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Background: Cell-free DNA (cfDNA) is proposed to be a valuable source of biomarkers in liquid biopsies for
various diseases as it is supposed to partially originate from tumor cells. However, data about the diagnostic
implications of cfDNA in urine for the detection of bladder cancer (BCa) is sparse.

Methods: We evaluated the usability of urinary cfDNA for diagnostic purposes compared to urine sediment DNA
(sDNA) in 53 BCa patients and 36 control subjects by analyzing two abundant point-mutations (C228T/C250T)
in the TERT promoter using Next-Generation Sequencing.

Results: Mutations were detected in 77% of the urinary sDNA compared to 63% of the ¢cfDNA samples. Moreover,
the TERT mutation allele frequencies (MAF) were highly correlated in ¢fDNA and sDNA. In comparison, the
accuracy of the TERT assay was higher in SDNA (84%) compared to cfDNA or voided urine cytology (both 77%).
Interestingly, MAFs from leukocyte-rich urines were higher in c¢fDNA than in sDNA, indicating a diagnostic
advantage of cfDNA in such urines.

Conclusions: Urine-based mutation detection has the ability to augment and surpass voided urine cytology as the
current gold-standard for the non-invasive detection and surveillance of BCa. The analysis of cell-free DNA
provides no general diagnostic advantage compared to urine sediment DNA.

1. Introduction

The goal of many urine-based tests for the diagnosis of primary and
recurrent bladder cancer (BCa) is the substitution of flexible cystoscopy
as an invasive and costly standard diagnostic procedure with < 100%
accuracy [1]. Diagnostic tests for the mutation assessment in urine are
typically based on urine sediment DNA (sDNA). Advancements in DNA
isolation and novel methods such as next-generation sequencing (NGS)
also allow the sensitive detection of mutations in cell-free DNA (cfDNA)
isolated from urine supernatant. Initial findings supported the hy-
pothesis that urinary cfDNA is enriched with circulating tumor DNA
(ctDNA) in urological cancer patients and may hence improve the

sensitivity of current urine-based assays [2,3]. In BCa, TERT promoter
mutations have been identified as the most common recurrent altera-
tion with significance for patient survival and disease recurrence [4].
The detection of TERT mutations in BCa patients was already demon-
strated in both sDNA [5,6] and cfDNA extracted from urine [7,8]. In
order to better understand factors associated with the usability of ur-
inary cfDNA and sDNA as substrates for the detection of BCa, we sys-
tematically evaluated these DNA-sources based on the detection of
TERT promoter mutations, related to clinical and histopathological
parameters such as tumor stage and mass, multifocality, as well as on
numbers of leukocytes and bacterial load in urine.
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2. Material and methods
2.1. Patients

A total of 89 patients and control subjects were enrolled between
February 2016 and September 2017. All participants provided written
informed consent prior to study entry. The study was approved by the
institutional review board of the Medical Faculty of the Technische
Universitiat Dresden (EK194092004 & EK96032012). 71 patients were
admitted for cystoscopy to the Department of Urology of the University
Hospital Dresden to rule out BCa due to the occurrence of hematuria
and/or suspicions cystoscopy or imaging findings. Of these, 53 patients
were histopathologically positive for BCa and 18 patients were negative
(noBCa) and allocated to the control group. Furthermore, a second
control group comprising 18 patients with urolithiasis was included to
increase statistical validity for SDNA and cfDNA analysis. Urolithiasis
can be accompanied by hematuria similar to BCa wherefore this con-
dition might serve as suitable control. Demographic characteristics and
pathological findings of patients and control subjects are shown in
Supplementary Table 1.

