recurrence and progression. 
In consequence, CTC measurement may help selecting 
patients at highest risk for an inferior course of disease 
and thus who may benefit most from early cystectomy 
or perioperative chemotherapy. However, the scarceness 
and potentially heterogeneous molecular nature of CTC 
requires high-throughput capture/enrichment, detection 
and characterization technologies (21). In general, in non-
metastatic UCB, and particularly NMIBC, the number 
of detected CTC is on average a single cell. Epithelial-
mesenchymal transition (EMT) is frequently observed 
during the metastatic cascade in UCB and is accompanied 
with a loss of EpCAM and/or CK expression (20,25). In 
consequence, common CTC enrichment and enumeration 
platforms including CellSearch® and CELLection® may 
miss CTC after EMT, which might be more common in 
aggressive tumors. In fact, the very low CTC detection 
rate significantly compromises the possibilities of in-depth 
genome analyses. Despite the introduction of several new 
platforms, including flow cytometry-based assays and 
lab-on-a-chip micro fluidic devices, in the last decade 
that tended addressing these limitations (21,70), the low 
sensitivity of all currently available systems remains a 



71Translational Andrology and Urology, Vol 8, No 1 February 2019

  Transl Androl Urol 2019;8(1):61-75tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

serious clinical limitation.
It is crucial to emphasize further important clinical 

limitations among studies on liquid biopsies in NMIBC. 
Most studies are of retrospective nature or it is not entirely 
clear, whether they were conducted pro- or retrospectively 
(71,78,82). In addition, in general the number of included 
patients is relatively low and follow-up is rather short. In 
consequence, the number of events is also low, which may 
have biased results. Of particular importance regarding 
CTC studies, most studies only focused on high risk 
NMIBC subtypes, especially pT1 G3 disease (71,80,82). 
Indeed, these results do not indiscriminately reflect the 
entire biological range of NMIBC and therefore these 
findings cannot be extrapolated to other NMIBC including 
pTa, G1-G3 and CIS, respectively. CTC studies with serial 
measurements following TURBT and/or during intravesical 
instillation therapy are warranted. 

Conclusions

There is a lot of space for improved outcome prognostication 
and optimized patient counselling as well as clinical 
management in NMIBC. Circulating biomarkers including 
ctDNA and CTC represent promising attempts addressing 
these goals. Serial liquid biopsies may be an elegant solution 
for real-time monitoring of early local or distant disease 
recurrence, assessment of therapy effects and potentially 
response, respectively. In addition, circulating biomarker 
are sophisticated tools mirroring the intraindividual 
genetic and epigenetic heterogeneity. However, there is 
only limited evidence on these biomarkers in NMIBC 
today. Although published results are encouraging, their 
nature is preliminary and validation in large cohorts or 
best randomized studies are missing. Despite the inherent 
advantage of non-invasiveness, the low sensitivity of all 
circulating biomarkers is a serious clinical limitation. The 
myriad of technological platforms with different detection 
approaches and low and complicated comparability does not 
facilitate the routine clinical application.   In conclusion, 
today neither CTC nor ctDNA are ready for primetime 
in NMIBC diagnostics and management. The challenging 
development of multiplex platforms capturing various 
circulating biomarkers at once including different fluids 
(i.e., blood and urine) for the purpose of a comprehensive 
circulating biomarker panel, may be an interesting future 
approach establishing a robust, reliable and reproducible 
approach for individual early diagnosis, staging, monitoring, 

and management in NMIBC. 
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