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Table S1. Description of the studies regarding c¢fDNA in liquid biopsies as potential biomarker for bladder cancer.
Liquid le Vol d cfDNA
Reference N 1.qu1 Samp. € o.ume ande Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
Unspecified volume of urine Development of a novel cf-
Zhao et al. 2020 47 BC patients . superna.tant A Fell—free s1ngle—molecule 1.m1que 22-gene .targeted SUPER technology which .
[1] 53 controls Urine Magnetic Serum/Plasma DNA primer extension resequencing sequencing panel  detects cfDNA point mutations
Maxi Kit (Tiangen Biotechnology, (cf-SUPER) technology (uriprier panel) of cfDNA with diagnostic and
China) staging purposes
Cohort 1:
74 BC patients . TERT promoter and FGFR3
52 controls (benign . ..
hematuria) 12 mL urine supernatant hotspot mutation analysis in
Hayashi et al. . € supet . ., ddPCR TERT promoter urinary ¢fDNA by ddPCR
Cohort 2: Urine QIAamp Circulating Nucleic Acid . .
2020 [2] . o . and FGFR3 combined with cytology has a
40 BC patients, 36 Kit (Qiagen, Hilden, Germany) . .
. higher sensitivity than when
patients under . . .
. combined with UroVysion
surveillance after
surgery
8 mL plasma .
. . . The size-separated cfDNA was
QIAamp Circulating Nucleic . .
. o profiled on a LabChip GX .
Acids Kit (Qiagen) . After any kind of trauma,
Henriksen et al Using dual-sided selection with (PerkinElmer, Waltham, MA, c¢fDNA concentration increases,
" 47 MIBC patients Plasma 8 USA) and quantified using the N/A ’

2020 [3]

SPRI beads, cfDNA was separated
in two fractions with short (< 1
kb) and long (> 1 kb) DNA
fragments, respectively

high-sensitivity QuantiT dsDNA
assay (Invitrogen, Carlsbad, CA,
USA)

but not ctDNA, which remains
similar to pre-operative levels
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Liqui le Vol fDNA
Reference N 1.qu1d Samp. € o.ume and ¢ Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
Correlation for most
FAM19A4, GHSR,  methylation markers studied
15 mL uri DNA methylati lysis af
Hentschel et al. 14 urothelial BC . > - hrne supe?rnata.nt ,N m ethy atlo.n anaiysis @ ter MAL, PHACTR3,  between urine cfDNA and
. Urine QuickDNA™ Urine Kit (Zymo bisulfite conversion by multiplex .
2020 [4] patients PRDM14, SSTand  cellular DNA and tissue
Research, Orange, CA, USA) qMsP . . .
ZIC1 specimen, being greater in
cellular DNA
WGS libraries generated with the Differences in the cumulative
Ilumina TruSeq Nano DNA genomic profile observed
. . Unspecified volume of plasma Library Prep Kit (Illumina, San between patients with upper-
Pal et al. 2020 [5] 67 BC p‘atleths' with Plasma QIAamp Circulating Nucleic Acid Diego, California) 600-gene pan- tract urothelial carcinoma and
oral Infigratinib . cancer panel
Kit (Qiagen) 600-gene pan-cancer panel on an BC
Ilumina HiSeq 2500 System Phase-2 clinical trial of
(umina) Infigratinib (BGJ398)
ified vol f uri Identification of a 5- 1
Unspecified volume of urine NGS-based ofDNA allelic entification of a 5-genes pane
92 BC patients Urine supernatant and plasma molecule-counting system termed for urine cfDNA (TERT, FGFR3,
Ou et al. 2020 [6] P GenMag Circulating Nucleic Acid &5y 48-genes panel TP53, PIK3CA, and KRAS) to
33 controls Plasma ) . the ¢fDNA barcode-enabled . . .
Kit (GenMag Biotechnology, . identify BC patients from
. single-molecule test (cfBEST) . .
Beijing, China) hematuria patients
Unspecified volume of urine
supernatant
ZYMO Quick-DNA Urine Kit
Original cohort: (D3061, Zymo Research)
65 UC patients cfDNA was size selected with 0.6
95 controls AMPure XP beads (Beckman Development of UCdetector
Ge et al. 2020 [7] Validation cohort: Urine Coulter) to remove large'D'NA CNAs screening pr().flle by sWGS N/A based on a CNAs profile after
CNA data from 410 fragments, and the remaining UCdetector to identify CNAs . .
o screening using sWGS
UCBs from The supernatant was purified by 0.3
Cancer Genome beads to enrich the fragments
Atlas with a range of approximately 100