2.2. Processing of urine and biopsy samples

Patients with suspicion of BCa underwent standard urological eva-
luation including cystoscopy and voided urine cytology (VUC). Detailed
descriptions of all methods for processing of urine and biopsy samples
are shown in Supplementary Data 1. Briefly, spontaneous urine samples
were collected before any intervention. The presence of erythrocytes,
leukocytes and bacteria was assessed by urine test strip analysis and by
routine microscopic analysis of the sediment. A VUC specimen was
prepared according to standard procedures. After centrifugation of the
remaining urine, the supernatant and the cellular pellet were stored at
—80 °C until processing. From all eligible formalin-fixed paraffin-em-
bedded (FFPE) transurethral resections of the bladder (TUR-B) samples
(n = 50) a fresh hematoxylin and eosin-stained reference section was
re-reviewed by an experienced pathologist (US). The stratification of
tumor grades and stages was done according to the WHO classification
from 2004 [9] and the TNM classification from 2011 [10]. Tumor stage,
grade and cell content of all 50 eligible tumor samples and 8 additional
histopathologically tumor-free samples are provided in Supplementary
Table 3.

2.3. DNA isolation and quantification

Isolation of cfDNA from frozen urine supernatants was carried out
with the QIAamp viral RNA Mini kit (Qiagen, Germany). Corresponding
sDNA and FFPE-DNA from tumor tissues were isolated using standard
procedures (Supplementary Data 1). Resulting DNA was quantified by a
B-globin-specific quantitative PCR.

2.4. PCR amplification and sequencing of the TERT promoter region

The TERT promoter was analyzed for two C > T transition muta-
tions (chr.5 1,295,228/C228T and chr.5 1,295,250/C250T) according
to optimized conditions for the NGS-based detection of low-level point
mutations as described previously [11] and in Supplementary Data 1.
Briefly, a nested PCR procedure was used to amplify the proximal TERT
promoter covering nucleotide positions chr5:1295228C > T and
1,295,250C > T (hgl9) referred to as C228T and C250T. All primer
sequences and PCR conditions are given in Supplementary Data 1. After
purification and quantification, barcoded PCR products were sequenced
unidirectionally on an Ion Torrent PGM semiconductor-based device
(Life Technologies). Data were analyzed using the Torrent Suite Soft-
ware version 3.2 and the Torrent Variant Caller plugin and alignment to
the hgl9 human reference genome (http://genome.ucsc.edu/). Ac-
cording to false-positive rates, NGS-based ctDNA detection was
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conducted with a defined cut-off of 0.4% for the C250T and 0.75% for
the C228T mutations. Mutation allele frequencies (MAFs) below the
predefined thresholds were considered as wild-type. To assess differ-
ences in cfDNA concentrations and MAFs, the non-parametric two-
tailed Mann Whitney U test was applied. All calculations were per-
formed with Prism 5 (GraphPad, San Diego, USA) and SPSS Statistics 25
(IBM, New York, USA).

