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Abstract

Background At present, there is no effective prognostic indicator for muscle invasive bladder cancer (MIBC). A liquid
biopsy method, plasma circulating tumor DNA (ctDNA) detection, was evaluated for use in predicting the prognosis
of different cancers. This study aims to assess the prognostic value of ctDNA state for muscle-invasive bladder cancer
patients.

Methods We comprehensively searched three public databases (PubMed, EMBASE, and the Cochrane Library)

in December 2023 according to the Preferred Reporting ltems for Systematic Review and Meta-analysis (PRISMA)
statement. Studies investigating ctDNA and prognostic outcome indicators in patients with MIBC were included in
our analysis. The hazard ratios (HRs) with 95% confidence intervals (Cls) were extracted to evaluate the association
between ctDNA and the prognosis in patients with MIBC.

Results Eleven studies and 1,170 patients diagnosed with muscle-invasive bladder cancer, comprising a total of

four retrospective cohort studies and eight prospective cohort studies, included in our meta-analysis, one of which
had two different cohorts. The analysis revealed that a positive ctDNA state was associated with poor overall survival
(0S), progression-free survival (PFS), and recurrence-free survival (RFS) in patients with MIBC (HR=4.51, 95% CI:
2.64-7.69, P<0.001; HR=4.50, 95% Cl: 2.77-7.30, P<0.001; HR=6.56, 95% Cl: 4.18-10.30, P < 0.001), with significant
prognostic effects both pre- and post-treatment. In addition, longitudinal ctDNA analysis proved to be effective in the
monitoring of patients with MIBC receiving different treatments (HR=0.24, 95% Cl: 0.14-0.41, P<0.001).

Conclusions A positive ctDNA state was associated with poor OS, PFS, and RFS in patients with MIBC pre-and
post-treatment. Meanwhile, clearance of ctDNA was associated with improved RFS in patients with MIBC. These

findings suggest that the ctDNA state is a predictive and prognostic indicator for patients with MIBC, which can be
-
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used to monitor recurrence and guide treatment. Thus, ctDNA level detection shows potential for the treatment and

prognosis of patients with MIBC.

Keywords Muscle invasive bladder cancer, Circulating tumor DNA, Prognosis, Systematic review, Meta-analysis

Background

Bladder cancer is the fourth most common cancer in
men, accounting for 6% of estimated new cancers and
4% of cancer-related deaths [1]. Upon diagnosis, approxi-
mately a quarter of bladder cancer cases show invasion
in the muscle tissue with a high risk of metastases, with
the remainder showing non-muscle-invasive bladder
carcinoma (NMIBC) [2]. Approximately 90% of blad-
der cancer cases are urothelial carcinoma; the remaining
are mostly squamous cell carcinoma, adenocarcinoma,
or neuroendocrine carcinoma [3-9]. According to the
European Association of Urology (EAU) guidelines, radi-
cal cystectomy (RC) plus lymph node dissection is the
most preferred treatment of muscle invasive bladder can-
cer (MIBC) [10], with 50% of patients developing distant
metastasis after surgery [11]. The prognosis of bladder
cancer after surgery is related to the pathological stage
pre-surgery [12]. Pathologic complete response (pCR),
which indicates the histopathological evaluation of blad-
der and lymph node specimens after bladder resection to
confirm the absence of residual tumor lesions and lymph
node metastasis (pTONOMO) in the bladder, is associated
with an increased OS. Recurrence occurs in around 30%
of patients at a median of 12 months after cystectomy [1],
highlighting the challenges associated with the treatment
and management of bladder cancer.

Histopathology, clinical markers, and molecular mark-
ers have been extensively studied as prognostic and pre-
dictive factors for urinary bladder carcinoma [13-15].
However, traditional biomarkers pose challenges due to
the heterogeneity of tumor tissue, as well as the dynamic
changes associated with the treatment process, often
failing to capture the dynamic nature of tumor progres-
sion [16]. In this context, liquid biopsy has emerged as
a promising approach owing to its rapid and efficient
nature, especially circulating tumor DNA used in vari-
ous cancers [17], wherein the release of DNA into the
circulatory system by dead tumor cells with an estimated
half-life of 16 min to 2.5 h which is a prerequisite for its
use as a real-time tumor biomarker [18]. The release of
ctDNA is tumor-dependent, influenced by factors such
as size, metastasis, and stage impacting the amount of
ctDNA which could be detected from blood and urine via
real-time quantitative polymerase chain reaction, droplet
digital polymerase chain reaction (ddPCR) [19], sanger
sequencing, and next-generation sequencing (NGS) [20,
21]. Gene mutations and methylation in ctDNA are the
most commonly detected alterations and play a crucial
role in cancer detection and progression [22]. Collecting