to 300 base pairs (bp) to create
libraries, which were sequenced
on a HiSeq 10 system
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Liqui le Vol fDNA
Reference N 1.qu1d Samp.e o.ume and ¢fDN Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
Genomic alterations detected in
Unspecified volume, sent to 73-gene most advanced urothelial
Grivas et al. 2020124 advanced UC Guardant Health (Redwood City, & . carcinoma patients, results
. Blood . unknown sequencing panel 1
[8] patients CA, USA) for cfDNA analysis (Guardant360) comparable with tissue
(Guardant360) Alterations in BRCA1 and RAF1
have negative prognostic value
1 mL urine supernatant IQGAP3/BMP4 High IQGAP3/BMP4 ratio in
103 NMIBC . . . . and urine cfDNA was associated
Xuetal. 2019 [9] patients Urine (QQIiAanrlSk gel extraction kit aPCR IQGAP3/FAM107A with worse recurrence-free and
J ratios progression-free survival
Development of a 23-genes
panel which contains the most
Unspecified volume of urine frequent SMs in BCs patients
Ward et al. 2019 261 BC patients Urine supernatant Sequencing performed by a 23- A 23-cenes panel Those SMs were reliably
[10] with SMs Quick-DNA Urine kits (Zymo genes panel 8 P detected in both urine ¢fDNA
Research) and cellular DNA and
comparable to those present in
tumour tissue
Design of the ITO-MIL method,
. DNA quantified by adding the a selective method with the
Commercially o . s .
Emaus et al. . Unspecified volume of plasma DNA-enriched MIL to the qPCR ability to rapidly
available Plasma . . KRAS
2019 [11] . ITO-MIL buffer to streamline the extraction preconcentrate target DNA
lyophilized plasma . .
procedure from diluted plasma, to isolate
ctDNA from clinical samples
ctDNA analysis can identify
. patients with metastatic relapse
Plasma multiplex-PCR NGS . o
A median of 7.5 mL of plasma Sequencing performed in an after cystectomy with a 100%
68 patients with : P 1 &P 34 DNA damage sensitivity and 98% specificity,

Christensen et

al2019p12]  \ocallyadvanced - Plasma

BC

(range: 1-10 mL)
QIAamp Circulating Nucleic Acid
kit (Qiagen)

Ilumina HiSeq 2500 (Illumina)
Missense mutations analyzed
using PolyPhen2 and
MutationAssessor

response (DDR)-
associated genes

and its dynamics during
chemotherapy were associated
with disease recurrence
Pathologic downstaging was
associated with some mutations