3. Results and discussion

Urinary cfDNA could be extracted from samples with median cfDNA
yields of 3.6, 2.8 and 14.7 ng c¢fDNA per ml urine supernatant for the
noBCa, urolithiasis and BCa groups, respectively. Compared to all
control groups cfDNA amounts were significantly enriched in BCa
samples with tumor stage pT1 and =pT2 (p < 0,001), but not with
tumor stage pTa (Supplementary Fig. 1/Supplementary Table 2). In
total, 83 of 89 (93%) urine samples (52/53 BCa and 31/36 control
samples) allowed cfDNA yields above 1 ng DNA and could be analyzed.
From the respective 50 eligible FFPE tumor tissues, 43 were positive for
one of the two typical TERT promoter mutations (86%) (Supplementary
Table 3). This is in the range of frequencies previously reported for
TERT promoter mutations in BCa (65-86%) [4,12]. Of the corre-
sponding 52 urine samples, the two mutations were detected in 40
sDNA (77%) and 33 cfDNA samples (63%), respectively. The compar-
ison of the detected MAFs in urine and tissue samples showed high
concordance rates of the FFPE tumor tissue with urinary sDNA (88%)
and cfDNA (78%), as well as between urinary cfDNA and sDNA (82%),
pointing to a good overall concordance of the DNA profiles in the dif-
ferent substrates (Supplementary Fig. 3). In the control group one of the
15 urolithiasis samples was C228T-positive in sSDNA, but not in cfDNA
(Fig. 1). Additionally, the C228T mutation was detectable in the FFPE-
DNA of three noBCa samples, but not in urine. It could not be clarified,
whether these patients developed BCa later. Likewise, TERT mutations
were already detected in urine-DNA of patients without clinical evi-
dence of BCa [1,12]. The role of TERT mutations as early event in ur-
othelial neoplasia and their potential relevance as biomarkers for early
disease detection was reported previously [4]. Generally, detection of
TERT mutations in cfDNA and sDNA was consistent (rs = 0.675;
p < 0.001), confirming recent reports on a positive correlation be-
tween tumor content in the two types of DNA [8]. The resulting MAFs
of samples positive for one of the TERT mutations were applied as a
measure for the relative proportion of tumor-derived cfDNA and sDNA.
The MAFs of the combined TERT mutations ranged between 2.2% and
71.3% (median = 23.4%) in cfDNA and between 1.5% and 77.3%
(median = 24.7%) in sDNA. Initial studies indicated that urinary cfDNA
may represent an improved resource for genomic profiling, due to a
higher tumor genome burden and key genomic biomarkers, respec-
tively, compared to cellular sDNA [2,3]. Our data did not indicate a
significant enrichment of ctDNA in cfDNA compared to sDNA in urine
samples (Fig. 1/Supplementary Figs. 2 & 3). However, in line with
previous findings [8,13], the proportion of ctDNA showed a slight, but
insignificant trend to increase with tumor grade and tumor stage
(Fig. 1), but it did not correlate with tumor mass or multifocality
(Supplementary Fig. 4). Interestingly, in contrast to the general trend,
DNA extracted from leukocyte-rich urines (> 50 cells/ul) showed
higher median MAFs in cfDNA than in sDNA, indicating a potential
diagnostic advantage of cfDNA in such urine samples due to dilution
effects within the cellular fraction (Fig. 1). However, differences were
not statistically significant due to small number of patients (n = 8) in
this subgroup and confirmation in a larger cohort is clearly needed.
Overall diagnostic sensitivity of our TERT assay was 0.77 in sDNA
(Table 1), which is comparable (0.80) [5] or superior (0.55 and 0.62)
[6,12] to sensitivities recently reported for the detection of TERT mu-
tations in urine sediment. In contrast, sensitivity was lower using cfDNA
and VUC. Specificity of the TERT assay was very high with 0.97 and
1.00 in sDNA and cfDNA, respectively, compared to 0.93 for VUC.
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Fig. 1. Detection of the TERT mutations C228T and C250T in urinary sDNA and cfDNA.
A) Overview (percentage and total number) of the detected TERT promoter mutations C228T and C250T, as well as wildtype (WT) promoters in SDNA and cfDNA

samples per group.
noBCa: histopathologically unconfirmed BCa suspicion.

B) Spearman's rank correlation coefficient (rs) between MAFs of the TERT promoter mutations C228T (blue) and C250T (red) in urinary sDNA and cfDNA from BCa
patients. Samples were sequenced with a median coverage of 25,238 reads (range 10,693-97,893).

C) MAFs of TERT-mutated samples in sDNA and cfDNA from BCa patients in dependence on tumor stage, tumor grade and leukocyte number in urine samples.
Leukocyte number (in cells/ul) was available for only 51 of the 52 tumor-derived urine samples. MAF distributions are shown in dot plots with median values and
interquartile range as horizontal lines. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
Diagnostic performance of the TERT assay in cfDNA and sDNA in comparison to
VUC.

TERT assay vucC

sDNA cfDNA
Sensitivity 0.77 0.63 0.67
Specificity 0.97 1.00 0.93
PPV 0.98 1.00 0.95
NPV 0.71 0.62 0.62
PLR 23.85 NA 10.10
nLR 0.24 0.37 0.35
Accuracy 0.84 0.77 0.77

Sensitivity, specificity, positive and negative predictive value (PPV, NPV), po-
sitive and negative likelihood ratio (pLR, nLR) and accuracy are given for the
TERT assay for all analyzed urine samples in comparison to voided urine cy-
tology (VUC). The best overall values are marked in bold. Values were calcu-
lated according to standard statistical methods.

Finally, the accuracy of the TERT assay in sDNA was clearly higher
(84%) compared to cfDNA or to voided urine cytology (both 77%)
(Table 1). Presumably, the slightly lower diagnostic performance of the
mutation assay in cfDNA was partially due to the lower cfDNA
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extraction yields compared to sDNA. Although median concentrations
of sDNA and cfDNA were in the same order of magnitude in urine
(42.8 ng SDNA/ml vs 14.68 ng cfDNA/ml for the BCa group), extraction
yields of both substrates differed considerably due to different urine
volumes used for extraction of cfDNA (median = 280 pl urine super-
natant according to vendors recommendations) and sDNA
(median = 33 ml of total urine). Accordingly, median extraction yields
of sDNA significantly exceeded yields of cfDNA (~10 to 100-fold).
Assuming a similar tumor content in both substrates (Fig.1), higher
yields of sDNA used for PCR amplification will automatically correlate
with higher numbers of mutant molecules that can potentially be de-
tected. Isolation of cfDNA remains challenging and needs further opti-
mization and probably larger urine volumes. In addition, the use of
sDNA may be favorable in clinical settings due to advantages with re-
spect to costs and sample processing. The TERT assay could play a role
in the non-invasive detection and surveillance of BCa, especially if the
evidence for a relation between TERT promoter mutations and prog-
nosis [7] should be affirmed.

4. Conclusions

The detection of TERT mutations is feasible in urinary cfDNA, but it
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provides no general advantage for the non-invasive detection of BCa
compared to the use of sSDNA. However, the analysis of cfDNA might
provide advantages in patients with urinary infections or other reasons
of leukocytes in the urine. In general, the performance of the TERT
assay is superior compared to VUC. Further studies with larger cohorts
of patients are needed to confirm the diagnostic performance of the
TERT assay and to determine the potential to surpass voided urine cy-
tology for the non-invasive detection of bladder cancer.

Conflicts of interest

CT is CEO and co-owner of AgenDix GmbH, a company performing
molecular diagnostics. The remaining authors declare no conflict of
interest.

Acknowledgments

We thank the Tumor and Normal Tissue Bank of the Universitéts
KrebsCentrum Dresden for providing the bladder tissue samples.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.clinbiochem.2018.11.009.

References

[1] C.M. Dahmcke, K.E. Steven, L.K. Larsen, A.L. Poulsen, A. Abdul-Al, C. Dahl,

P. Guldberg, A prospective blinded evaluation of urine-DNA testing for detection of
urothelial bladder carcinoma in patients with gross hematuria, Eur. Urol. 70 (2016)
916-919.

S.Y. Lin, J.A. Linehan, T.G. Wilson, D.S.B. Hoon, Emerging utility of urinary cell-
free nucleic acid biomarkers for prostate, bladder, and renal cancers, Eur. Urol.
Focus 3 (2017) 265-272.

F.S. Togneri, D.G. Ward, J.M. Foster, A.J. Devall, P. Wojtowicz, S. Alyas,

F.R. Vasques, A. Oumie, N.D. James, K.K. Cheng, M.P. Zeegers, N. Deshmukh,

[2]

[3]

63

[4

[5

[6]

[7

[8

[9

[10]

[11]

[12]

[13]

Clinical Biochemistry 64 (2019) 60-63

B. O'Sullivan, P. Taniere, K.G. Spink, D.J. McMullan, M. Griffiths, R.T. Bryan,
Genomic complexity of urothelial bladder cancer revealed in urinary cfDNA, Eur. J.
Hum. Genet. 24 (2016) 1167-1174.

1. Kinde, E. Munari, S.F. Faraj, R.H. Hruban, M. Schoenberg, T. Bivalacqua, M. Allaf,
S. Springer, Y. Wang, L.A.Jr. Diaz, K.W. Kinzler, B. Vogelstein, N. Papadopoulos,
G.J. Netto, TERT promoter mutations occur early in urothelial neoplasia and are
biomarkers of early disease and disease recurrence in urine, Cancer Res. 73 (24)
(2013) 7162-7167.

F. Descotes, N. Kara, M. Decaussin-Petrucci, E. Piaton, F. Geiguer, C. Rodriguez-
Lafrasse, J.E. Terrier, J. Lopez, A. Ruffion, Non-invasive prediction of recurrence in
bladder cancer by detecting somatic TERT promoter mutations in urine, Br. J.
Cancer 117 (4) (2017) 583-587.

D.G. Ward, L. Baxter, N.S. Gordon, S. Ott, R.S. Savage, A.D. Beggs, J.D. James,

J. Lickiss, S. Green, Y. Wallis, W. Wei, N.D. James, M.P. Zeegers, K.K. Cheng,
G.M. Mathews, P. Patel, M. Griffiths, R.T. Bryan, Multiplex PCR and next generation
sequencing for the non-invasive detection of bladder cancer, PLoS ONE 11 (2)
(2016) e0149756.

K. Birkenkamp-Demtroder, 1. Nordentoft, E. Christensen, S. Hgyer, T. Reinert,

S. Vang, M. Borre, M. Agerbak, J. Bjerggaard Jensen, T.F. @rntoft, L. Dyrskjot,
Genomic alterations in liquid biopsies from patients with bladder cancer, Eur. Urol.
70 (2016) 75-82.

1.J. Russo, Y.W. Ju, N.S. Gordon, M.P. Zeegers, K.K. Cheng, N.D. James, R.T. Bryan,
D.G. Ward, Toward personalised liquid biopsies for urothelial carcinoma:
Characterisation of ddPCR and urinary cfDNA for the detection of the TERT 228
G > A/T mutation, Bladder Cancer 4 (1) (2018) 41-48.

J.N. Eble, G. Sauter, J.I. Epstein, I.A. Sesterhenn, World health organization clas-
sification of tumours, Pathology and Genetics of Tumours of the Urinary System and
Male Genital Organs, IARC Press, Lyon, 2004.

L.H. Sobin, M.K. Gospodarowicz, C. Wittekind, TNM Classification of Malignant
Tumours, seventh ed., Wiley-Blackwell, Hoboken, New Jersey, 2011.

S. Stasik, C. Schuster, C. Ortlepp, U. Platzbecker, M. Bornhduser, J. Schetelig,

G. Ehninger, G. Folprecht, C. Thiede, An optimized targeted next-generation se-
quencing approach for sensitive detection of single nucleotide variants, Biomol.
Detect. Quantif. 15 (2018) 6-12.

Y. Allory, W. Beukers, A. Sagrera, M. Flandez, M. Marqués, M. Marquez, K.A. van
der Keur, L. Dyrskjot, I. Lurkin, M. Vermeij, A. Carrato, J. Lloreta, J.A. Lorente,
E. Carrillo-De Santa Pau, R.G. Masius, M. Kogevinas, E.W. Steyerberg, A.A.G. van
Tilborg, C. Abas, T.F. Orntoft, T.C.M. Zuiverloon, N. Malats, E.C. Zwarthoff,

F.X. Real, Telomerase reverse transcriptase promoter mutations in bladder cancer:
High frequency across stages, detection in urine, and lack of association with out-
come, Eur. Urol. 65 (2) (2014) 360-366.

D.G. Ward, R.T. Bryan, Liquid biopsies for bladder cancer, Transl. Androl. Urol. 6
(2) (2017) 331-335.


https://doi.org/10.1016/j.clinbiochem.2018.11.009
https://doi.org/10.1016/j.clinbiochem.2018.11.009
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0005
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0005
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0005
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0005
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0010
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0010
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0010
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0015
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0015
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0015
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0015
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0015
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0020
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0020
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0020
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0020
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0020
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0025
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0025
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0025
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0025
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0030
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0030
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0030
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0030
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0030
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0035
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0035
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0035
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0035
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0040
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0040
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0040
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0040
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0045
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0045
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0045
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0050
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0050
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0055
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0055
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0055
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0055
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0060
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0065
http://refhub.elsevier.com/S0009-9120(18)30948-2/rf0065

	Evaluation of TERT promoter mutations in urinary cell-free DNA and sediment DNA for detection of bladder cancer
	Introduction
	Material and methods
	Patients
	Processing of urine and biopsy samples
	DNA isolation and quantification
	PCR amplification and sequencing of the TERT promoter region

	Results and discussion
	Conclusions
	Conflicts of interest
	Acknowledgments
	Supplementary data
	References




