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Abstract: Background: Neurogenic lower urinary tract dysfunction requires lifelong surveillance
and management for the perseveration of patients’ quality of life and the prevention of significant
morbidity and mortality. Urine biomarkers are an attractive noninvasive method of surveillance
for these patients. The aim of this systematic review is to search for and critically appraise studies
that investigate the clinical usefulness of urine biomarkers in the management of neurogenic lower
urinary tract dysfunction (NLUTD) in adults. Methods: This review was conducted according
to PRISMA and MOOSE guidelines. Search strategy included PubMed, CENTRAL, and Scopus
(until October 2022). Studies investigating potential urine biomarkers for the management of adults
with NLUTD were included. Results: Fifteen studies fulfilled the criteria. To date, a variety of
different urine molecules have been investigated for the diagnosis and management of neurogenic
overactive bladder and detrusor overactivity (nerve growth factor, brain-derived neurotrophic
factor, prostaglandin E2, prostaglandin F2α, transformation growth factor β-1, tissue inhibitor
metalloproteinase-2, matrix metalloproteinase-2, substance P, microRNA), diagnosis of vesicoureteral
reflux (exosomal vitronectin), urinary tract infection (neutrophil gelatinase-associated lipocalin,
interleukin 6) and bladder cancer screening (cytology, BTA stat, survivin) in neurological patients.
Conclusion: Further studies are needed to specify the utility of each molecule in the management
algorithm of adult NLUTD.

Keywords: neurogenic lower urinary tract dysfunction; neurogenic bladder; urine biomarkers

1. Introduction

A biomarker is traditionally defined as any biological parameter that can be measured
objectively and evaluated as an indicator of a physiological or pathological process or
a response to a therapeutic intervention [1]. Biomarkers can be cells, genes, enzymes,
proteins, etc. that can be detected in bodily fluids or tissues [2]. Urine is an important
biological fluid in biomarker analysis as it can be obtained easily and non-invasively in
large quantities and it contains several proteins, cells and biochemicals derived from the
glomerular filtration of plasma, renal tubule excretion, and the urogenital system [3]. The
importance of urine as a diagnostic tool was first noted by Hippocrates (460–355 BC); in
Aphorisms he associated the bubbles on the surface of fresh urine with chronic kidney
disease and linked the sediment of urine with fever [4]. In recent years, various urinary
biomarkers have emerged that are used for the diagnosis and management of bladder and
prostate cancer, kidney allograft rejection and overactive bladder (OAB) [5–11].

The lower urinary tract (LUT) consists of the urinary bladder and the bladder outlet
(i.e., bladder neck, urethra, urethral sphincter and pelvic floor) and serves the functions of
storage of urine at low pressures and periodic urine expulsion [12]. The activity of the two
components of the LUT is coordinated by a complex neural system involving multiple areas
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at different levels from peripheral nerves in the pelvis to cortical areas in the brain [13]. As
a result, a broad spectrum of neurological diseases and injuries of the brain and spinal cord,
including multiple sclerosis (MS), cerebrovascular accident (CVA), spinal cord injury (SCI),
spina bifida (SB) etc., can affect the neural control of the LUT causing neuro-urological
symptoms. The combination of symptoms of OAB, including urinary urgency, frequency,
nocturia and urgency incontinence, with voiding dysfunction and urinary retention is the
most common clinical syndrome.

Adult neurogenic lower urinary tract dysfunction (NLUTD) according to the Interna-
tional Continence Society (ICS) refers to the abnormal or difficult function of the bladder
and urethra (and/or prostate in men) in adults, in the context of a clinically confirmed rele-
vant neurologic disorder [14]. NLUTD is associated with various complications including
recurrent urinary tract infections (UTIs), incontinence, upper urinary tract deterioration,
bladder stones and malignancy. Lifelong surveillance and management of NLUTD is
mandatory to prevent these serious complications and preserve patients’ quality of life [15].
Surveillance strategies include laboratory tests (renal function, urinalysis), ultrasound,
urodynamics and cystoscopy, although there is lack of consensus for the optimal long-term
follow up [16,17]. Furthermore, urodymanics and cystoscopy are invasive, time-consuming,
costly and a potential source of morbidity [18]. Hence, urine biomarkers are an attractive
non-invasive diagnostic and surveillance tool in the management of patients with NLUTD.

Currently, the available studies on NLUTD and urine biomarkers have three main
areas of research focus. The main research interest is the evaluation of the role of different
molecules as potential biomarkers either in the diagnosis or in the assessment of the response
to treatment and in the prediction of complications of neurogenic OAB [19–27]. Another area
of research focus is the identification of a biomarker that can assist in differential diagnosis
between asymptomatic bacteriuria and clinically significant urinary tract infections in
patients with NLUTD [28,29]. Finally, other studies aim to elucidate the role of various
biomarkers in the diagnosis of bladder cancer in this specific patient population [30–33].

This systematic review aims to summarize and critically appraise the existing evidence
on the use of urine biomarkers in the management of adult NLUTD.

2. Material and Methods

This systematic review followed the reporting recommendations of the PRISMA
statement and the guidelines of the meta-analysis of observational studies in epidemiology
(MOOSE) [34]. We did not register a protocol for this systematic review. Moreover, this
research did not receive any specific grant or funding.

2.1. Search Strategy

We conducted a systematic literature search until October 2022 on three major elec-
tronic databases, including PubMed (Medline), CENTRAL (Cochrane Library) and Scopus
looking for articles published in English without any publication date criteria. Additionally,
so as to ensure literature saturation the reference lists from the included studies or reviews
were hand-searched in order to retrieve additional studies that could have escaped the
search. For the search strategy we used a combination of free text and medical subject head-
ings (MeSH) of the terms “neurogenic bladder” or “neuropathic bladder” or “neurogenic
lower urinary tract dysfunction” and “biomarkers” or “urine biomarkers” or “noninvasive
biomarkers” or “cancer biomarkers”. After the Medline strategy was finalized, the search
string was “translated” and used in other databases. The search was conducted indepen-
dently by two authors (PK, DP) in a blinded manner. Any discrepancies were solved after
consultation with a third investigator (AA).

2.2. Eligibility Criteria

Retrospective or prospective studies or randomized controlled trials (RCTs) of adults
who have been diagnosed with NLUTD, in whom urine biomarkers were assessed with
the aim of identifying their potential use in the management of NLUTD, were eligible for
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this systematic review. Only English language studies were included. Case reports, animal
studies and conference abstracts were excluded.

2.3. Study Selection Process

All relevant studies were imported into the Mendeley reference manager (Version 1.19
for Mac, Elsevier, Amsterdam, The Netherlands). Eligibility assessment was performed
independently by three investigators (PK, DP, and AA) who screened the studies based on
the predefined criteria. Disagreements were solved based on discussion. In the end, studies
that were found to be eligible were screened as full text.

2.4. Quality Assessment

A risk of bias assessment was performed by two reviewers (DP, and PK), as previously
described in a blinded manner. As all the eligible studies were observational studies
(prospective or retrospective cohort studies), they were evaluated using the Newcastle–
Ottawa Scale (NOS) [35]. Based on a star system, each study was judged in three different
categories, with three stars being the maximum score for each category. Studies were
valued in the end as of high- (8–9 stars), medium- (6–7 stars) or low-quality (<6 stars). If any
disagreement between the two reviewers was noted, it was arbitrated by a third one (AA).

2.5. Data Extraction

Data from each study was extracted in an excel sheet that was designed a priori.
The following details were collected: study design, biomarker evaluated, participants’
characteristics, and outcome analysis. Due to the great heterogeneity of the results, a meta-
analysis was not possible.

3. Results

The systematic search yielded 160 results following the removal of duplicates (Medline:
136, Cochrane: 11, Scopus: 54, manual searching: 6). After screening titles and abstracts,
128 were excluded as irrelevant. From the remaining 32 full-text studies, one could not
be retrieved and 16 were excluded due to eligibility criteria. In the end, 15 studies were
included in the qualitative synthesis and are illustrated in Table 1. Publication dates ranged
between 1997 and 2021. Further details regarding the systematic search are provided in the
PRISMA flow diagram (Figure 1) [36].

Table 1. Characteristics of the included studies.

Author Type Of Study Population Patients (N) Subgroups Biomarker

Stonehill et al. [30].
(1997)

Single-Center
Retrospective NLUTD 208 SCI Cytology

Hess et al. [31]. (2003) Single-Center
Retrospective NLUTD 16 SCI Cytology

Davies et al. [32].
(2005)

Single-Center
Prospective NLUTD 457 SCI

Cytology
BTA

Survivin

Yokoyama et al. [19].
(2008)

Single-Center
Prospective

Mixed
(1) NLUTD

(2) nNLUTD
(3) Healthy

Controls

51 + 32

NLUTD (n = 16)
- SCI (n = 10)
- CVD (n = 6)

nNLUTD (n = 35)
- Idiopathic (n= 19)

- BOO (n = 16)
Controls (n = 32)

NGF
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Table 1. Cont.

Author Type Of Study Population Patients (N) Subgroups Biomarker

Liu et al. [20]. (2008)
Single-Center
(Prospective)

Cross-Sectional
Mixed 281

NLUTD (n = 100)
nNLUTD (n = 143)
Controls (n = 38)

NGF

Liu et al. [21]. (2009) Single-Center
Prospective Mixed

NLUTD (n = 93)
-CVA

Controls (n = 40)
NGF

Yamauchi et al. [22].
(2010)

Single-Center
Prospective Mixed 141 NLUTD–SL (n = 114)

Controls (n = 27)

PGE2, PGF2a
NGF

Substance P

Krebs et al. [23]. (2016) Single-center
Prospective Mixed 47

NLUTD
-SCI (n = 37)

Controls (n = 10)
NGF

Pannek et al. [33].
(2017)

Single-Center
Retrospective NLUTD 79

SCI (n = 65)
MS (n = 8)

Other (n = 6)
Cytology

Sunden et al. [29].
(2017)

Single-Center
Prospective NLUTD 23 DI (n = 12)

SCI (n = 11) IL-6, IL-8

Richard et al. [24].
(2019)

Single-Center
Prospective NLUTD 41

MS (n = 6)
SCI (n = 20)
SB (n = 15)

NGF. BDNF
TGFβ-1, PGE2

TIMP-2

Peyronnet et al. [25].
(2019)

Single-Center
Prospective NLUTD 40 SB

NFG, BDNF, PGE2,
MMP-2, TIMP-2,

TGF-B1

Forster et al. [28].
(2020)

Multicenter
Prospective NLUTD 27

SCI (n = 24)
SB (n = 1)
MS (n = 2)

uNGAL

von Siebenthal et al.
[27]. (2021)

Single-Center
Prospective

Mixed
(1) NLUTD
(2) BLUTD
(3) Healthy

Controls

50
NLUTD (n = 12)
BLUTD (n= 26)

Controls (n = 12)
miRNA

Li et al. [26]. (2021) Multicenter
Prospective NLUTD 60 SCI Exosomal

vitronectin

NLUTD: neurogenic lower urinary tract dysfunction, LUTD = lower urinary tract dysfunction, SCI = spinal cord
injury MS = multiple sclerosis, CVD = cerebrovascular disease, BOO = bladder outlet obstruction, nNLUTD = non-
neurogenic LUTD, CVA = cerebrovascular accident, DI = detrusor insufficiency, SB = spina bifida, BLUTD = benign
prostatic obstruction LUTD, BTA = bladder tumor antigen, NGF = nerve growth factor, PGE2 = prostaglandin E2,
PGF2a = prostaglandin F2α, IL-6 = interleukin 6, IL-8 = interleukin 8, BDNF = brain-derived neurotrophic factor,
TGFβ-1 = transformation growth factor β-1, TIMP-2 = tissue inhibitor metalloproteinase-2, MMP-2 = matrix
metalloproteinase-2, uNGAL = urine neutrophil gelatinase-associated lipocalin, miRNA = microRNA.
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Figure 1. PRISMA 2020 flow diagram of study search and selection.

3.1. Study Characteristics

Yokoyama et al. [19]: a prospective single-center study investigating urinary nerve
growth factor (uNGF) levels in various OAB patients. The study included 16 patients
with NLUTD, all of them suffering from detrusor overactivity (DO), 10 due to SCI and
six due to cerebrovascular diseases (CVD), and 32 controls. The uNGF levels were found
significantly higher in patients with DO due to SCI compared to cystometrically normal
controls (55.0 pg/mL vs. 12.2 pg/mL p = 0.0001). No difference was found between patients
with DO due to CVD and normal controls (7.9 pg/mL vs. 12.2 pg/mL, p > 0.05).

Liu et al. [20]: a prospective single-center cross-sectional study evaluating the uNGF
levels in 243 patients with proven DO with or without treatment with antimuscarinics,
after treatment with detrusor botulinum toxin A (BoNT-A) injections and 38 controls. The
NLUTD population consisted of 59 patients with untreated DO, 16 with well-treated DO
and 25 who failed treatment. Patients with untreated DO had significantly higher levels
of uNGF/Cr compared to controls (0.62 pg/mL vs. 0.005 pg/mL, p = 0.000). Levels
of uNGF/Cr were significantly higher in patients with high voiding detrusor pressure
(>40 cm H2O) compared to patients with low voiding detrusor pressure (0.97 pg/mL
vs. 0.32 pg/mL, p = 0.039). A significant decrease in uNGF/Cr levels was observed after
therapy in responders (n = 14) to BoNT-A injections (0.43 pg/mL vs. 0.096 pg/mL, p = 0.033)
but not in non-responders (n = 5) to BoNT-A injections (0.76 pg/mL vs. 1.64 pg/mL
p = 0.129) at 3 months.
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Liu et al. [21]: a prospective single-center study assessing uNGF levels in patients with
CVA (n = 93) and controls (n = 40). The median uNGF/Cr level was significantly higher in
all patients with CVA than in controls (0.13 pg/mL vs. not detectable), with wide variations
in uNGF/Cr levels. No significant difference in uNGF/Cr levels was found between
patients with different urological conditions (urgency urinary incontinence (UI), impaired
awareness of UI, OAB or no OAB, p = 0.805) and with different urodynamic findings (DO,
detrusor hyperactivity and impaired contractility, and detrusor underactivity, p = 0.321).
The increasing level of the severity of neurological impairment according to the American
Heart Association Stroke Outcome Classification was correlated with significantly higher
uNGF/Cr levels (level C 1.53 pg/mL vs. level B 0.27 pg/mL p = 0.002; level C 1.53 pg/mL
vs. level A not detectable, p < 0.001; level B vs. level A, p < 0.001).

Yamauchi et al. [22]: a prospective single-center study assessing the urinary levels
of prostaglandin E2 (PGE2), prostaglandin F2α (PGF2a), NGF and substance p in patients
with suprapontine brain diseases (n = 114) and controls (n = 27). The NLUTD cohort
was classified into four groups: patients without LUT symptoms (n = 19); the increased
bladder sensation group (IBS) (n = 37); the OAB-dry group (n = 22); and the OAB-wet
group (n = 36). Urinary PGE2 levels were significantly higher in all four groups of patients
compared with controls. Patients in the OAB-dry and OAB-wet groups had significantly
increased levels of urinary PGE2 compared to the patient group without LUTS (p < 0.004
and p < 0.015, respectively). In terms of urinary PGF2a levels, patients in the OAB-wet group
had significantly higher levels compared to patients without LUTS (p < 0.001). Urinary
levels of NGF and substance P were not significantly different between the four groups of
patients and between NLUTD patients and controls.

Krebs et al. [23]: a prospective single-center study comparing uNGF levels between
patients with NLUTD due to SCI (n = 37) and controls (n = 10). The uNGF concentration
was <10 pg/mL (minimal detection limit) in all investigated samples.

Richard et al. [24]: a single-center prospective study comparing the urinary levels of
NGF, brain-derived neurotrophic factor (BDNF), PGE2, transforming growth factor beta-1
(TGFβ-1) and the tissue inhibitor of metallopeptidase 2 (TIMP-2) between NLUTD patients
of different neurogenic etiology (multiple sclerosis n = 6, SCI n = 20, spina bifida n = 15).
Patients suffering from multiple sclerosis had significantly higher levels of urinary NGF/Cr
and BDNF/Cr compared to the other two groups (8 pg/mL vs. 0.56 pg/mL vs. 1.25 pg/mg;
p = 0.001; and 88.3 pg/mL vs. 5 pg/mL vs. 4.8 pg/mg; p < 0.0001; respectively). Patients
suffering from SCI had significantly lower urinary levels of TGFβ-1 compared to spina
bifida patients (10.8 pg/mL vs. 39 pg/mg; p = 0.04). Urodynamic parameters were not
significantly associated with any of the urine biomarkers levels.

Peyronnet et al. [25]: a prospective single-center cohort study evaluating the predictive
value of NGF, PGE2, BDNF, matrix metalloproteinase 2 (MMP-2), TIMP-2 and TGF-β1 for
adverse urodynamic parameters and for upper urinary tract damage in NLUTD patients
due to spina bifida (n = 40). In terms of urodynamic findings, the urinary levels of TIMP-2
and MMP-2 were significantly associated with poor bladder compliance (<20 mL/cmH2O)
(OR = 18.3; p = 0.043 and OR = 12.1; p = 0.039, respectively). TIMP-2 was significantly asso-
ciated with upper urinary tract damage upon contrast-enhanced computed tomography
scanning (OR = 19.81; p = 0.02).

Li et al. [26]: a prospective multicenter study examining the role of urine exosome
proteins in the prediction of vesicoureteral reflux (VUR) in NLUTD patients due to SCI
(n = 60). The levels of the urinary exosomal vitronectin were significantly higher in VUR
patients (n = 25) than in no-VUR patients (n = 35) (p < 0.0001), the sensitivity and the
specificity of the biomarker was 80% and 82.9%, respectively.

Von Siebenthal et al. [27]: a prospective single-center study assessing the urinary mi-
croRNAs in patients with benign prostatic obstruction-induced LUT dysfunction (BLUTD)
(n = 16), NLUTD (n = 12) and controls (n = 12). The levels of urinary microRNAs miR-10a-5p
and miR-363-3p were significantly higher in the NLUTD group compared to BLUTD and
controls (p = 9 × 10−5 and p = 0.00022, respectively). Urinary microRNA miR-301b-3p levels
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were significantly higher in BLUTD patients compared to NLUTD patients and controls
(p = 0.0071).

Forster et al. [28]: A secondary analysis of urine samples, collected from a cohort of
NLUTD patients (n = 27) participating in a prospective clinical trial, assessing the correlation
of urine neutrophil gelatinase-associated lipocalin levels (uNGAL) and likelihood of UTI.
Patients of the likely-UTI group had significantly higher levels of uNGAL compared to
the patients in the no-UTI group and the patients in the unlikely-UTI group (187 ng/mL
vs. 37 ng/mL, p < 0.01; 187 ng/mL vs. 95 ng/mL, p < 0.05, respectively). A difference in
uNGAL levels was also found between the no-UTI and unlikely-UTI groups (p < 0.01).