Cancers 2021, 13

S4 of S11

Liqui le Vol fDNA
Reference N 1.qu1d Samp.e o.ume and ¢fDN Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
10 mL urine supernatant . A combination of methylome
Samples were supplemented with
1 and CNAs were able to detect
15 mL 6 mol/L guanidine . e
. . . BC with a sensitivity of 93.5%
thiocyanate (Sigma—Aldrich) and o
. . (84.2% for low-grade non-
1 mL resin (Wizard Plus qPCR muscle invasive BC) and a
h 1.201946 B i Mini DNA Purificati
Cheng et al. 201946 BC patients Urine inipreps DNA Puri 1(:,at10n sWGS-bisulfite sequencing of N/A specificity of 95.8%, and
[13] 39 controls System; Promega, Madison, WI, . .
urinary ¢fDNA reflected stage and tumour size
USA) . .
. MIBC was associated with a
The resin-DNA complex was . .
. . higher proportion of long
isolated, washed and eluted using
. iy cfDNA, as well as longer
the Wizard Plus Minipreps DNA
L ctDNA fragments
Purification System
Analysis of TERT promoter and
FGFR3 hotspot mutations in
153 BC patients, A median of 12 mL urine cfDNA is sensible enough to be
Hayashietal. including 56 upper- Urine supernatant (range 4-32 mL) 4dPCR TERT promoter used in clinical practice and, in
2019 [14] tract urothelial QIAamp Circulating Nucleic Acid and FGFR3 combination with cytology,
carcinoma patients Kit (Qiagen) could be used to diagnose and
stage upper-tract urothelial
carcinoma
li h -
L. plasma dentied difirences in GONA
do Nascimento GFXTM kit (Amersham concentrations from blood and
Alves et al. 2019 30 BC patients Plasma Pharmacia Biotech, Inc, Z-scan and spectrophotometry N/A . .
[15] Piscat NJ, USA) urine of BC patients and
scataway, =, controls, as well as a differences
over time
cfDNA seems to provide no
Unspecified volume of urine advant'age in diagnostic
Stasik et al. 2019 53 BC patients supernatant potential compared to DNA
’ P Urine P qPCR and sequencing TERT promoter found in urine sediment when

[16] 36 controls

QIAamp viral RNA Mini kit
(Qiagen)

analysing two abundant point-
mutations (228C>T/250C>T) in
the TERT promoter
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Liqui le Vol fDNA
Reference N Bigsg Is;:ir:izn I((,iltn[i}:e?ind cfDN Detection Method Genes Studied! Clinically Relevant Findings
Screening cohort: The ratios IQGAP3/BMP4 and
40 BC a%ients ’ IQGAP3/FAM107A in cf DNA
Xuetal 2019 41 congols 1 mL urine supernatant Seven candidate were significantly increased in
- ’ . Urine QIAquick gel extraction kit qPCR . BC patients compared with
[17] Validation cohort: . genes-ratios . .
149 BC patients (Qiagen) those with hematuria, so they
195 confrols could be used as non-invasive
urine-based diagnostic markers
Target gene captured with
i lemi ARID1A, PIK3CA
2—4 mL urine supernatant :;stztrzfeif;i?tes and a Celemics FGER3 I/-IR A;C " The genetic alterations found in
Lee et al. 2018 . . MagMax Cell-Free DNA Isolation & P . . ! ! cfDNA and derived from
9 BC patients Urine . . . e NGS performed withthe Illumina ~ KMT2D, RB1,
[18] Kit (Thermo Fisher Scientific, . exosomes are comparable those
Waltham, MA, USA) NextSeq. 500 platform (Illumina)  TP53, KDM6A and found in tumour samples
’ ! sWGS was used for the detection ~ STAG P
of CNV
Development of standardised
urine collection tubes to
PCR prevent cfDNA degradation
q . and maintain urine cells in their
. cfDNA fragments distribution . .
1.8 mL urine supernatant was analyzed by Agilent 2200 original form during the
Li et al. 2019 [19] 24 BC patients Urine MagMAXT Cell-Free DNA and the frequency of specific / ACTB (ACTB41 sample collection process,
' Isolation kit (Applied Biosystems . <y and ACB-127) ensuring stabilization of the
. mutations of urinary system . . .
Inc., Foster City, CA, USA) . original proportion and
disease was detected by NGS ) . .
integrity of urine cfDNA, and
method L
minimising the background
noise caused by urinary cellular
DNA releasing
ctDNA VAF reduction in time
1 mL ol (after Durvalumab treatment)
- p asma . . . seems to be related to reduction
QIAamp Circulating Nucleic Acid
. . . NGS-based 73- of tumour volume, longer
Raja et al. 2018 29 UC patient Pl Kit (Qiagen) NGS-based 73-genes panel 1 on-f d 1
[20] patients asma Concentrated using Agencourt (Guardant360) genes pane progression-iree and oveta
(Guardant360) survival, and may be a

