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Abstract

Background Patients with spinal cord injury have a relatively high risk for bladder cancer and often complicated with
bladder cancer in advanced stages, and the degree of aggressiveness of malignancy is high. Most of the literature is
based on disease clinical features while, our study reviews the clinical characteristics and molecular mechanisms of
spinal cord injury patients with bladder cancer, so that it might help clinicians better recognize and manage these
patients.

Method We searched PubMed, Web of Science and Embase, using retrieval type like (“Neurogenic Lower Urinary
Tract Dysfunction”OR “Spinal cord injury” OR “Spinal Cord Trauma“) AND (“bladder cancer” OR “bladder neoplasm”OR
"bladder carcinoma” OR “Urinary Bladder Neoplasms” OR “Bladder Tumor”). In Web of Science, the retrieval type was
searched as “Topic’, and in PubMed and Embase, as “All Field” The methodological quality of eligible studies and their
risk of bias were assessed using the Newcastle-Ottawa scale. This article is registered in PROSPERO with the CBD
number: CRD42024508514.

Result In WOS, we searched 219 related papers, in PubMed, 122 and in Embase, 363. Thus, a total of 254 articles were
included after passing the screening, within a time range between 1960 and 2023. A comprehensive analysis of the
data showed that the mortality and incidence rates of bladder cancer in spinal cord injury patients were higher than
that of the general population, and the most frequent pathological type was squamous cell carcinoma. In parallel to
long-term urinary tract infection and indwelling catheterization, the role of molecules such as NO, MiR 1949 and Rb 1.
was found to be crucial pathogenetically.
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Conclusion This review highlights the risk of bladder cancer in SCI patients, comprehensively addressing the clinical
characteristics and related molecular mechanisms. However, given that there are few studies on the molecular
mechanisms of bladder cancer in spinal cord injury, further research is needed to expand the understanding of the

disease.
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Introduction

Bladder cancer (BC) is a common malignancy within the
field of urology. According to GLOBOCAN's 2020 esti-
mates, there were 573,278 newly diagnosed cases of BC
and 212,536 deaths caused by this disease [1]. While, in
the 2022 cancer statistics, 81,180 new BCs, and 17,100
BC deaths were projected in the United States [2]. Uro-
thelial carcinoma (UC) comprises Approximately 70% of
all tissue, while, non-urothelial carcinomas such as squa-
mous cell carcinoma (SCC), adenocarcinoma, and neuro-
endocrine tumor contribute to the remaining proportion
[3]. Squamous cell carcinoma (SCC) is the most preva-
lent among individuals with spinal cord injury (SCI) who
have BC, accounting for approximately 36.8% of reported
cases [4].

Recent studies have revealed that SCI affects approxi-
mately 25-30 million individuals globally [5]. According
to the 2016 Global Burden of Diseases, Injuries, and Risk
Factors (GBD) report, there is an approximate annual
incidence of nearly one million new cases of SCI [6]. Indi-
viduals suffering from SCI frequently experience com-
plications, including problems with urination, urinary
tract infections, and the need for long-term catheter use.
These complications can eventually result in BC, typically
occurring 15-20 years after the onset of the disease. This
type of cancer is often characterized by bladder muscle
infiltrating squamous cell carcinoma, significantly affect-
ing the prognosis of patients [7, 8]. Numerous research-
ers have examined the macroscopic elements of SCI and
BC and found that individuals with SCI exhibit a higher
degree of malignancy [9] and are diagnosed with BC
1-20 years before the general population [5].

After searching the literature, we noted that most
research on individuals with SCI and BC focuses on
the clinical aspects. While fewer studies investigate the
underlying mechanisms of BC development. Therefore,
it would be recommended to link the clinical parameters
and molecular mechanisms to delineate the potential
connection between the macro and micro pathogenesis
levels. This article provides a comprehensive overview of
the clinical characteristics and molecular mechanisms
associated with SCI and BC, with the aim to aid clini-
cians in enhancing understanding and management of
patients affected by this condition.

Methods

The authors searched for relevant literature by conduct-
ing searches in databases such as PubMed and Web of
Science, using retrieval type like (“Neurogenic Lower
Urinary Tract Dysfunction” OR “Spinal cord injury” OR
“Spinal Cord Trauma”) AND (“bladder cancer” OR “blad-
der neoplasm” OR “bladder carcinoma” OR “Urinary
Bladder Neoplasms” OR “Bladder Tumor”). In Web of
Science, the retrieval type was searched as “Topic’, and
in Pubmed and Embase, as “All Field” Subsequently, we
evaluated the titles and abstracts of the literature, care-
fully the ones that were most pertinent to the study. This
screening method includes not only the clinical type of
articles, but also the required basic research. They then
examined the references cited in these selected works.
Study reporting adheres to PRISMA guidelines. And this
article is registered in PROSPERO with the CBD number:
CRD42024508514.

Study eligibility

Study selection criteria included reporting age of onset,
incidence of bladder cancer, English literature and Based
on the title and abstract, were included in ref. While,
Exclusion criteria were non-English publications, studies
with insufficient or unconfirmed information, or when
patients had bladder cancer before the SCI.

According to the criteria of the PRISMA Guidelines,
the questions were screened to evaluate whether they
met the inclusion requirements and to reevaluate the
selected studies.

Data extraction and quality assessment

Data were collected independently and no automated
tools were used. Whenever problems were encountered,
senior expert (Corresponding Author) were consulted.
The age of onset, incidence, number of deaths and patho-
logical type of bladder cancer in SCI patients mentioned
in the included literature were introduced into Excel. The
risk of bias and methodological quality of eligible studies
were assessed using the Newcastle-Ottawa scale, which
involved eight items in the area of choice, comparabil-
ity and outcome of cohort studies. The three items were
evaluated and scored separately (either 1 or 2 points).
In this analysis, studies with NOS scores of 1-3,4—6,
and 7-9 were defined as low, moderate, and high-qual-
ity studies, respectively. Poor-quality studies were not
excluded from this review.
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Results

Using the above search criteria, a total of 704 documents
were considered. After filtering out duplicates 254 docu-
ments remained and After screening by title, abstract
and full text, 246 literatures were excluded for various
reasons. Finally, A total of 8 papers were included in this
review (Fig. 1).

Among the included studies, seven were of medium
to high quality, and two were of low quality. The specific
scoring details are shown in Table 1. This study used the
the Newcastle-Ottawa scale for the quality assessment.
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Characteristics observed in the clinical setting

Morbidity and mortality

A retrospective analysis was performed by Floriane et al.
on French data from 2010 to 2018 [10]. To assess the inci-
dence of bladder cancer (BC) in patients with multiple
sclerosis (MS), spinal cord injury (SCI), and spina bifida
(SB). This study included a total of 50,243,847 individu-
als, among whom 2015 patients (0.004%) were identified
as having BC in conjunction with neurogenic bladder.
With average age of onset 65.4+12.3 years and affect-
ing more men than women. And also showed that SCI
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Fig. 1 PRISMA flow diagram
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Table 1 The score chart of NOS

Quality of Studies

Points

Outcome

Comparability

Slelection

Author

Year

High
High
High

Laura S

2015

(2024) 24:111

Intermediate

High
High
Low

*%
*
*¥

Floriane M
Ralf Bothig
Gui-Zhong, L
Ho, CH

2022
2020
2017
2015

*%

Ralf Bothig

2021

Ammirati Enrico

2021

Low

Hidalgo Romero A

2023
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Table 2 The occurrence of BC among individuals who have
experienced a SCI

Au- Study Country Themean incidence of BCa
thor  period(year) age of

and onset

Title (years)

Laura  1960-2009  USA 48-61 N/A

Setal.

Flo- 2010-2018 France 654+123 791.1+170.5/100,000
riane patients/year

M.et

al.
Ralf 1998-2018  Germany 65.5(median 0.0571%

Bothig. 64, range

etal. 52-82)

Gui- 1966-2010  N/A 50(95% 0.601%

Zhong, Cl, range

Letal 45-55)

Ho, 1998-2002  China 4742+1584 0.551% (10/1816)
CH.et Taiwan

al.
Ralf 2012-2019  Germany, 56.6(range  N/A

Bothig. Austria, 19-88)
etal. Switzer-
land
Am- 2011-2020  ltaly N/A 9.09% (1/11)
mirati
Enrico
etal.
Hi- 2007-2023  Nether-  N/A N/A¥*
dalgo lands
Rome-
roA

N/A: not available; SCI: spinal cord injury; BC: bladder cancer

patients had a higher incidence of BC than MS and SB,
with a rate of 791.1/100 000 persons/year.

Similar findings were obtained by Bothig et al. [11].
who conducted a retrospective analysis of 7004 indi-
viduals suffering from SCI between 1998 and 2018. Four
patients (incidence approximately 0.0571%) were diag-
nosed with BC after several years, with an average age of
onset of 65.5 years (median age of 64 years [52—82]). In
addition, Bothig et al. [12] found that the age at diagnosis
of bladder cancer was 56.6, and the age of initial diagno-
sis is younger, at 19 years old. The average time spent in
patients with urinary catheters from spinal cord injury to
bladder cancer was significantly longer than that spent in
patients with no-urinary catheters. Noteworthy, the age
of onset and incidence rates were similar in both studies,
and this finding is consistent with previous studies (Table
2).

However, other authors have derived incidence rates
that are about ten times higher than the above two. Gui-
Zhong et al. used the MEDLINE, EMBASE, CINAHL and
the Cochrane Register database to search the literature
found that out of 99,237 individuals with SCI, 596 were
diagnosed with BC [4]. (An occurrence rate of 0.601%),
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with an average age of onset around 50 years. While, The
incidence of bladder SCC was higher than that in the
general population. To find the effect of chronic indwell-
ing catheterization on the occurrence of bladder cancer,
a study compared the effect of chronic indwelling uri-
nary catheters(CIDC) between a non-SCI group and an
SCI-group (control group) of patients. The incidence of
bladder cancer in the SCI group and the CIDC-non-SCI
group was 68.90 and 102.53 per 100,000 person-years
and both were higher than the control group (12 per
100,000 person-years). This study was conducted in Tai-
wan on 1,816 individuals with SCI. Among who, 10 were
diagnosed with BC, (incidence rate of 0.551%) with aver-
age age of onset of BC 47.42+15.84 years [13]. Ammirati
Enrico [14] evaluated 11 patients with SCI from 2011 to
2020 and all patients were treated with CIC. At late fol-
low-up, one patient had found high-grade non-invasive
bladder cancer after radical cystectomy. In this study,
the investigators only randomly selected 11 SCI patients
and did not include all SCI patients, so the results were
not universal. However, the results show that long-term
urinary catheterization treatment may increase the
risk of bladder cancer. Hidalgo Romero A used a simi-
lar approach [15]. The authors selected 10 patients who
developed bladder cancer after SCI / NTD from 2007
to 2023. By collecting various clinical and pathological
information of patients, it was found that all patients had
high-grade non-urothelial cell carcinoma. Three cases
developed lymph node metastases. This follows that blad-
der cancer caused by SCI may have a worse prognosis.

The incidence of bladder cancer found in the above
studies is not exactly the same. And The differences may
be related to the diseased race, living environment and
habits. Despite the differing conclusions among experts,
all studies show that individuals with SCI can poten-
tially experience BC at a younger age than the general
population(Table 2).

A study conducted between 1960 and 2009 by Laura
et al. involving 45,486 patients with SCI and a total fol-
low-up of 566,532 person-years, revealed that out of the
10,575 patients who passed away, 99 deaths were attrib-
uted to BC [16]. The standardized mortality ratio (SMR)
for BC was significantly higher (6.7) in SCI patients com-
pared to the general population, indicating a substantial

Page 5 of 11

difference. Likewise, Bothig et al. yielded comparable
outcomes. In a study conducted in Germany between
1998 and 2014 involving 6995 patients with SCI [17].
Among the cohort of 24 individuals diagnosed with spi-
nal cord injury (SCI) and bladder cancer, a total of 12
individuals succumbed to the disease (50%). The median
survival time for this group was found to be 11.5 months,
while the mean survival time was calculated to be 22.71
months, with a standard deviation of 30.42 months
(Table 3). Both studies discovered that individuals with
SCI succumbed to BC at a younger age than the over-
all population. Additionally, they observed a correlation
between SCI patients and a lower pathological staging,
indicating that SCI patients tend to develop BC with a
less favorable prognosis. These findings are consistent
with the prevailing body of published literature on the
subject matter.

Mechanism of occurrence

BC is primarily caused by smoking and prolonged expo-
sure to chemicals such as aromatic amines [18]. While,
diet may also increase the occurrence of bladder can-
cer, as Aveta et al. found that “red meat” and “processed
meat” may be positively associated with bladder cancer
risk [19]. In individuals with neurogenic bladder result-
ing from SCI, healthcare facilities often use catheters or
suprapubic cystostomies for extended durations, which,
along with the factors mentioned above, have been linked
to chronic bladder inflammation and an increased risk of
BC [20, 21]. Furthermore, the prolonged use of catheters
can lead to intricate urinary tract infections and the for-
mation of bladder stones, increasing the probability of
developing BC (Fig. 2) [22]. Studies have found that lower
bladder compliance and higher maximum bladder pres-
sure are observed in SCI mice. Overactive bladder(OAB)
increases, and an indwelling catheter is needed to relieve
the patient’s disease [23]. For OAB, studies have found
that capsaicin-sensitive bladder afferent neurons (B-AN)
and type A voltage-gated potassium channel (K,) func-
tion were decreased in SCI mice compared with the
control group [24]. Indicating that reduced K, channel
activity is associated with hyperexcitability of capsaicin-
sensitive C fiber B-AN after SCI. Therefore, studies tar-
geting neuronal-type K, ion channels are expected to be

Table 3 The death rate of BC among individuals who have experienced SCI

Author and Title bladder cancer Number of  Median survival(months) pathology T category
cases(number) deaths
Laura Setal. N/A 99 N/A N/A N/A
Ralf Bothig. et al. 4 0 N/A TCC 3xpTla
1XpT1
Ralf Bothig. et al. 24 12 11.5 (mean 22.71, standard 19XTCC. 4xSCC.  1x 19x>T2+ 2XT1
deviation 30.42) Complete undifferentiated ~ 3xpTa

cancer

N/A: not available; SCI: spinal cord injury; BC: bladder cancer; TCC: Transitional cell carcinoma; SCC: squamous cell carcinoma
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a new therapeutic target for OAB. This method may be
used to reduce the possibility of long-term indwelling
urinary catheters. Von Siebenthal et al. [25] compared
bladder function in the SCI (neurogenic) and bladder
outlet obstruction (obstructive) mice by repeated uro-
dynamic examination. This study found that the SCI
group had dysfunctional bladder detrusor and sphinc-
ter and significantly increased bladder pressure 1 week
after injury, and the bladder gradually developed fibrosis
throughout the process. These factors are closely related
to SCC and muscle infiltration into the bladder in cases
of BC. However, what is the link between the two con-
ditions at a microscopic level? Temporal and spatial
mutations were discovered in the telomerase reverse
transcriptase (TERT) promoter of BC tissue from the
general population and in keratinized/non-keratinized
squamous epithelial tissue from patients with neurogenic
bladder, as found by Taylor et al. [26]. Understanding why
chronic cystitis caused by indwelling catheters is related
to a higher susceptibility to BC can be facilitated by con-
sidering the proposal that this mutation could serve as a
plausible pathway for the progression of benign lesions to
BC.

Nevertheless, a Meta-analysis revealed that approxi-
mately 1% of individuals with SCI who underwent pro-
longed catheterization experienced the development of
BC [27]. Whilst, more than 50% of SCI patients without
indwelling catheters experienced the development of BC.
Meanwhile, Kalisvaart et al. found that 50% of the indi-
viduals included in their research who had BC were not
using a catheter for an extended period. BC in patients
with SCI can be attributed to various factors [28]. In line
with the above data, it is reasonable to infer that indwell-
ing catheters, persistent bladder inflammation, and uri-
nary tract infections are the primary culprits, however, it
is important to maintain a skeptical mindset and further
investigate the diverse pathways of BC development in
SCI patients.

Screening and diagnosis

The topic of contention among medical profession-
als revolves around the frequency of bladder cancer
screening, the appropriate screening methods, and the
efficacy of early screening in detecting bladder cancer
in SCI patients [29]. According to Laura et al. [16], the
average duration between SCI and the identification of
BC in patients ranged from 16 to 34 years. A study con-
ducted in Taiwan, in a group of 54,401 individuals with
SCI monitored for an average of six years, results did not
exhibit a greater likelihood of being diagnosed with BC
compared to those without SCI [30]. Consequently, it is
advisable to enhance the frequency of patient evaluations
for individuals with SCI beyond a decade of SCI to attain
prompt identification and medical intervention. and
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some researhers suggest conducting annual cystoscopy
and urine cytology [29].

Urine cytology is not recommended for routine uri-
nalysis in this group of patients due to the possibility of
haematuria and pyuria caused by an indwelling catheter.
Davies et al. have shown that urine cytology or urine bio-
markers do not possess sufficient reliability as a screen-
ing technique for individuals with spinal cord injury. A
study conducted between 1999 and 2004 examined 457
patients with SCI to evaluate the efficacy of urine bio-
markers, specifically the BTA stat test, survivin assay,
and cytology, in detecting bladder cancer cases. The find-
ings of this study indicated that these aforementioned
methods were not effective screening tools for bladder
cancer [31]. Kinde et al. found that approximately 66%
of patients with muscle-invasive BC carried TERT pro-
moter activating mutations, which can be detected in
urine and are strongly associated with BC recurrence,
suggesting that TERT promoter mutations could serve
as a useful marker for early detection and monitoring
of BC (Fig. 2) [32]. Regarding cystoscopy, some scholars
believe that it is still the ultimate basis for diagnosis [33].
In addition to the above mentioned techniques, alterna-
tive approaches are currently available to identify BC in
individuals with SCI.

Konety [34] measured the urinary nuclear matrix pro-
tein BLCA-4 in the urine of healthy individuals, patients
diagnosed with BC, and patients with SCI. The study
revealed that 53 of 55 (96.36%) BC patients and 38 of 202
(18.81%) SCI patients had BLCA-4 levels that exceeded
the defined limit (Fig. 2). Despite the absence of a con-
nection between increased BLCA-4 levels and indwell-
ing catheters, chronic bladder inflammation, and urinary
tract infections, the presence of BLCA-4 in the urine
holds great diagnostic promise. And, hopefully, it could
serve as a valuable method for the early identification of
BC in individuals with SCIL.

In summary, various screening techniques exist for
individuals with SCI in conjunction with BC, although a
standard and universally recognized protocol is yet to be
established. The presence of hematuria, back pain result-
ing from ureteral obstruction, recurrent urinary tract
infections, or the identification of a pelvic mass during
physical examination in individuals with SCI signifies a
significant risk factor for bladder cancer. Consequently, it
is imperative that these patients undergo routine screen-
ing procedures.

Molecular mechanisms

Nitric oxide (NO)

The human body relies on NO for its vital biological func-
tions, serving as neurotransmitter and other transmitters.
For example, NO plays the role of messenger molecule,
and when vascular pressure increases, it increases NO
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release by activating Ca+in endothelial cells, and then
plays the role of dilating blood vessels [35]. NO also can
act as a retrograde neurotransmitter. Glutamate activates
N-methyl-d-aspartate receptor (NMDAR) to import Ca
2+into the cell, and then generates nitric oxide. This is a
reverse neurotransmitter that maintains glutamate secre-
tion at the presynaptic terminals [36].

It contributes to vasodilation and prevention of platelet
aggregation by enhancing guanylate-activating enzyme
activity, which results in elevated levels of cyclic-geranyl
phosphate (cGMP) [37]. Furthermore, NO has a signifi-
cant impact on inflammation and cancer. Urinary tract
infections cause the secretion of IL-6 and IL-8 by urinary
tract epithelial cells, facilitating the migration of neutro-
phils to the infected region. Frequent urinary bladder
inflammation, which occurs due to the presence of cath-
eters in patients with SCI, is commonly accompanied by
infiltration of cells that cause inflammation. Macrophages
and neutrophils in inflammatory tissues have been found
to produce inducible NO synthase (iNOS) (Fig. 2) [38].
Gecit et al. [39] found that the concentrations of harmful
substances malondialdehyde, NO, and prolyl peptidase
were elevated in cancerous tissues compared to non-
tumor tissues. While, In contrast, the concentrations of
beneficial substances superoxide dismutase, glutathione,
and glutathione peroxidase were decreased compared to
non-tumor tissues.

NO inhibit or promotes tumor growth depending on
the concentration, duration of action, and tumor micro-
environment, and shares similarities with oxygen radi-
cals within the human body, thereby inducing oxidative
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and nitrosative DNA damage [40]. Consequently, this
molecule can result in alterations in DNA sequence and
impairment of DNA repair mechanisms [41, 42], ulti-
mately contributing to the development of BC when act-
ing over an extended period.

MiR-1949 and Rb1

MiRNAs, also known as microRNAs, are natural non-
coding RNAs that primarily function by attaching to the
3’-untranslated region of target mRNAs. MiRNA Regu-
lates many cellular activities, including proliferation,
migration, differentiation, and cell apoptosis [43]. The
retinoblastoma (RB) gene is the first oncogene identified
to date. This protein, which is phosphorylated by nuclear
processes, controls the progression of cell cycle. Numer-
ous research studies have indicated that deactivation
of the RB gene is crucial in the formation of numerous
tumors, such as retinoblastoma [44].

Furthermore, the expression of miRNAs in the rat
bladder was studied after SCI, revealing a significant
dysregulation in miR-1949 expression (Fig. 2). Through
the utilization of TargetScan that a software used for
the prediction of miRNA binding sites in mammals,
the identification of the target gene miR-1949 revealed
its potential involvement in the regulatory processes of
Rb1. The specific regulatory role of miR-1949 in Rb1 was
explored using qRT PCR, and it was observed that Rb1
expression was likely to be inhibited by miR-1949 trans-
lation. The findings suggest that miR-1949 may suppress
Rbl, a target gene, potentially causing oncogenic effects.
According to the above review, miR-1949 and Rb 1 may

Micro
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Fig. 2 A sketch of the pathogenesis: bladder cancer in patients with spinal cord injury
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be associated with this disease, but there are few stud-
ies on its further step. We can only presumably infer
that the mechanism of bladder cancer in SCI patients is
related to the above, but the detailed mechanism needs
further study. And perhaps researchers can continue to
explore upper and downstream of molecules and related
pathways and to understand how miRNAs promotes the
development of bladder cancer after SCI.

Discussion

The prevalence of BC in individuals with SCI has been
documented with slight variations in the literature,
which may cause some controversy. Several early studies
reported a significant occurrence of SCI. While, subse-
quent studies have indicated a decrease in the prevalence
of the disease, although it remains considerably elevated
compared to the general population [17]. According to
numerous studies, it has been consistently observed that
individuals with SCI tend to develop BC at a relatively
young age. Our statistical data indicate that the average
age at which BC are first diagnosed is as low as 47 years
in SCI, approximately 20 years earlier than no SCI. The
significant death rate among individuals with SCI can be
primarily attributed to their vulnerability to high-risk BC,
specifically muscle-invasive, adenocarcinoma, and SCC.
And Long-term use of indwelling catheters and repeated
urinary tract infections are believed to be the contribut-
ing factors [7].

A survey among urologists indicates that the risk of
recurring urinary tract infections may be reduced by
Clean Intermittent Catheterization (CIC) or a combina-
tion of anticholinergic medications, aiming to decrease
the number of such patients [45]. A study observing 133
individuals with SCI and neurogenic bladder symptoms
[46] found that 35% of patients who underwent inter-
mittent clean catheterization developed urinary tract
infections. At the same time, the percentage was 48% for
those with indwelling Foley catheters. Despite the poten-
tial benefits of CIC in reducing the likelihood of urinary
tract infections and potentially lowering the occurrence
of BC, its usage remains infrequent. According to a study
conducted by Cameron, A. P. [47], long-term indwelling
catheter usage remained unchanged for years in 71.1% of
patients without transition to CIC. Therefore, to decrease
the occurrence and possible fatality of BC, it is advisable
to minimize the long-term use of indwelling catheters.

Screening for BC in patients with SCI is a topic of dis-
cussion, with varying opinions on whether and how it
should be done. And clarifying the currently commonly
used screening methods potential to identify BC early is
important. Although the TERT promoter mutation and
BLCA-4 assays described above may be used as early
detection methods for BC, most investigators consider
cystoscopy the preferred screening method. However,
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some authors have come to the opposite conclusion;
Yang et al. [48] found in a study of SCI patients with
long-term indwelling catheters (at least five years) that
156 cystoscopies were performed after SCI in 59 patients,
and no malignancy was detected. In order to reduce mor-
bidity and mortality in patients with SCI, it seems impor-
tant to establish guidelines for screening BC criteria and
methods.

A significant number of individuals who have sustained
SCI commonly develop symptoms related to neurogenic
bladder dysfunction, including urinary incontinence
and retention. As a consequence, these individuals often
require the prolonged use of a catheter for managing
their bladder function. While this approach can meet
individual requirements, it is susceptible to repeated
urinary tract infections and persistent bladder inflam-
mation. and BC primarily arises from these complexi-
ties. Ho et al. [13] conducted a comparative analysis on
SCI-positive individuals who had long-term indwelling
catheters. And revealed that the appearance of BC in the
SCI group (0.551%) was comparable to that of the non-
SCI group (0.88%). Furthermore, the two groups had
no significant differences in mortality rates (SCI group:
0.23%; non-SCI group: 0.14%). These findings support
the concept that BC complications in patients with SCI
are primarily attributed to the prolonged use of indwell-
ing catheters. To reduce the risk of urinary system infec-
tion and reduce the occurrence of bladder cancer, we can
use clean intermittent catheterization to replace long-
term indwelling catheterization, as it is more consistent
with normal physiology, and no foreign body continues
to stimulate the bladder [49]. Unfortunately, most studies
have shown that the proportion of CIC in SCI patients
has gradually decreased over time [50]. This is a problem
to which specific attention should be paid when treating
such patients.2.

These findings are similar to the study conducted by
Ismail et al [51]. However, this study included the pos-
sible molecular mechanisms of bladder cancer in SCI
patients, which may provide some help for subsequent
molecular studies.

The molecular basis of BC in individuals with SCI
remains unclear, and limited research is available. An
examination of the literature revealed that NO signifi-
cantly impacts BC progression. Chronic bladder inflam-
mation is common among individuals with SCI who
are in long-term catheterization. Neutrophils and mac-
rophages in inflamed tissues secrete iNOS, which can
facilitate the generation of substantial quantities of NO
from L-arginine within the body. The harmful reaction
of NO could be associated with the chemical interac-
tion between NO and superoxide, forming peroxynitrite
[52]. Peroxynitrite, a potent oxidizing agent, can harm
DNA through detrimental effects on the structure of
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mitochondria [53, 54].Additionally, it stimulates the
generation of reactive oxygen species [55, 56], leading
to genetic alterations in the nucleus that may eventually
lead to cancer development. Rbl, the initial oncogene
discovered, functions as a crucial cell cycle modulator,
exerting a significant influence on the integrity of chro-
mosome architecture. The product of the Rb1 gene hin-
ders the progression of the G1 to S phase in the cell cycle
[57], restricting the proliferation of malignant cells, stop-
ping cancer progression. Hence, in individuals with SCI,
the miR-1949 gene might facilitate the advancement of
BC by suppressing the translation of Rb1l. Some stud-
ies have shown that RB 1 can be used as a predictor of
bladder cancer recurrence after BCG treatment [58]. But
whether bladder cancer can predict after SCI is unclear.
Other oncogenic details for both molecules are currently
unknown, mainly because the pathological micro-envi-
ronment in the bladder after spinal cord injury (SCI) is
obviously different from the normal bladder [59]. There-
fore, it is necessary to explore the correlation of miRNA
and Rb1 with the occurrence and development of blad-
der cancer after SCI as the path of pure bladder cancer
related molecules may not be appropriate for bladder
cancer patients after SCI. Reviewing the literature shows
that there are very few molecular studies on such dis-
eases. But this finding may help scholars continue to
explore the molecular mechanism of bladder cancer in
SCI patients.

Conclusion
Patients with SCI exhibit distinct characteristics when it
comes to BC, such as a significant presence of muscle-
invading and non-urethral epithelial cell carcinomas, as
well as an earlier onset at a younger age. To increase lifes-
pan and decrease morbidity and mortality, it is crucial to
establish screening initiatives and implement post-treat-
ment strategies for BC in patients with SCI, as it is crucial
to accurately control the treatment “site” and grasp pre-
vention time. Before the patient develops bladder cancer.
The majority of our present comprehension regarding
BC development in SCI patients is situated within the
domain of epidemiology, where there is a lack of defini-
tive criteria outlining screening protocols for patients
with BC and limited investigation into the molecular
mechanisms underlying the onset of BC in patients with
SCI. Thus, additional research on molecular mechanisms
is necessary, in order to fundamentally understand the
mechanisms by which SCI patients progress to bladder
cancer and to accomplish this task, we should pay more
attention to such patients and discover deeper mysteries.
However, study is limited by several factors. First,
there were differences in the reporting of the included
studies. Second, some of the studies were retrospec-
tive studies with risk of bias. Third, some studies have
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only introduced a limited number of patients, and the
results are not generalisable. Fourth, during the literature
screening, due to the small number of relevant literature,
some reports with incomplete results were included in
the studies.
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