Sunden et al. [29]: a longitudinal cohort study evaluating the urinary interleukin-6
(IL-6) levels during asymptomatic bacteriuria (ABU) and UTI, its association with UTI
symptom severity and the diagnostic accuracy of urine IL-6, IL-8 and neutrophils in the
differential diagnosis between UTI and ABU in NLUTD patients due to lower motor neuron
(n = 12) and spinal lesions (n = 11). Urine levels of IL-6 were found to be significantly
increased during UTI in pooled and intra-individual comparisons to ABU (p = 0.0371 and
p = 0.0021, respectively). A threshold value of 25 ng/L in the urinary levels of IL-6 had a
specificity of 93% and sensitivity of 77% in the diagnosis of UTI episodes with high-scoring
symptoms.

Stonehill et al. [30]: a retrospective single-center review assessing the use of urine
cytology as an adjunct for the diagnosis of BCa in NLUTD patients suffering from SCI. All
patients (n = 208) had undergone a bladder biopsy due to a long-term indwelling catheter,
gross or persistent microscopic hematuria, bladder stone, progressive urethral stricture or
suspicious cytology. The sensitivity and specificity of the suspicious cytology results for
BCa diagnosis were 71% and 97%, respectively.

Hess et al. [31]: a retrospective single-center analysis of patients with NLUTD caused
by SCI, who were diagnosed with bladder cancer (n = 16). Eight from the eleven available
cytologies were positive for bladder cancer diagnosis.

Davies et al. [32]: a prospective single-center cohort study evaluating the efficacy of
BTA stat, cytology, and urinary survivin levels for the surveillance of bladder cancer (BCa)
in SCI patients (n = 457). Three patients were diagnosed with non-invasive BCa during the
study period, all three tests were negative before BCa diagnosis.

Pannek et al. [33]: a retrospective single-center study investigating the clinical use-
fulness of urine cytology in the detection of BCa in an NLUTD population (n = 79). The
sensitivity and specificity of cytology for BCa diagnosis were 83.3% and 43.7%, respectively.

3.2. Methodologic Quality Assessment

Quality assessment was conducted using the NOS, as mentioned previously. Four of
them were high-quality studies, seven medium- and four low-quality. Results of the quality
evaluation are illustrated on Table 2.
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Table 2. Quality assessment of the included studies using the Newcastle–Ottawa Scale.
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Stonehill et al. [30].
(1997)

* * * * * * 6 Medium

Hess et al. [31]. (2003) * * * * * * ‘6 Medium

Davies et al. [32]. (2005) * * * * * 5 Low

Yokoyama et al. [19].
(2008)

* * * * * * * 7 Medium

Liu et al. [20]. (2008) * * * ** * 6 Medium

Liu et al. [21]. (2009) * * * * * * * * * 9 High

Yamauchi et al. [22].
(2010)

* * * * * * * * 8 High

Krebs et al. [23]. (2016) * * * * * * * * 8 High

Pannek et al. [33]. (2017) * * * * 4 Low

Sunden et al. [29]. (2017) * * * * * 5 Low

Richard et al. [24]. (2019) * * * * * * 6 Medium

Peyronnet et al. [25].
(2019)

* * ** * 5 Low

Forster et al. [28]. (2020) * * * * * * 6 Medium

von Siebenthal et al. [27].
(2021)

* * * * * * * * 8 High

Li et al. [26]. (2021) * * * * * * 6 Medium

* Asterisks refer to the study characteristics used for the quality assessment according to the Newcastle–Ottawa
Scale.

4. Discussion

This is the first systematic review to evaluate studies that investigate the use of urine
biomarkers in patients diagnosed with NLUTD. The fact that urine biomarkers can be
easily collected by non-invasive methods makes them attractive to be used not only as a
tool for diagnosis but also for the surveillance of various conditions in this specific group
of patients.

A common trait of most patients with NLUTD is neurogenic DO causing OAB symp-
toms, such as urinary frequency, urgency and incontinence, and carrying the risk of upper
urinary tract deterioration [37]. A plethora of studies investigated the role of different
molecules, such as neurotrophins (NGF and BDNF), proteins involved in the degradation
of the extracellular matrix (TIMP-2 and MMP-2), prostaglandins and mediators of inflam-
mation (PGE2, PGF2a, substance P and TGFβ-1) as potential biomarkers for the assessment
of neurogenic DO.

NGF is undoubtedly the most studied urine biomarker in the NLUTD population.
NGF is a small signaling protein that regulates the growth and survival of sensory and
sympathetic fibers, which both have a vital role in the micturition pathways [38]. In the
urinary tract, NGF is produced by the urothelium and detrusor smooth muscle cells [39].
In the non-neurogenic population, it was found that elevated levels of uNGF are associated
with OAB [11,40–42]. However, there have been some conflicting results among the studies
in NLUTD patients of various etiologies that were included in our review. More specifically,
the initial study from Yokoyama et al. observed elevated uNGF/Cr levels in patients
with neurogenic DO due to SCI compared to healthy controls [19]. Furthermore, Liu et al.
showed that the increased levels of uNGF found in untreated patients with neurogenic DO
were diminished after successful treatment with antimuscarinics and in the responders
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to intravesical BoNT-A injections. Positive correlations between uNGF/Cr levels and
the urodynamic parameters of high voiding detrusor pressure and detrusor–sphincter
dyssynergia were also observed, suggesting that uNGF can be a useful biomarker in the
assessment of disease progression and treatment outcomes [20]. In contrast, Krebs et al. did
not detect NGF in urine in a small cohort of patients suffering from SCI, raising questions
about the validity of the ELISA kit produced by Promega Corporation, which was used
in most of the previous studies [23]. Non-specific binding of this test antibody to the
precursor of NGF has been related to false-positive results and low specificity, resulting in
the withdrawal of the Promega test kit from the market in 2014 [43–45].

Concerning NLUTD due to suprapontine brain diseases, uNGF levels were not el-
evated in two studies [19,22]. In opposition, another study by Liu et al. did find raised
uNGF in NLUTD patients due to CVA, even though the only positive correlation of the
uNGF levels was with the severity of neurological impairment and not with the urological
symptoms or the urodynamic parameters [21]. In this NLUTD group of patients, of the
examined urine biomarkers (PGE2, PGF2a and substance P) only PGE2 correlated with the
severity of OAB symptoms [22].

Two studies examined the association between multiple urine biomarkers (NGF, BDNF,
PGE2, TGFβ-1, MMP-2 and TIMP-2) and urodynamic findings. In the study by Richard
et al., none of the biomarkers tested were associated with urodynamic parameters. The
levels of urine NGF/Cr and BDNF/Cr were associated with the etiology of NLUTD, and
were found to be elevated in multiple sclerosis patients when compared to SCI and spina
bifida patients [24]. These findings, along with the abovementioned findings in patients
suffering from CVA, suggest that uNGF and uBDNF that are derived from the brain are
excreted through the kidneys by plasma filtration [21]. In this regard, previous studies
have shown elevated levels of BDNF in the serum and cerebrovascular fluid of patients
suffering from ischemic stroke, traumatic brain injury and encephalitis [46–48].

Peyronnet et al. described positive associations between elevated urinary TIMP-2
and MMP-2 and poor bladder compliance (<20 mL/cmH2O) in patients with NLUTD due
to spina bifida. This was the only study which assessed the diagnostic performance of
the biomarkers; the area under the ROC curve (AUC) for the diagnosis of poor bladder
compliance was 0.70 for MMP-2 and 0.69 for TIMP-2. In the same study, TIMP-2 was
associated with upper urinary tract damage diagnosed by CT scans with an AUC of
0.72; a threshold of 405.9 pg/mL had sensitivity of 72.7% and specificity of 72.6% for
diagnosing upper urinary tract damage [25]. In agreement, two studies that focused on a
pediatric population suffering from NLUTD due to myelodysplasia demonstrated good
diagnostic performance of urinary TIMP-2 for adverse urodynamic parameters, suggesting
that invasive urodynamic studies in patients with low urinary TIMP-2 levels could be
avoided during follow-up. More accurately, Sekerci et al. demonstrated that the TIMP-2
threshold of 6.95 ng/mg had an 80% sensitivity and 68.3% AUC in predicting detrusor
leak point pressure (DLPP) > 40 cmH2O [49]. Nayak et al. showed an AUC of 0.977, 0.915,
and 0.605 for predicting DLPP, compliance and percentage of expected bladder capacity,
respectively [50]. These findings underscore the remarkable effect of extracellular matrix
remodeling in bladder compliance, as the MMP family and their inhibitors (TIMPs) are
the main enzymes involved in this process [51]. Furthermore, in a multicenter cohort
of patients suffering from SCI, exosomal urinary vitronectin was found to be the only
biomarker, among 18 exosomal urinary proteins, that could diagnose VUR with an 80%
sensitivity and 82.9% specificity [26]. Vitronectin plays also a role in extracellular matrix
remodeling and has been associated with various types of tissue fibrosis [52,53].

Urine miRNA is another biomarker that has been thoroughly investigated during
the last two decades in the field of oncological urology. More specifically, in the field
of prostate cancer there are currently commercially available urine tests evaluating the
presence of various miRNAs, such as PCA3 (prostate cancer gene 3), HOXC6 and DLX1
miRNAs or TMPRSS2:ERG, which are used in the diagnosis or surveillance of men with
prostate cancer [54–58]. However, in the field of bladder cancer, despite various available
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studies, a consensus has not been reached within the urologic society regarding the use of a
specific biomarker in everyday practice [59–61]. Our systematic search has identified only
one study that evaluates the use of miRNAs in patients with NLUTD [27]. The authors
found that the urinary miRNA profile (using three specific miRNAs) could discriminate
between healthy controls and patients suffering from BLUTD or NLUTD. Further studies
are needed in order to validate these findings. However, their results have highlighted
the differences noticed in the urine miRNAs’ composition between different age groups.
It was previously shown that numerous age-related changes are noticed in the 24-h urine
composition of patients with lithiasis [62]. In this regard, age matching of controls to the
test subjects should be taken into account when designing future studies.

Another major issue for patients with NLUTD is the difficulty to accurately diagnose
urinary tract infections (UTI) from asymptomatic bacteriuria (ABU). Impaired storage and
voiding function results in elevated post-void residual urine that predisposes them to the
risk of UTI [63]. Diagnosis is challenging as symptoms are often non-specific, thus UTIs in
this group are associated with high morbidity and hospital utilization [64]. On the other
hand, treating ABU with antibiotics may lead to bacterial resistance [63,65]. In this regard,
Sunden et al. investigated whether urine IL-6 could help as an added tool to identify
UTI [29]. Their study found that urine IL-6 concentration had a specificity of 93% and a
sensitivity of 77% in diagnosing UTI when a threshold of 25 ng/L was used, and when
urine WBC was added to the synthesis, sensitivity then reached 88%. Results are promising,
however, due to the small sample size further studies are needed to validate these findings
and possibly explore whether specific IL-6 concentrations could help stratify patients in
groups with different needs for action. IL-6 has been investigated as a urine biomarker
for bladder pain syndrome showing promising results as a tool in identifying Hunner’s
ulcerative cystitis or other subtypes of bladder pain syndrome [66].

Another biomarker that has been investigated as a potential tool in diagnosing infec-
tion in this population is uNGAL. In the adult population it has been explored as a marker
for identifying acute kidney injury, while in the paediatric population with NLUTD, it has
been thoroughly studied as a tool that could aid in differentiating UTI from ABU [67–71].
In their study of adults with NLUTD, Forster et al. demonstrated that uNGAL can also be a
promising marker which could help in differentiating UTI in this population [28]. However,
this study suffered many limitations and further investigation is warranted to evaluate its
potential role in diagnosing UTI.

BCa in the NLUTD population is a major concern. Although its incidence is not
as high as thought in previous years, the aggressiveness of the disease together with a
younger age at diagnosis, higher percentage of squamous cell carcinoma and a higher
mortality compared to the general population highlights the need for early diagnosis
and treatment [72–76]. Screening cystoscopy and urine cytology for BCa in this specific
population remains a matter of debate and there is a lack of recommendations in the clinical
guidelines from the international societies [15,77].

Regarding urine cytology, three retrospective studies have reported a sensitivity
ranging between 71 and 83.3% and two studies reported a specificity of 43.7–97% in
SCI patients with long-term indwelling catheters or symptoms of BCa [30,31,33]. One
prospective study in SCI patients showed that screening cytology, BTA tests and survivin
were negative for malignancy in three patients diagnosed with BCa during the period of the
study. Furthermore, 119 and 9 false positive results of BTA stat and survivin were detected,
respectively, in patients without bladder malignancy [32]. BTA stat is a commercially
available and easy to use test which detects human complement factor H-related protein
produced by bladder cancer cells in urine [78]. The sensitivity of the BTA test outperforms
urine cytology for BCa diagnosis in normal individuals but the specificity is lower [79].
Previous studies have also shown a high rate of false positive results in patients presenting
with hematuria due to possible cross reaction of the test with circulating blood antigens [80].
In the SCI cohort, the presence of pyuria was associated with false positive results. These
facts exclude this biomarker from the screening of NLUTD patients, as pyuria is prevalent
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and hematuria can result from chronic inflammation or micro-trauma during intermittent
catheterization [32]. In a recent network meta-analysis, survivin, a protein member of the
inhibitor of apoptosis proteins gene family, has shown the highest sensitivity, negative
predictive value and accuracy among the other urine biomarkers for BCa diagnosis [81].
However, methodology errors when assessing the survivin levels in frozen-stored urine
could have affected the results of the SCI cohort.

In our systematic review we tried to be as comprehensive as possible, adhering to the
PRISMA and MOOSE guidelines. However, this study has some limitations. Most studies
were of evidence level 2 or 3 (prospective cohort, controlled or not) and no randomized
controlled trial compared the urine biomarkers to invasive methods of management. There
was great heterogeneity regarding the biomarkers studied and the study designs, thus a
meta-analysis was not possible. Furthermore, some of the studies were retrospective, which
could possibly introduce confounding errors that could affect their results. Moreover, many
of the included studies have a small sample size thus it is difficult to interpret their results
with safety. Finally, our review did not include “grey literature”, thus some information
related to our subject may have been missed.

5. Conclusions

This systematic review summarized the available evidence for urine biomarkers in the
management of adults diagnosed with NLUTD. During the last two decades, numerous
urine molecules have gained interest, which are involved in the diagnosis and surveillance
of neurogenic overactive bladder and detrusor overactivity, the diagnosis of vesicoureteral
reflux and urinary tract infection, and bladder cancer screening in this specific population.
However, the paucity of evidence and conflicting results do not allow the application of
any of the urine biomarkers in every day clinical practice. Further studies providing a high
level of evidence are needed to specify the utility of each molecule in the management
algorithm of adult NLUTD.
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49. Şekerci, Ç.A.; Işbilen, B.; Işman, F.; Akbal, C.; Şimşek, F.; Tarcan, T. Urinary NGF, TGF-β1, TIMP-2 and bladder wall thickness
predict neurourological findings in children with myelodysplasia. J. Urol. 2014, 191, 199–205. [CrossRef]

50. Nayak, S.; Bawa, M.; Kanojia, R.P.; Pal, A.; Jain, A.; Samujh, R. TIMP-2 as a noninvasive urinary marker for predicting neurogenic
bladder in patients under follow-up for spina bifida. Neurourol. Urodyn. 2020, 40, 168–175. [CrossRef]

51. Kuwabara, Y.; Kobayashi, T.; D’Alessandro-Gabazza, C.N.; Toda, M.; Yasuma, T.; Nishihama, K.; Takeshita, A.; Fujimoto, H.;
Nagao, M.; Fujisawa, T.; et al. Role of Matrix Metalloproteinase-2 in Eosinophil-Mediated Airway Remodeling. Front. Immunol.
2018, 9, 2163. [CrossRef]

52. Hayashida, M.; Hashimoto, K.; Ishikawa, T.; Miyamoto, Y. Vitronectin deficiency attenuates hepatic fibrosis in a non-alcoholic
steatohepatitis-induced mouse model. Int. J. Exp. Pathol. 2019, 100, 72–82. [CrossRef]

53. Shen, T.L.; Liu, M.N.; Zhang, Q.; Feng, W.; Yu, W.; Fu, X.L. The positive role of vitronectin in radiation induced lung toxicity: The
in vitro and in vivo mechanism study. J. Transl. Med. 2018, 16, 1–12. [CrossRef] [PubMed]

54. Lendínez-Cano, G.; Ojeda-Claro, A.V.; Gómez-Gómez, E.; Jimenez, P.M.; Martin, J.F.; Dominguez, J.F.; Amores, J.; Cozar, J.M.;
Bachiller, J.; Juárez, A.; et al. Prospective study of diagnostic accuracy in the detection of high-grade prostate cancer in biopsy-
naïve patients with clinical suspicion of prostate cancer who underwent the Select MDx test. Prostate 2021, 81, 857–865. [CrossRef]
[PubMed]

55. Abramovic, I.; Ulamec, M.; Bojanac, A.K.; Bulic-Jakus, F.; Jezek, D.; Sincic, N. miRNA in prostate cancer: Challenges toward
translation. Epigenomics 2020, 12, 543–558. [CrossRef]

56. Auprich, M.; Bjartell, A.; Chun, F.K.-H.; de la Taille, A.; Freedland, S.J.; Haese, A.; Schalken, J.; Stenzl, A.; Tombal, B.; van der
Poel, H. Contemporary Role of Prostate Cancer Antigen 3 in the Management of Prostate Cancer. Eur. Urol. 2011, 60, 1045–1054.
[CrossRef]

57. Deras, I.L.; Aubin, S.M.; Blase, A.; Day, J.R.; Koo, S.; Partin, A.W.; Ellis, W.J.; Marks, L.S.; Fradet, Y.; Rittenhouse, H.; et al. PCA3:
A Molecular Urine Assay for Predicting Prostate Biopsy Outcome. J. Urol. 2008, 179, 1587–1592. [CrossRef]

58. Tomlins, S.A.; Rhodes, D.R.; Perner, S.; Dhanasekaran, S.M.; Mehra, R.; Sun, X.-W. Recurrent fusion of TMPRSS2 and ETS
transcription factor genes in prostate cancer. Science 2005, 310, 644–648. [CrossRef]

59. Grimaldi, A.M.; Lapucci, C.; Salvatore, M.; Incoronato, M.; Ferrari, M. Urinary miRNAs as a Diagnostic Tool for Bladder Cancer:
A Systematic Review. Biomedicines 2022, 10, 2766. [CrossRef] [PubMed]
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