blood samples is less invasive, safer, and more efficient
than obtaining biological specimens through invasive tis-
sue biopsies [23]. The test has the potential to target the
minimal residual disease (MRD) window, with the objec-
tive of achieving a cure. It can assist patients in selecting
appropriate adjuvant therapies and facilitate disease sur-
veillance for early detection of recurrence during follow-
up [24]. Blood specimens have historically been the most
extensively studied method in liquid biopsy research.
Recently, there has been a growing interest in exploring
samples obtained from alternative sources, such as urine
[25]. Urine-derived ctDNA sensitivity is potentially sig-
nificantly higher, especially in cancers that have direct
contact with urine. As the field progresses, further refine-
ment and standardization of testing and sample collec-
tion methodologies are crucial for the clinical validation
of ctDNA. This approach has been evaluated in patients
with bladder cancer undergoing chemotherapy and neo-
adjuvant therapy [16]. Meanwhile, ctDNA has also been
associated with disease burden [26], predicting tumor
progression and recurrence through elevated levels sev-
eral months before traditional detection methods [27—
29]. Figure 1 presents a diagram illustrating the biology,
detection and application of ctDNA.

In recent years, various studies have reported on the
impact of the ctDNA state of patients with MIBC on
their survival outcomes. In this context, this review
aims to explore the predictive and prognostic role of the
ctDNA state in patients with MIBC during the periopera-
tive period.

Methods

This systematic review and meta-analysis was conducted
according to the Meta-Analysis of Observational Stud-
ies in Epidemiology (MOOSE) guidelines [30] and the
PRISMA statement [31]. The protocol used for the meta-
analysis has been registered prospectively on the PROS-
PERO website (CRD42024532671).

Literature search

Using “cell tumor DNA” and “bladder cancer” as key-
words, we searched three databases up until December
2023: PubMed, EMBASE and the Cochrane Library. The
references of relevant reviews and meta-analyses were
also searched in case of omissions. Further details of the
search strategies employed are provided in Additional
File 1. The literature search process was completed inde-
pendently by two reviewers (Wengiang Qi and Xindong
Gao).
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Fig. 1 Characteristics of ctDNA. By Figdraw. ctDNA, circulating tumor DNA; MIBC, muscle invasive bladder cancer; PCR, polymerase chain reaction; NGS,

Next-generation sequencing

Inclusion and exclusion criteria

The inclusion criteria were as follows: (i) studies that
included patients diagnosed with MIBC who received
systematic treatment, including neoadjuvant chemo-
therapy plus radical cystectomy (NAC+RC), radical
cystectomy (RC), or radical cystectomy plus adjuvant
chemotherapy (RC+ AC); (ii) studies that included data
on the reported hazard ratios (HRs), corresponding 95%
confidence intervals (CIs) for the ctDNA state, and sur-
vival outcomes of the patients; (iii) studies published in
English. The exclusion criteria were as follows: (i) non-
conforming article types, such as case reports, reviews,
and conference abstracts; (ii) articles with no results of
interest.

The two evaluators (Wengiang Qi and Xindong Gao)
reviewed the literature independently and excluded any
studies unrelated to the topic (e.g. other disease types). By
reading the abstracts of potential studies, the evaluators
were able to identify those that met the exclusion criteria.
The evaluators then reviewed the literature included in

this initial round to agree on the final set of studies to be
included in the meta-analysis. A third reviewer (Junxian
Li) was tasked with resolving any discrepancies.

Quality assessment

The quality assessment of the included cohort stud-
ies was evaluated using the Newcastle-Ottawa Qual-
ity Assessment Scale [23]. This scale assigns scores out
of nine, splitting every three scores into distinct levels.
The higher the score, the better the quality. Studies with
an NOS score equivalent to or exceeding seven were
included in our meta-analysis.

Data extraction

Two reviewers (Xindong Gao and Wengiang Qi) inde-
pendently extracted relevant data from the included stud-
ies using a prefabricated table; any difference in opinions
was resolved by discussion. From each study, the follow-
ing data was extracted: (i) publication data: the name of
first author, time of publication; (ii) cohort data: patient
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source (country), study design, study period, tumor type,
the type of treatment, sample size, age, ctDNA state, out-
come, follow-up time. Furthermore, HRs with 95% Cls
were extracted as the form of outcome variables. For
studies with only survival curves, Engauge Digitizer V4.1
(Markmitch, Goteborg, Sweden) was used to extract data
from the figures in the articles [32].

Statistical and meta-analysis

The 95% CI of the HRs was calculated to evaluate the
association between the ctDNA state and survival out-
comes using Review Manager software (RevMan) (ver-
sion 5.4) (Cochrane Collaboration). The heterogeneity
levels were quantified using Cochran’s Q-test and the
I’-square index: 0-25%, 25-50%, and 50-75% repre-
sented low, moderate, and considerable heterogeneity,
respectively. A fixed-effect model was used to estimate
the pooled effect size in cases of low or moderate het-
erogeneity. For significant heterogeneity, a random-
effects model was employed to reduce potential biases.
In addition, sensitivity analysis was conducted using a
one-by-one elimination method to detect the stability of
meta-analysis using STATA (version 17; StataCorp LLC,
University of Texas Station, USA). A value of p<0.05 for
the bilateral test was defined as statistically significant.

Results

Literature screening

A total of 987 articles were initially identified for inclu-
sion: 494 from PubMed, 401 from EMBASE, and 92 from
the Cochrane Library database. After removing dupli-
cates and browsing the full text, 11 papers [33—43] met
the inclusion criteria and were included in the subse-
quent systematic review and meta-analysis. All patients
were diagnosed with MIBC and received systematic
treatment, including NAC+RC or RC or RC+AC. A
flowchart of the research selection process is provided in
Fig. 2.

Characteristics of the studies and patient cohorts

Among the 11 studies included in the systematic review,
one (Lindskrog et al.) included two different cohorts [36].
“Lindskrog* et al” was used to represent the prospective
cohort study, while “Lindskrog et al”” denoted the retro-
spective one. Thus, a total of four retrospective cohort
studies [34, 36, 40, 43] and eight prospective cohort stud-
ies [33, 35-39, 41, 42] were included in the meta-analysis.
Powles et al. [43] and Powles et al. [40] followed the same
group of people at different period of time. The base-
line characteristics and major survival outcomes of the
included studies are summarized in Table 1. Six studies
[33, 35-37, 41, 42] were conducted in Europe, one [34]
in North America and four [38-40, 43] in other coun-
tries. The publication dates of the articles included in the
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analysis were between 2017 and 2023, and the follow-
up time ranged from 18 months to 15 years. The sample
sizes ranged from 17 to 581. A total of 1,170 patients
were included in our meta-analysis.

Research quality assessment

A quality assessment of the included studies was con-
ducted using the Newcastle-Ottawa Quality Assessment
Scale [23], based on a score out of nine, splitting every
three scores into three levels. The higher the score, the
better the quality. The NOS scores for each study are
shown in the final column of Table 1, corresponding
to scores that were >7 points, indicative of an accept-
able research quality. The specific scores of each study
included in our meta-analysis are presented in Additional
File 2.

Impact of ctdna state on OS

Five studies [34, 36, 37, 40, 43] with six cohorts, com-
prising a total of 876 patients, reported a relationship
between the ctDNA state and overall survival (OS) in
patients with MIBC. Vandekerkhove et al. [34] evalu-
ated patients who were administered cisplatin or car-
boplatin or PD-1 before surgery, while Lindskrog* et al.
[36] evaluated patients who received NAC but did not
specify the type of treatment method. Powles et al. [43]
evaluated patients who received NAC with atezolizumab.
The other three cohorts [36, 37, 40] evaluated patients
who received no adjuvant therapy. Blood sample collec-
tion was conducted after neoadjuvant chemotherapy and
radical cystectomy. Despite significant heterogeneity (I* =
80%, P<0.001), the analysis results showed that patients
with MIBC with a ctDNA-positive state showed poor OS
(HR=4.51, 95% CI [2.64,7.69], P<0.001) (Fig. 3), and it
can be inferred that ctDNA-positive state is correlated
with an unfavorable prognosis.

Impact of ctdna state on PFS

Four studies [35, 37, 39, 41] involving 206 patients with
MIBC reported on the association between the ctDNA
state and progression-free survival (PFS). Carrasco et al.
[35] evaluated patients, among which some were admin-
istered NAC or AC with cisplatin. Papadimitriou et al.
[37] evaluated patients who did not receive adjuvant ther-
apy. Van Dorp et al. [39] evaluated patients who received
NAC with ipilimumab and nivolumab before surgery.
Carrasco et al. [41] evaluated patients who received NAC
or AC treatment, but they did not specify the type of
treatment method. Blood samples were collected after
neoadjuvant chemotherapy and radical cystectomy. A
significant association was observed between a positive
ctDNA state and poor PFS (HR =4.50, 95% CI [2.77,7.30],
P<0.001), with low heterogeneity between the studies
(I’= 0%, P=0.55) (Fig. 4), which highly probably indicates
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Fig. 2 PRISMA flow diagram of literature retrieval. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses

a significant association between positive ctDNA state
and reduced progression-free survival in patient with
MIBC.

Impact of ctdna state on RFS

Five studies [33, 34, 36, 38, 43] and six cohorts, com-
prising a total of 902 patients, reported a relationship
between the ctDNA state and recurrence-free survival
(RES) in patients with MIBC. Patel et al. [33] evaluated
patients among which some received NAC or AC with

cisplatin. Vandekerkhove et al. [34] evaluated patients
who received NAC with cisplatin or carboplatin or PD-1
before surgery. Lindskrog* et al. [36] evaluated patients
who received NAC, but they did not specify the type of
treatment method. Szabados et al. [38] evaluated patients
among which some received NAC with atezolizumab.
Powles et al. [43] evaluated patients among which some
received NAC or AC with atezolizumab. Lindskrog et
al. [36] evaluated patients who did not receive adju-
vant chemotherapy. Blood samples were collected after
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Fig. 3 Forest plot of the association between ctDNA and OS in MIBC patients. ctDNA, circulating tumor DNA; OS, overall survival; MIBC, muscle invasive
bladder cancer; (1), before treatment; (2), after treatment; [N], NAC-naive cohort; [T], NAC-treated cohort; [A], atezolizumab group; [O], observe group
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Fig. 4 Forest plot of the association between ctDNA and PFS in MIBC patients. PFS, progression-free survival; MIBC, muscle invasive bladder cancer; (1),
before treatment; (2), after treatment
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Fig. 5 Forest plot of the association between ctDNA and RFS in MIBC patients. RFS, recurrence-free survival; MIBC, muscle invasive bladder cancer; (1),
before treatment; (2), after treatment; [N], NAC-naive cohort; [T], NAC-treated cohort; [A], atezolizumab group; [O], observe group

neoadjuvant chemotherapy and radical cystectomy. Subgroup analysis

The results showed in large probability that patients According to Vandekerkhove et al. [33, 34, 36, 38, 43],

with MIBC with a ctDNA-positive state had a poor RES  the ctDNA state and level may change during treatment.

(HR=6.56, 95% CI [4.18,10.30], P<0.001), with a high  Furthermore, the ctDNA state post-treatment was found

heterogeneity (I> = 61%, P=0.006) (Fig. 5). to be significantly lower than that in samples collected
before or during treatment (Kruskal-Wallis P=2.4* e~7
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cancer. [T], NAC-treated cohort; [A], atezolizumab group; [O], observe group
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Fig. 7 Subgroup analyses of (A) OS, (B) PFS and (C) RFS according to time. OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival;

(1), before treatment; (2), after treatment; [N], NAC-naive cohort; [T], NAC-t

), indicating the importance of this factor in future clini-
cal work. As a result, the patient cohorts in of the stud-
ies included in our meta-analysis were divided into two
subgroups based on the time of treatment: pre-treatment
and post-treatment. The results of subgroup analysis
indicated that a positive ctDNA state was probably sig-
nificantly associated with a poorer OS, PES, and REFS
in patients with MIBC both pre- and post-treatment
(Fig. 6).

Impact of dynamic ctdna state on RFS

Three studies, comprising a total of 741 patients [36, 42,
43], reported on the relationship between the dynamic
ctDNA state and recurrence-free survival (RFS) in
patients with MIBC. Powles et al. [43] evaluated patients
among which some were administered NAC or AC with
atezolizumab. The other two studies [36, 42] evaluated
patients who received NAC, but they did not specify
the type of treatment method. Blood samples were col-
lected after neoadjuvant chemotherapy and radical cys-
tectomy. As shown in Fig. 7, there was no heterogeneity
(I’= 0, P=0.70) among the studies, and the results of our
analysis indicated that patients with MIBC who exhib-
ited clearance of ctDNA post-treatment had a better RFS
(HR=0.24, 95% CI [0.14,0.41], P<0.001), which means
that clearance of ctDNA is likely to be an indicator of
curative effect and guide treatment.

reated cohort; [A], atezolizumab group; [O], observe group

Sensitivity analysis

Sensitivity analyses were conducted on the results of the
studies included in this review to evaluate the stability
of the meta-analysis models. Changes in the overall HR
estimates for these survival outcomes were not signifi-
cant, indicating that our meta-analysis results were stable
(Fig. 8).

Discussion

Bladder cancer is the 10th most common cancer in the
world, with number of deaths caused by this disease
increasing each year [44]. At present, the main prognos-
tic indicators for patients with MIBC are histopathologi-
cal indicators, such as tumor stage and lymph node state,
for which molecular markers serve as auxiliary predictive
indicators. The ctDNA, that is, the DNA released into the
blood by necrotic and apoptotic cancer cells, has diag-
nostic, therapeutic, and prognostic value in clinical prac-
tice [45]. To the best of our knowledge, this review is the
first to assess the role of ctDNA monitoring in predict-
ing the prognosis of patients with MIBC. Ultimately, 11
studies were included in our meta-analysis, comprising
a total of 1,170 patients. First, we found that a positive
ctDNA state among patients with MIBC was positively
correlated with a lower OS, PFS, and RFS. In addition,
we analyzed the dynamic changes in the ctDNA state
of patients with MIBC, concluding that patients with
ctDNA clearance after treatment had a better RFS. The
results of subgroup analysis showed that the ctDNA state
pre- and post-treatment was significantly correlated with
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Fig. 8 Sensitivity analysis of results for (A) OS, (B) PFS and (C) RFS in MIBC patients OS, overall survival; PFS, progression-free survival; RFS, recurrence-free
survival; MIBC, muscle invasive bladder cancer; (1), before treatment; (2), after treatment; [N], NAC-naive cohort; [T], NAC-treated cohort; [A], atezolizumab

group; [O], observe group

prognosis. Furthermore, the treatment methods included
in our analysis were not entirely consistent, indicating
that the prognostic and predictive role of ctDNA has a
wide range of applicable populations.

At present, the relationship between the ctDNA state
and prognosis of patients with bladder cancer remains
unclear. Crupi et al. [16] conducted a systematic review
including a total of six studies and 845 patients with
MIBC. Their review confirmed the significant prognos-
tic role of ctDNA state after cystectomy and identified
the potential predictive benefits of NAC and preopera-
tive immunotherapy environment, serving as a basis for
patient stratification and the development of personal-
ized treatment plans in clinical practice. However, due to
patient heterogeneity, different endpoints, and the time
points of ctDNA analysis, statistical analysis was not con-
ducted. A meta-analysis conducted by Gogenur et al. [46]
included several different cancers and reached a similar
conclusion: ctDNA detection at different time points of
patients with new adjuvant therapy is significantly corre-
lated with recurrence. Building on Crupi’s foundation, the
present study introduces several recent studies [35-37,

39, 40], all of which included patients with MIBC. Unlike
previous studies, several retrospective studies [34, 36, 40,
43] were also included in this study, and a meta-analysis
was conducted, allowing for a more intuitive analysis to
be conducted compared to a simple review.

Meanwhile, a considerable number of studies have dis-
cussed the relationship between ctDNA state and other
cancers, including meningioma, esophageal cancer, lung
cancer, and colorectal cancer [45, 47—-49]. These studies
have shown that a high or positive ctDNA state is asso-
ciated with a poor prognosis. According to Chen et al.
[48], the transition of the ctDNA state during the periop-
erative period may be indicative of the therapeutic effect,
acting as a guide for postoperative treatment. There-
fore, we believe that the transition of the ctDNA state in
patients with MIBC shows potential as a topic of research
in postoperative adjuvant therapy.

In addition to plasma ctDNA, other molecular markers
have also been widely used in the prediction and prog-
nosis of bladder cancer. Abe et al. [50] demonstrated the
predictive and prognostic value of urine granule DNA in
recurrent bladder cancer and found that the monitoring
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of the urine pellet DNA variant allele frequency (UpDNA
VAF) has reasonable clinical efficacy in patients with
bladder cancer. According to Wang et al. [13], snoRNA
and lincRNA play an important role in the occurrence
and development of bladder cancer, which may be related
to the prognosis of cancer.

The mechanism by which ctDNA plays a role in patient
prognosis is not yet clear. The most widely accepted view
is that ctDNA carries genetic characteristics related to
tumor cells, such as gene mutations, methylation, ampli-
fication, or rearrangement, and can serve as an important
indicator for tumor screening, diagnosis, treatment effi-
cacy evaluation, and prognostic risk stratification. The
level of ctDNA generally shows dynamic changes and is
influenced by multiple factors. Among these, factors such
as the pathological type, location, and stage of tumor tis-
sue may affect the release of ctDNA. A large amount of
DNA from other sources may interfere with the moni-
toring of ctDNA. Since the half-life of ctDNA is rela-
tively short (generally <2 h), the use of different sampling
times, preservation methods, and detection methods
may lead to differing results. Some chemotherapy drugs
or immunosuppressants can also affect ctDNA content.
These are among some of the obstacles currently hinder-
ing the continued application of ctDNA detection.

The pathological response is closely related the ctDNA
state. Due to limited data available and the different
outcome variables, quantitative analysis cannot be con-
ducted. Carrasco et al. [41] found that the ctDNA state
during bladder resection was directly related to a higher
pathological stage in patients with MIBC; in other words,
patients with positive ctDNA tended to have more
advanced disease. Christensen et al. [51] found that the
presence and dynamics of ctDNA during chemotherapy
were associated with decreased pathological staging.
Lindskrog et al. [36] found that the ctDNA state and
dynamics during NAC were highly correlated with path-
ological staging (P <0.0001). In addition, in predicting the
treatment efficacy and patient prognosis after RC, the
ctDNA state before RC and the ctDNA dynamics dur-
ing NAC were found to be superior to pathological stag-
ing. Papadimitriou et al. [37] summarized the cell free
DNA (cfDNA) level as being closely related to a higher
degree of pathological tumor staging (P<0.05). Van Dorp
et al. [39] observed no correlation between preopera-
tive urinary ctDNA deletion and pathological reactions
(P=0.39). Despite its relevance and importance, a meta-
analysis on the correlation between the ctDNA state and
the pathological response in patients treated with a neo-
adjuvant strategy cannot be conducted at present due to
different outcome variables.

The systematic review and meta-analysis presented
in this study has several limitations that warrant con-
sideration. Firstly, the geographical distribution of the
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included studies may introduce biases related to racial or
regional factors, potentially affecting the generalizabil-
ity of the findings. Secondly, regarding sample size and
follow-up duration, only two studies featured large sam-
ple sizes, while the majority had smaller samples; nota-
bly, one study had a particularly short follow-up period.
Additionally, the number of studies included in each
analysis was limited to fewer than ten, which complicates
the interpretation of funnel plot asymmetry. Further-
more, due to the relatively small overall sample size, it
was not feasible to conduct a robust assessment of publi-
cation bias [52, 53]. This limitation is significant and may
contribute to observed heterogeneity. Moreover, varia-
tions in therapeutic approaches, timing of sample collec-
tion, and methods of sample testing could also be sources
of heterogeneity. Therefore, future prospective clinical
studies with larger sample sizes are necessary to more
accurately evaluate the relationship between ctDNA lev-
els and patient prognosis in MIBC, as well as to validate
our findings.

Conclusions

This systematic review and meta-analysis found that a
positive ctDNA state in patients with MIBC was associ-
ated with a poor OS, PFS, and RFS, while ctDNA clear-
ance post-treatment was associated with a longer RES.
These results indicate that ctDNA state shows promise
as a prognostic factor for patients with MIBC, suggesting
that the use of ctDNA could facilitate the early diagnosis
and treatment of bladder cancer to some extent.

Abbreviations

MIBC Muscle invasive bladder cancer

CtDNA Circulating tumor DNA

PRISMA Preferred Reporting Items for Systematic Review and
Meta-analysis

HR Hazard ratios

a Confidence intervals

(o) Overall survival

PFS Progression-free survival

RFS Recurrence-free survival

NMIBC Non-muscle-invasive bladder carcinoma

EAU European Association of Urology

RC Radical cystectomy

Pcr Pathologic complete response

ddPCR Droplet digital polymerase chain reaction

NGS Next-generation sequencing

MRD Minimal residual disease

MOOSE Meta-Analysis of Observational Studies in Epidemiology

NAC Neoadjuvant chemotherapy

AC Adjuvant chemotherapy

NOS Newcastle-Ottawa Quality Assessment Scale

UpDNAVAF  Urine pellet DNA variant allele frequency

cfDNA Cell free DNA

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512935-025-03707-z.

Supplementary Material 1: Additional file 1: Title of data: Search strategy.
Description of data: Complete retrieval strategy in the PubMed, EMBASE,



https://doi.org/10.1186/s12935-025-03707-z
https://doi.org/10.1186/s12935-025-03707-z

Gao et al. Cancer Cell International (2025) 25:75

and the Cochrane Library.

Supplementary Material 2: Additional file 2: Title of data: Detailed quality
assessment of cohort study. Description of data: A study can be awarded
a maximum of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Compa-
rability. Studies rates > 6 are eligible. NOS, Newcastle-Ottawa Scale. *, this
study has two different cohorts that can be included in the meta-analysis.
PCS, prospective cohort study. A study can be awarded a maximum of
one star for each numbered item within the Selection and Outcome cat-
egories. A maximum of two stars can be given for Comparability. Studies
rates > 6 are eligible. Xa not qualified study. NOS, Newcastle-Ottawa Scale.

Acknowledgements
Not applicable.

Author contributions

XDG and WQQ contributed to the design and BKS and XWJ provided
administrative support. XDG, WQQ, PZD, DYG, JXL and YYX collected and
extracted data, and conducted statistical analysis. The Manuscript writing and
final approval of the manuscript are jointly undertaken by all authors.

Funding
This work was supported by the Natural Science Foundation of Shandong
Province (Grant No. ZR2023QH010).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Department of Urology, Qilu Hospital of Shandong University, Jinan,
China

Received: 24 May 2024 / Accepted: 19 February 2025
Published online: 01 March 2025

References

1. Lopez-Beltran A, Cookson MS, Guercio BJ, Cheng L. Advances in diagnosis
and treatment of bladder cancer. BMJ. 2024,384.076743.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

3. Flaig TW, Spiess PE, Abern M, Agarwal N, Bangs R, Boorjian SA, et al. NCCN
Guidelines(R) insights: bladder cancer, version 2.2022. J Natl Compr Canc
Netw. 2022;20(8):866-78.

4. Mohanty SK, Lobo A, Mishra SK, Cheng L. Precision medicine in bladder
cancer: present challenges and future directions. J Pers Med. 2023;13(5).

5. Konieczkowski DJ, Efstathiou JA, Mouw KW. Contemporary and emerging
approaches to bladder-Preserving trimodality therapy for Muscle-Invasive
bladder Cancer. Hematol Oncol Clin North Am. 2021,35(3):567-84.

6. Lobo N, Afferi L, Moschini M, Mostafid H, Porten S, Psutka SP, et al. Epide-
miology, screening, and prevention of bladder Cancer. Eur Urol Oncol.
2022,5(6):628-39.

7. Dyrskjot L, Hansel DE, Efstathiou JA, Knowles MA, Galsky MD, Teoh J, et al.
Bladder cancer. Nat Rev Dis Primers. 2023;9(1):58.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 11 of 12

Kamat AM, Hahn NM, Efstathiou JA, Lerner SP, Malmstrom PU, Choi W, et al.
Bladder cancer Lancet. 2016;388(10061):2796-810.

Cheng L, Lopez-Beltran A, Bostwick DG. Bladder pathology. Hoboken, N.J.:
Wiley-Blackwell; 2012. vii, 754 p. p.

Alfred Witjes J, Max Bruins H, Carrion A, Cathomas R, Comperat E, Efstathiou
JA, et al. European association of urology guidelines on Muscle-invasive

and metastatic bladder cancer: summary of the 2023 guidelines. Eur Urol.
2024;85(1):17-31.

Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced
bladder cancer in 2020. CA Cancer J Clin. 2020;70(5):404-23.

Petrelli F, Coinu A, Cabiddu M, Ghilardi M, Vavassori |, Barni S. Correlation of
pathologic complete response with survival after neoadjuvant chemo-
therapy in bladder cancer treated with cystectomy: a meta-analysis. Eur Urol.
2014;65(2):350-7.

Wang H, Feng Y, Zheng X, Xu X. The diagnostic and therapeutic role of snorna
and LincRNA in bladder Cancer. Cancers (Basel). 2023;15(4).

Ma SY, An'Y, Sun JX, Xu MY, Liu CQ, Xu JZ, et al. The effect of different timing
of blood transfusion on oncological outcomes of patients undergoing radical
cystectomy for bladder cancer: a systematic review and meta-analysis. Front
Oncol. 2023;13:1223592.

Mori K, Yanagisawa T, Katayama S, Laukhtina E, Pradere B, Mostafaei H, et

al. Impact of sex on outcomes after surgery for non-muscle-invasive and
muscle-invasive bladder urothelial carcinoma: a systematic review and meta-
analysis. World J Urol. 2023;41(4):909-19.

Crupi E, de Padua TC, Marandino L, Raggi D, Dyrskjot L, Spiess PE, et al. Circu-
lating tumor DNA as a predictive and prognostic biomarker in the periopera-
tive treatment of Muscle-invasive bladder cancer: A systematic review. Eur
Urol Oncol. 2024:7(1):44-52.

Tan MP, Attard G, Huddart RA. Circulating tumour DNA in Muscle-Invasive
bladder Cancer. Int J Mol Sci. 2018;19(9).

Gerke MB, Jansen CS, Bilen MA. Circulating tumor DNA in genitourinary
cancers: detection, prognostics, and therapeutic implications. Cancers (Basel).
2024;16(12).

Powles T, Assaf ZJ, Degaonkar V, Grivas P, Hussain M, Oudard S, et al. Updated
overall survival by Circulating tumor DNA status from the phase 3 IMvigor010
trial: adjuvant Atezolizumab versus observation in Muscle-invasive urothelial
carcinoma. Eur Urol. 2024;85(2):114-22.

Christensen E, Birkenkamp-Demtroder K, Sethi H, Shchegrova S, Salari R,
Nordentoft |, et al. Early detection of metastatic relapse and monitoring of
therapeutic efficacy by Ultra-Deep sequencing of plasma Cell-Free DNA in
patients with urothelial bladder carcinoma. J Clin Oncol. 2019;37(18):1547-57.
Nordentoft |, Lindskrog SV, Birkenkamp-Demtroder K, Gonzalez S, Kuzman M,
Levatic J, et al. Whole-genome mutational analysis for tumor-informed detec-
tion of Circulating tumor DNA in patients with urothelial carcinoma. Eur Urol.
2024;86(4):301-11.

Ma L, Guo H, ZhaoY, Liu Z, Wang C, Bu J, et al. Liquid biopsy in cancer cur-
rent: status, challenges and future prospects. Signal Transduct Target Ther.
2024;9(1):336.

Sfakianos JP, Basu A, Laliotis G, Cumarasamy S, Rich JM, Kommalapati A et al.
Association of tumor-informed Circulating tumor DNA detectability before
and after radical cystectomy with Disease-free survival in patients with blad-
der Cancer. Eur Urol Oncol. 2024.

Ben-David R, Tillu N, Cumarasamy S, Alerasool P, Rich JM, Kaufmann B, et al.
Longitudinal tumor-informed Circulating tumor DNA status predicts disease
upstaging and poor prognosis for patients undergoing radical cystectomy.
Eur Urol Oncol. 2024;7(5):1105-12.

BinHumaid FS, Goel A, Gordon NS, Abbotts B, Cheng KK, Zeegers MP, et al.
Circulating tumour DNA detection by the Urine-Informed analysis of archival
serum samples from Muscle-Invasive bladder Cancer patients. Eur Urol.
2024;85(5):508-9.

Huelster HL, Gould B, Schiftan EA, Camperlengo L, Davaro F, Rose KM, et al.
Novel use of Circulating tumor DNA to identify Muscle-invasive and Non-
organ-confined upper tract urothelial carcinoma. Eur Urol. 2024;85(3):283-92.
Diehl F, Schmidt K, Choti MA, Romans K, Goodman S, Li M, et al. Circulating
mutant DNA to assess tumor dynamics. Nat Med. 2008;14(9):985-90.
Garcia-Murillas I, Schiavon G, Weigelt B, Ng C, Hrebien S, Cutts RJ, et al. Muta-
tion tracking in Circulating tumor DNA predicts relapse in early breast cancer.
Sci Transl Med. 2015;7(302):302ra133.

Abbosh C, Birkbak NJ, Wilson GA, Jamal-Hanjani M, Constantin T, Salari R, et
al. Phylogenetic ctdna analysis depicts early-stage lung cancer evolution.
Nature. 2017,545(7655):446-51.



Gao et al. Cancer Cell International

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2025) 25:75

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of observational studies in epidemiology (MOOSE) group.
JAMA. 2000;283(15):2008-12.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:02700.

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods

for incorporating summary time-to-event data into meta-analysis. Trials.
2007;8:16.

Patel KM, van der Vos KE, Smith CG, Mouliere F, Tsui D, Morris J, et al. Associa-
tion of plasma and urinary mutant DNA with clinical outcomes in muscle
invasive bladder Cancer. Sci Rep. 2017,7(1):5554.

Vandekerkhove G, Lavoie JM, Annala M, Murtha AJ, Sundahl N, Walz S, et

al. Plasma ctdna is a tumor tissue surrogate and enables clinical-genomic
stratification of metastatic bladder cancer. Nat Commun. 2021;12(1):184.
Carrasco R, Ingelmo-Torres M, Trullas R, Roldan FL, Rodriguez-Carunchio L,
Juez L et al. Tumor-Agnostic Circulating tumor DNA testing for monitoring
Muscle-Invasive bladder Cancer. Int J Mol Sci. 2023:24(23).

Lindskrog SV, Birkenkamp-Demtroder K, Nordentoft |, Laliotis G, Lamy P,
Christensen E, et al. Circulating tumor DNA analysis in advanced urothelial
carcinoma: insights from biological analysis and extended clinical Follow-up.
Clin Cancer Res. 2023;29(23):4797-807.

Papadimitriou MA, Levis P, Kotronopoulos G, Stravodimos K, Avgeris M, Scori-
las A. Preoperative Cell-Free DNA (cfDNA) in Muscle-Invasive bladder Cancer
treatment outcome. Clin Chem. 2023,69(4):399-410.

Szabados B, Kockx M, Assaf ZJ, van Dam PJ, Rodriguez-Vida A, Duran |, et al.
Final results of neoadjuvant Atezolizumab in Cisplatin-ineligible patients with
Muscle-invasive urothelial Cancer of the bladder. Eur Urol. 2022;82(2):212-22.
van Dorp J, Pipinikas C, Suelmann BBM, Mehra N, van Dijk N, Marsico G, et

al. High- or low-dose preoperative ipilimumab plus nivolumab in stage Ill
urothelial cancer: the phase 1B NABUCCO trial. Nat Med. 2023;29(3):588-92.
Powles T, Assaf ZJ, Degaonkar V, Grivas P, Hussain M, Oudard S et al. Updated
overall survival by Circulating tumor DNA status from the phase 3 IMvigor010
trial: adjuvant Atezolizumab versus observation in Muscle-invasive urothelial
carcinoma. Eur Urol. 2023.

Carrasco R, Ingelmo-Torres M, Gomez A, Trullas R, Roldan FL, Ajami T, et al.
Cell-Free DNA as a prognostic biomarker for monitoring Muscle-Invasive
bladder Cancer. Int J Mol Sci. 2022;23:19.

Christensen E, Nordentoft |, Elbzek SK, Birkenkamp-Demtroder K, Taber A,
Andreasen TG et al. Cell-free urine- and plasma DNA mutational analysis

45.

46.

47.

48.

49.

50.

51.

52.

Page 12 of 12

predicts neoadjuvant chemotherapy response and outcome in patients with
muscle invasive bladder cancer. 2022.

Powles T, Assaf ZJ, Davarpanah N, Banchereau R, Szabados BE, Yuen KC, et al.
CtDNA guiding adjuvant immunotherapy in urothelial carcinoma. Nature.
2021;595(7867):432-7.

Lu L, Chen C, Cheng H, Ding H, Tian J, Wang H, et al. Comparison of 3 and 4
cycles of neoadjuvant gemcitabine and cisplatin for muscle-invasive bladder
cancer: a systematic review and meta-analysis. BMC Cancer. 2023;23(1):1066.
Zhang Y, