
Original Article

D
ow

nloaded from
 http://journals.lw

w
.com

/cur by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 07/21/2023
Depth of invasion to the bladder wall as a prognostic
factor and its association with circulating cell-free
DNA levels in patients with muscle-invasive
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Abstract
Background: Radical cystectomy (RC) is the standard surgical treatment for patients with muscle-invasive bladder cancer, but the
prognosis is not favorable, and new prognostic factors need to be discovered. We investigated the potential of depth of invasion
(DOI) as a prognostic factor in patients with muscle-invasive bladder cancer who underwent RC. Furthermore, we examined the asso-
ciation between preoperative levels of circulating cell-free DNA and DOI.
Materials and methods: We retrospectively reviewed patients who underwent RC between January 2007 and December 2017; those
who received neoadjuvant chemotherapywere excluded. Depth of invasionwasmeasured using hematoxylin-eosin–stainedRC specimens.
Results:Of the 121 patients selected, 41 (33.9%) were eligible for analysis. Themedian follow-up periodwas 14months andmeanDOI
was 17 mm (range, 2–75 mm). Long DOI (>17 mm) was significantly associated with shorter progression-free survival (hazard ratio,
14.5; 95% confidence interval, 3.9–53.97, p < 0.0001) and cancer-specific survival (hazard ratio, 18.97; 95% confidence interval,
4.04–88.99, p = 0.0002) compared with short DOI. Multivariate analysis revealed that DOI was an independent risk factor for
cancer-specific survival. The levels of circulating cell-free DNA were significantly higher in patients with a longer DOI than in those with
short DOI (65 vs. 20 ng/mL, respectively; p = 0.028).
Conclusions: Depth of invasion predicted with levels of circulating cell-free DNA and thus could be a useful prognostic factor.

Key words: Bladder cancer; Depth of invasion; Cell-free DNA
1. Introduction

Bladder cancer (BC) is the 10th most common form of cancer
globally, with 549,393 new cases and 199,922 BC-related deaths
reported in 2018.[1] It has traditionally been classified as
nonmuscle-invasive BC (NMIBC) or muscle-invasive BC (MIBC),
according to the invasion of the muscularis propria. Radical
cystectomy (RC) is the standard surgical treatment for patients
with MIBC.[2] Although the 5-year overall survival rate after RC
can be as high as 80% in lymph node-negative and organ-confined
disease (pT2N0M0), the rate decreases to 40% in patients with
extravesical extension of the bladder wall (pT3) and to 15%–35%
in those with lymph node involvement.[3,4] The primary reason for
poor survival rates in patientswith locally advancedMIBC is the pres-
ence of micrometastases at the time of RC, which cannot be detected
*Corresponding Author: Kiyohide Fujimoto, Department of Urology, Nara Medical
University, 840 Shijo-cho, Nara 634-8522, Japan. E-mail: kiyokun@naramed-u.ac.jp
(K. Fujimoto).

Current Urology, (2023) 00, Issue, 00–00

Received March 7, 2022; Accepted November 15, 2022.

http://dx.doi.org/10.1097/CU9.0000000000000193

Copyright © 2023 The Authors. Published by Wolters Kluwer Health, Inc. This is
an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially without permission
from the journal.

1

using preoperative imaging.[5] These findings suggest that the ex-
tended use of neoadjuvant or adjuvant systemic chemotherapy
should be considered in patients with advancedMIBC to eradicate
micrometastases.
Currently, the TNM staging system, which is based on tumor in-

vasion, lymph node involvement, and distant metastasis, is com-
monly used to predict cancer-specific survival (CSS) in patients
with BC.[6,7] However, the predictive value of the T category is in-
consistent because BC often shows heterogeneous behavior. There-
fore, other clinically availablemarkers have been explored to better
predict postoperative outcomes. Recently, it was reported that
depth of invasion (DOI) in oral cancer is a useful predictor of
CSS by improving the T staging system.[8] No studies have re-
ported the clinical significance of DOI in BC.[7,9]

Circulating cell-free DNA (cfDNA) in serum, which was discov-
ered as early as in 1948,[10] is the fragmented DNA originating
from cancer cells through the processes of necrosis and apopto-
sis.[11] In 1977, Leon et al.[12] observed that comparedwith healthy
individuals, patients with cancer had increased levels of circulating
cfDNA in the serum, indicating the potential of cfDNA as a diag-
nostic and monitoring marker during cancer treatment. Wang
et al.[13] reported that circulating cfDNA levels in blood and urine
have the potential to be useful for the early diagnosis of BC. Cur-
rently, no study has investigated the association between DOI in
RC specimens and circulating cfDNA levels.
In this study, we investigated the potential of DOI to the bladder

wall as a prognostic factor in patients with MIBC who underwent
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RC.Moreover, we examined the association between preoperative
circulating cfDNA levels in serum and DOI.
2. Materials and methods
2.1. Patient selection
We retrospectively reviewed the medical charts of 121 patients who
underwent RC between January 2007 and December 2017 at Nara
Medical University. Among them, 65 patients who received neoadju-
vant chemotherapy were excluded. Of the remaining 56 patients, 8
with pathological T0 and 7 with pathological T1 were also excluded
because theirDOI could not be analyzed. Ultimately, 41 patientswere
included in the analysis (Fig. 1). This studywas approved by theNara
Medical University Ethics Committee (reference ID: 1256). Written
informed consent was obtained from all the participants.

2.2. Quantification of the DOI in surgical specimens
Two investigators (S.F. and T.F.) independently reviewed the path-
ological specimens obtained by RC. The distance from the bladder
mucosa to the invasion front of cancer cells was examined in RC
specimens and defined as DOI (Fig. 2). Two values from the inde-
pendent observations were averaged and considered as the DOI.

2.3. Quantification of the levels of circulating cfDNA
Before transurethral resection of the bladder tumor, bloodwas col-
lected in serum-separating tubes and centrifuged at 3000g for
10 minutes. Serum samples were stored at −80°C until analysis.
For use, initially, the serum samples were thawed gradually on ice
and, then, 0.5 mL of serum per patient was subjected to cfDNA ex-
traction usingXCF™COMPLETEExosome and cell-freeDNA Iso-
lationKit (SystemBiosciencesCo, PaloAlto, CA).Circulating cfDNA
levelswere quantified usingAccuBlueHigh Sensitivity dsDNAQuan-
titation Kit (BiotiumCo software, Fremont, CA). Circulating cfDNA
levels were expressed in nanograms of DNA per 1 mL of serum (in
nanograms permilliliter). Serum samples obtained frompatientswith
Ta NMIBC were used as noninvasive controls (DOI = 0).

2.4. Follow-up after RC
The follow-up schedule in this study was in accordance with the
European Association of Urology Guidelines. Briefly, a computed
tomography scanwas performed every 3–6months for initial 3 years,
and annually thereafter. The period from RC to progression and
Figure 1. Flowchart of the selection process of the study population. Out of a total
December 2017 at the Nara Medical University, 65 patients who received neoadjuv
T0 and 7 with pathological T1 were also excluded as the depth of invasion could not b
patients, 9 patients had their levels of circulating cell-free DNA measured, and they were

2

death from BC was calculated as the time to progression-free sur-
vival (PFS) and CSS. Progression was defined as extraurinary re-
currences, such as local recurrence and distant metastasis.

2.5. Statistical analysis
The Mann-Whitney and Fischer exact tests were used to examine
the relationship between DOI and circulating cfDNA levels. The
Kaplan-Meier analysis followed by the log-rank test was performed
to examine whether DOI was associated with PFS and CSS. A
subanalysis was similarly performed for the pT2-T3 and pT3-T4
groups.Multivariate logistic regressionmodels were used to identify
the independent risk factors. Statistical analyseswere performedusing
SPSS II for Windows (version 26 J; SPSS, Inc, Chicago, IL). Figures
were generated using GraphPad Prism 7.0 (GraphPad Software,
Inc, La Jolla, CA). A p < 0.05 was considered statistically significant.
3. Results
3.1. Patient characteristics and the relationship with DOI
Patient characteristics are shown in Table 1. The median patient
age was 72 years. The median follow-up duration was 14 months,
during which progression was observed in 21 patients (51.2%),
and 11 patients (26.8%) died of cancer. As the median DOI was
17 mm, we compared the clinicopathological factors between the
long DOI group (>17 mm) and the short DOI group (≤17 mm),
demonstrating that the former was associated with a higher pT
stage, lower rate of concomitant carcinoma in situ, and positive
surgical margin. Subgroup analyses were performed for pT2-T3
(24 patients) and pT3-T4 (31 patients). The median DOI was 11
and 18 mm for the pT2-T3 and pT3-T4 groups, respectively.

3.2. Association of DOI with oncological outcomes
We examined whether DOI was associated with PFS and CSS in the
overall population of patients with MIBC using Kaplan-Meier sur-
vival analysis. The long DOI was significantly associated with a
shorter PFS (Fig. 3A; hazard ratio [HR], 14.5; 95%confidence inter-
val [CI], 3.9–53.97, p < 0.0001) and CSS (Fig. 3B; HR, 18.97; 95%
CI, 4.04–88.99, p = 0.0002) compared with the short DOI group.
Furthermore, the subgroup analysis of organ-confined MIBC (pT2
and pT3) demonstrated that the long DOI group had significantly
shorter PFS (Fig. 3C; HR, 2.13; 95% CI, 0.52–8.69, p = 0.049),
but not CSS (Fig. 3D; HR, 1.41; 95% CI = 0.19–10.29, p = 0.74).
of 121 patients who underwent radical cystectomy between January 2007 and
ant chemotherapy were excluded. Of the remaining patients, 8 with pathological
e analyzed. Ultimately, a total of 41 patients were included in the analysis. Of the 41
examined together with four pathological Ta patients as a combined control group.

http://www.currurol.org


Figure 2. Representative pictures for measuring the depth of invasion. Depth of invasion was measured using the hematoxylin-eosin-stained radical cystectomy
specimens. The distance from the bladder mucosa to the tumor invasion front was measured and defined as DOI. If there is a transurethral resection scar, the
location of the original mucosa is predicted from the adjacent normal mucosa and measured. (A) A 73-year-old man, pT4, DOI 12 mm. (B) A 69-year-old man, pT3,
DOI 15 mm. DOI = depth of invasion.
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The subgroup analysis ofmore extensiveMIBC (pT3 and pT4) dem-
onstrated that the long DOI group had significantly shorter PFS
(HR, 8.45; 95% CI, 2.57–27.79, p = 0.0004) and CSS (HR,
10.82; 95%CI, 2.48–47.22, p = 0.0015) than short DOI group did.

3.3. Multivariate analysis for CSS
Multivariate analysis of 5 factors (hemoglobin, C-reactive protein,
positive surgical margin, lymph node status, adjuvant chemother-
apy, andDOI) was used to identify factors that were significantly as-
sociated with CSS in BC. Depth of invasion was an independent risk
factor for CSS (Table 2; HR, 8.36; 95%CI, 1.32–52.78, p = 0.024).

3.4. Relationship between the DOI and the levels of
circulating cfDNA
Circulating cfDNA levels were available for 9 patients with MIBC
and 4 patients with TaNMIBC. Therefore, the relationship between
DOI and circulating cfDNA levels was examined in 13 patients with
BC. The mean circulating cfDNA level was 29 ng/mL. The DOI of
3

Ta NMIBC was set to 0 mm. Circulating cfDNA levels were signif-
icantly higher in patients with long DOI than in those with short
DOI (≤17 mm, 20 ng/mL vs >17 mm, 65 ng/mL; p = 0.028; Fig. 4).
4. Discussion

In the management of MIBC, many predictors of poor outcomes,
such as age, sex, performance status, preoperative low hemoglo-
bin, C-reactive protein, neutrophil-lymphocyte ratio, pathological
T stage, lymph nodemetastasis, lymphovascular invasion, and tumor
growth pattern, have been used.[14–21] In this study, we investigated
the DOI in chemotherapy-naive RC specimens from 41 patients with
MIBC. To the best of our knowledge, this is the first study to analyze
DOI in patients with MIBC.
A previous study reported that the DOI of oral cancer is an inde-

pendent predictor of CSS inmultivariable analyses.[8] In BC, theNa-
tional Comprehensive Cancer Network dose distinguishes between

http://www.currurol.org


Table 1

Clinicopathologic characteristics of the patients.

Variables Total (n = 41) DOI ≤ 17 mm (n = 23) DOI > 17 mm (n = 18) p

Age, median (range) 72 (52–88) 73 (60–84) 71 (52–88) 0.48*
Sex 0.74†

Male 35 20 15
Female 6 3 3

Intravesical chemo- and/or immunotherapy prior to RC 0.68†
No 33 18 15
Yes 8 5 3

Pathologic tumor stage 0.0069†
pT2 10 9 1
pT3 14 9 5
pT4 17 5 12

Pathologic tumor grade 0.37†
Low 1 1 0
High 40 22 18

Concomitant carcinoma in situ 0.013†
Absent 31 14 17
Present 10 9 1

Variant histology 0.9†
Absent 30 17 13
Present 11 6 5

Lymphovascular invasion 0.68†
Absent 8 5 3
Present 33 18 15

Microvessel invasion 0.19†
Absent 11 8 3
Present 30 15 15

Lymph node status 0.84†
pN0 28 16 12
pN1–3 13 7 6

Tumor budding 0.57†
Absent 18 11 7
Present 23 12 11

Positive surgical margin 0.001†
Absent 34 23 11
Present 7 0 7

Adjuvant chemotherapy 0.77†
No 31 17 14
Yes 10 6 4

DOI, mm <0.001*
Median (range) 17 (2–75) 10 (2–17) 23.5 (18–75)
Mean (SD) 16.98 (± 12.73) 9.3 (± 3.8) 26.78 (± 13.39)

*Man-Whitney U test.
†χ2 test or Fisher exact test.
DOI = depth of invasion; RC = radical cystectomy; SD = standard deviation.
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pT2a and pT2b, and it is believed that a longDOImay be associated
with prognosis, although the quantification is difficult. Regarding
BC, a long DOI was found to increase the risk of cancer infiltration
into the surrounding organs and distant metastasis. Thus, the DOI
combinedwith pathological T stage could help predict the outcomes
of patients after RC. Subgroup analysis of the pT2-T3 and pT3-T4
groups showed the prognostic value of DOI, suggesting a potential
for a postoperative risk stratification tool in clinical practice.

The presence of circulating cfDNA fragments in human blood
was first discovered in 1948.[10] In 1977, a study found that com-
pared with healthy individuals, patients with cancer had increased
levels of total cfDNA in the serum, showing the potential for ther-
apeutic evaluation.[12]

Several studies have reported higher levels of circulating cfDNA
in the plasma and serum of patients with various tumor entities such as
ovarian cancer,[22] breast cancer,[23] lung cancer,[24] prostate cancer,[25]

and renal cell carcinoma.[26] In addition, many studies have shown
4

that circulating cfDNA in urine has potential value in BC screen-
ing.[27] At the end of the 1980s, Stroun et al.[28] described that at
least part of the circulating free DNA in the plasma of cancer pa-
tients was derived from cancer cells. In 1991, DNA-bearing TP53
mutations were found in the urinary sediments of patients with
MIBC, paving the way for the use of genomics in liquid biopsies.[29]

Studies based on mutated KRAS sequences in plasma have con-
firmed the tumor origin of mutant cfDNA.[30] Mutated genes in
the plasmawere subsequently proposed to represent tumormarkers,
and the term “circulating tumor DNA (ctDNA)” was coined. Re-
garding ctDNA detection in patients with BC, several studies have
focused on the detection of different DNA alterations in liquid bi-
opsy samples to identify predictive biomarkers. In this study, circu-
lating cfDNA levels were significantly higher in patients with long
DOI. This made it possible to predict DOI by measuring the levels
of circulating cfDNA preoperatively, suggesting its potential in
predicting prognosis in patients with MIBC. We hypothesized that

http://www.currurol.org


Figure 3. Progression-free survival and cancer-specific survival according to depth of invasion. Progression-free survival and CSS were estimated using the
Kaplan-Meier method. Patients with long DOI (>17 mm) are significantly associated with poor PFS and CSS (A, B). In pT2, T3 patients with long DOI (>11 mm) are
significantly associated with poor PFS (C, D). PFS = progression-free survival; CSS = cancer-specific survival; DOI = depth of invasion.
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cancer infiltrationmay cause the destruction of normal cells, leading
to increased cell death and a subsequent increase in circulating
cfDNA levels in serum.
This study has several limitations. First, this was a retrospective

analysis, thus, a potential selection bias is inevitable. Second, blood
samples of only few patients were available. Therefore, it was not
possible to investigate the relationship between circulating cfDNA
levels and patient prognosis. However, this study suggests that it
could be used to predict prognosis by demonstrating the relation-
ship between circulating cfDNA levels and DOI.
Table 2

Multivariate analysis for cancer-specific survival.

Variables HR 95% CI p

Hb < 12, g/dL 1.45 0.15–3.24 0.64
CRP > 0.5, mg/dL 3.71 0.61–22.37 0.15
Positive surgical margin 0.7 0.11–4.65 0.72
Lymph node status 1.19 0.52–2.74 0.68
Adjuvant chemotherapy 0.52 0.11–2.42 0.41
DOI > 17 (mm) 8.36 1.32–52.78 0.024

Hb = hemoglobin; CI = confidence interval; CRP = C-reactive protein; DOI = depth of invasion; HR = haz-
ard Ratio.

Figure 4. Relationship between levels of circulating cfDNA and DOI. The Mann–-
Whitney test was used to examine the relationship between DOI and circulating
cfDNA levels. Levels of circulating cell-free DNA are significantly higher in
patients with long DOI than in those with short DOI. cfDNA = cell-free DNA;
DOI = depth of invasion.
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Third, this case group had an extremely poor prognosis because
neoadjuvant chemotherapy was not administered. Therefore,
there may have been a slight difference from the current clinical
case group. Lastly, we were only able to evaluate the levels of
circulating cfDNA in this study. Measuring levels of circulating
cfDNA concentration is clinically simple and can be easily performed;
however, it has not been qualitatively evaluated and has limitations.

This study proved that patients with a long DOI had a poor out-
come and showed the possibility of predicting it by measuring the
preoperative levels of circulating cfDNA. Therefore, it is necessary
to consider additional treatments, such as adjuvant chemotherapy,
for patients with long DOI. In addition, when the preoperative
levels of circulating cfDNA of the patients are high, the prognosis
is predicted to be poor; therefore, it can be considered as an indica-
tor for neoadjuvant chemotherapy.
5. Conclusions

Depth of invasion is a useful prognostic predictor and may be pre-
dicted bymeasuring preoperative levels of circulating cfDNA in the
serum. To the best of our knowledge, this is the first report to show
an association between DOI and prognosis in patients with MIBC
after RC.

Acknowledgments

The authors thank all patients who participated in this study for
their important contributions.

Statement of ethics

This study was approved by the Nara Medical University Ethics
Committee (reference ID: 1256). Written informed consent was
obtained from all the participants. All procedures performed in this
study involving human participants were in accordance with the
ethical standards of the institutional and national research commit-
tee and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Conflict of interest statement

The authors declare that they have no conflicts of interest.

Funding source

This study was funded by JSPS KAKENHI, Grant Number:
16K20159 and 26861290; Nara Medical University Grant-in-Aid
for the Collaborative Research Projects.

Author contributions

YI, MM, KF: Made the conceptualization of this study and wrote
the original manuscript;
YI, SF, TF, SO, YM, YN, KT, NT: Contributed to the acquisition
of patients’ data;
YI, SH: Performed the statistical analysis;
KF: Performed the critical review of the original draft.
All authors read and approved the final version of manuscript.

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;
68(6):394–424.
6

[2] MiyakeM,Owari T,Hori S, Nakai Y, FujimotoK. Emerging biomarkers for
the diagnosis and monitoring of urothelial carcinoma. Res Rep Urol 2018;
10:251–261.

[3] Quek ML, Stein JP, Clark PE, et al. Natural history of surgically treated
bladder carcinoma with extravesical tumor extension. Cancer 2003;98(5):
955–961.

[4] Shariat SF, Karakiewicz PI, Palapattu GS, et al. Outcomes of radical
cystectomy for transitional cell carcinoma of the bladder: A contemporary
series from the Bladder Cancer Research Consortium. J Urol 2006;
176(6 Pt 1):2414–2422.

[5] AlfredWitjes J, Lebret T, Compérat EM, et al. Updated 2016 EAUguidelines
on muscle-invasive and metastatic bladder cancer. Eur Urol 2017;71(3):
462–475.

[6] Delahunt B, Egevad L, Samaratunga H, et al. UICC drops the ball in the
8th edition TNM staging of urological cancers. Histopathology 2017;
71(1):5–11.

[7] Tilki D, Reich O, Karakiewicz PI, et al. Validation of the AJCC TNM
substaging of pT2 bladder cancer: Deep muscle invasion is associated
with significantly worse outcome. Eur Urol 2010;58(1):112–117.

[8] International Consortium for Outcome Research (ICOR) in Head and
Neck Cancer; Ebrahimi A, Gil Z, et al. Primary tumor staging for oral
cancer and a proposed modification incorporating depth of invasion: An
international multicenter retrospective study. JAMA Otolaryngol Head Neck
Surg 2014;140(12):1138–1148.

[9] Jahr S, Hentze H, Englisch S, et al. DNA fragments in the blood plasma of
cancer patients: Quantitations and evidence for their origin from apoptotic
and necrotic cells. Cancer Res 2001;61(4):1659–1665.

[10] van Rhijn BW, van der Kwast TH, Alkhateeb SS, et al. A new and highly
prognostic system to discern T1 bladder cancer substage. Eur Urol 2012;
61(2):378–384.

[11] Pölcher M, Ellinger J, Willems S, et al. Impact of the menstrual cycle on
circulating cell-free DNA. Anticancer Res 2010;30(6):2235–2240.

[12] Leon SA, Shapiro B, Sklaroff DM, Yaros MJ. Free DNA in the serum of
cancer patients and the effect of therapy.Cancer Res 1977;37(3):646–650.

[13] WangXS,ZhaoMQ,Zhang L, et al. Cell-free DNA in blood and urine as a
diagnostic tool for bladder cancer: Ameta-analysis.Am J Transl Res 2018;
10(7):1935–1948.

[14] KangM,KimHS, JeongCW,KwakC,KimHH,Ku JH. Prognostic factors
for conditional survival in patients withmuscle-invasive urothelial carcinoma
of the bladder treated with radical cystectomy. Sci Rep 2015;5:12171.

[15] Hinata N, Miyake H, Miyazaki A, Nishikawa M, Tei H, Fujisawa M.
Performance status as a significant prognostic predictor in patients with
urothelial carcinoma of the bladder who underwent radical cystectomy.
Int J Urol 2015;22(8):742–746.

[16] Türkölmez K, Tokgöz H, Reşorlu B, Köse K, Bedük Y. Muscle-invasive
bladder cancer: Predictive factors and prognostic difference between primary
and progressive tumors. Urology 2007;70(3):477–481.

[17] Sejima T, Morizane S, Yao A, et al. Prognostic impact of preoperative
hematological disorders and a risk stratification model in bladder cancer
patients treated with radical cystectomy. Int J Urol 2014;21(1):52–57.

[18] Nakagawa T, Hara T, Kawahara T, et al. Prognostic risk stratification of
patients with urothelial carcinoma of the bladder with recurrence after
radical cystectomy. J Urol 2013;189(4):1275–1281.

[19] Yei S, Bartholomew RM, Pezzoli P, et al. Novel membrane-bound GM-CSF
vaccines for the treatment of cancer: Generation and evaluation of
mbGM-CSF mouse B16F10 melanoma cell vaccine. Gene Ther 2002;9(19):
1302–1311.

[20] Zhang X, Shi X, Li J, et al. A novel therapeutic vaccine of mouse GM-CSF
surface modified MB49 cells against metastatic bladder cancer. J Urol
2012;187(3):1071–1079.

[21] MorizawaY,MiyakeM, ShimadaK, et al. Neutrophil-to-lymphocyte ratio
as a detection marker of tumor recurrence in patients with muscle-invasive
bladder cancer after radical cystectomy. Urol Oncol 2016;34(6):257.
e11–257.e17.

[22] Cheng X, Zhang L, Chen Y, Qing C. Circulating cell-free DNA and
circulating tumor cells, the “liquid biopsies” in ovarian cancer. J Ovarian
Res 2017;10(1):75.

[23] Lin Z, Neiswender J, Fang B, Ma X, Zhang J, Hu X. Value of circulating
cell-free DNA analysis as a diagnostic tool for breast cancer: A meta-
analysis. Oncotarget 2017;8(16):26625–26636.

[24] Gautschi O, Bigosch C, Huegli B, et al. Circulating deoxyribonucleic acid
as prognostic marker in non-small-cell lung cancer patients undergoing
chemotherapy. J Clin Oncol 2004;22(20):4157–4164.

[25] Ellinger J, Haan K, Heukamp LC, et al. CpG island hypermethylation in
cell-free serum DNA identifies patients with localized prostate cancer.
Prostate 2008;68(1):42–49.

http://www.currurol.org


Iemura et al. � Volume 00 � Issue 00 � 2023 www.currurol.org

D
ow

nloaded from
 http://journals.lw

w
.com

/cur by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 07/21/2023
[26] de Martino M, Klatte T, Haitel A, Marberger M. Serum cell-free DNA in renal
cell carcinoma: A diagnostic and prognostic marker.Cancer 2012;118(1):82–90.

[27] Casadio V, Calistri D, Tebaldi M, et al. Urine cell-free DNA integrity as a
marker for early bladder cancer diagnosis: Preliminary data. Urol Oncol
2013;31(8):1744–1750.

[28] Stroun M, Anker P, Maurice P, Lyautey J, Lederrey C, Beljanski M.
Neoplastic characteristics of the DNA found in the plasma of cancer
patients. Oncology 1989;46(5):318–322.

[29] SidranskyD,Von EschenbachA, et al. Identification of p53 genemutations
in bladder cancers and urine samples. Science 1991;252(5006):706–709.
7

[30] Sorenson GD, Pribish DM, Valone FH, Memoli VA, Bzik DJ, Yao SL.
Soluble normal and mutated DNA sequences from single-copy genes in
human blood. Cancer Epidemiol Biomarkers Prev 1994;3(1):67–71.
How to cite this article: Iemura Y, Miyake M, Fukui S, Fujii T, Ohnishi S,
Hori S, Morizawa Y, Nakai Y, Torimoto K, Tanaka N, Fujimoto K. Depth
of invasion to the bladder wall as a prognostic factor and its association with
circulating cell-free dna levels in patientswithmuscle-invasive bladder cancer.
Curr Urol 2023;00(00):00–00. doi: 10.1097/CU9.0000000000000193

http://www.currurol.org