Ampure XP beads (Beckman
Coulter, Brea, CA, USA)

predictor of long-term benefit
from immunotherapy in BC
patients
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Liqui le Vol fDNA
Reference N 1.qu1d Samp. € o.ume and ¢fDN Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
Levels of IQGAP3 in urine
. 92 BC patients 1 mL urine supernatant cfDNA of BC patients were
K 1. 201 DC20, IQGAP.
im et al. 2018 120 healthy controlsUrine QIAamp Circulating Nucleic Acid RT-qPCR CcDC20, IQGAPS, significantly higher than those
[21] . . . TOP2A, UBE2C ) .
with hematuria Kit (Qiagen) in healthy controls or patients
with hematuria
The genomic profile of
metastatic urothelial carcinoma
i 1.5-5 mL pl
369.metastat1c ue 55 mL plasma . NGS-based 73- was similar in cfDNA and
Agarwal etal. patients (294 Concentrated and size-selected . .
Blood . Guardant360 platform gene panel tissue specimens
2018 [22] mLTUC and 75 using Agencourt Ampure XP (Guardant360) The frequency of genomic
mUTUC) beads (Beckman Coulter) [23] .q . y' 'g
alterations is similar between
mLTUC and mUTUC patients
The TERT 228 G>A/T mutation
was counted along with the WT
10 mL urine supernatant gene and in patients containing
R t al. 201 TERT 228 G>A/T
usso etal. 2018 104 BC patients Urine Quick-DNA Urine kit (D3061, ddPCR . 8G>A/ that mutation in their tumours
[24] mutation .

Zymo Research) as well as in cell pellet, and the
detection in urine had a 92% of
sensitivity

o Development of an optimized
Christensen et Unspecified volume of plasma 51-genes panel targeted NGS targeted NGS approach (51-
65 BC patients Plasma QIAsymphony Circulating NA kit (Validation of targeted NGS by 51-genes panel & PP
al. 2018 [25] . genes panel) of cfDNA from
(Qiagen) ddPCR)
plasma
Birkenkamp- o ddPCR after WES for identifying CfDNAf analysis allons early
. . Plasma Unspecified volume of plasma . PIK3CA and detection of metastatic relapse
Demtroder et al. 26 MIBC patients . . an adequate number of mutations e .
Urine and urine FGFR3 and indications of treatment

2018 [26]

for ctDNA screening

response
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Reference N Ll,quld Samp.le Vo?ume and cfDNA Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
2 mL serum
2 mL plasma
QiAmp DNA Blood Mini kit
(Qiagen)
QiAmp Circulating Nucleic Acid MLPA only detected CNVs in
Soave et al. 2017 . Serum kit (Qiagen . . cfDNA extracted from serum
[27] 85 BC patients Plasma Nugleogpin) Plasma XS kit CNVidentified by MLPA 49 genes using the PME free-circulating
(Macherey Nagel, Diiren, DNA Extraction kit
Germany)
PME free-circulating DNA
Extraction kit (Analytik Jena,
Germany)
The distribution of all
alterations found was
51 BC patients Up to 6 mL plasma . . L. consistent with previous
Vandekerkhove (inclucﬁng 37 with Plasma Ciiculating ilucleic Acids kit Sequencing with a combination of 50 BC driver genes studies in localifed MIBC. Also,

et al. 2017 [28]

Casadio et al.
2017 [2912

Christensen et
al. 2017 [30]

Togneri et al.
2016 [31]

metastatic disease)

52 BC patients?

46 symptomatic
patients?

32 controls?

363 NMIBC
patients

468 BC patients
undergoing radical
cystectomy

Urine

Urine
Plasma

23 BC patients

12 controls Urine

(Qiagen)

1 mL urine supernatant
Qiamp DNA minikit (Qiagen)

2.5-4.5 mL urine

2.5-4.5 mL plasma
QIASymphony Circulating NA
kit (Qiagen)

Unspecified volume of urine
supernatant

Urine DNA Isolation Kit (Slurry
Format; Norgen Biotek
Corporation, Thorold, ON,
Canada)

WES and targeted sequencing

qPCR

ddPCR

OncoScan assay for the
identification of CNAs, loss of
heterozygosity and recurrent
clinically actionable SMs

c-Myc, BCASI,
HER2 and AR

FGFR3 and
PIK3CA hotspot
mutations

BRAF, KRAS,
EGFR, IDH]1,
IDH?2, PTEN,
PIK3CA, NRAS
and TP53

anovel FGFR3 gene fusion was
identified in consecutive
samples from one patient
Urine cfDNA integrity analysis
is a new, non-invasive method
for early diagnosis of BC and
prostate cancer

Increased levels of FGFR3 and
PIK3CA mutated DNA in urine
and plasma are indicative of
later progression and
metastasis in BC

SMs are reliably detected in
urine cfDNA

cfDNA seems to have higher
analytical sensitivity for
detection of clinically
actionable genomic aberrations
than cellular DNA
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Liqui le Vol fDNA
Reference N 1.qu1d Samp. € o.ume and ¢ Detection Method Genes Studied! Clinically Relevant Findings
Biopsy Isolation Kit Used
The expression of urine TopollA
83 BC patients . c¢fDNA in BC patients was
Kim et al. 2016 54 non-malignant 1 mL urine supernatant significantly higher than in
’ . & . Urine QIAquick gel extraction kit qPCR TopolIA & yus .
[32] hematuric patients . controls and hematuria
(Qiagen) . . .
61 controls patients. It was also higher in
MIBC than in NMIBC
Development of one to six
personalized assays per patient
They used 3 different methods to for surveillance using genomic
identify genomic variants in variants in ctDNA from plasma
Birkenkamp- 12 NMIBC patients Anaverage of 2.2:mL plasma liquid biopsies and matchin and urine
B P p Plasma An average of 3.4 mL urine q Ap & ARID1A, RBM10, .
Demtroder et al. (6 progressive and . . . .. tumour tissue: WGS, WES and ctDNA can be detected in
Urine QIAsymphony Circulating NA kit . . VCAN and KLF3 . .
2016 [33] 6 recurrent) (Qiagen) mate-pair sequencing, and plasma and urine, even in
8 monitored the somatic variants by NIBC patients, with high levels
ddPCR of tDNA detectable before
progression, especially in urine
samples
2 mL urine Development of a method to
Brisuda et al. 66 BC patients Urine QIAamp Circulating Nucleic Acid  qPCR GAPDH discriminate between BC

2016 [34] 34 controls

Kit (Qiagen)

patients and controls by
quantification of urine cfDNA

! When a panel of genes has been employed, these have not been detailed not to overexpand. 2 The methodology of this study was detailed in a previously article from the
same group, which is not included in the table on its own because it was published earlier than 2015 [35]. Abreviations: aUC, advanced urothelial carcinoma; BC, bladder
cancer; CNAs, copy number alterations; cfDNA, cell-free DNA; ctDNA, circulating tumor DNA; ddPCR, Droplet Digital polymerase chain reaction; MIBC, muscle invasive
bladder cancer; mLTUC, lower tract metastatic urothelial carcinoma; mUC, metastatic urothelial carcinoma; mUTUC, metastatic upper tract urothelial carcinoma; PCR,
polymerase chain reaction; qPCR, real time polymerase chain reaction; UC, urothelial carcinoma; WES, whole exome sequencing; WGS, whole genome sequencing; sWGS,

shallow whole genome sequencing.
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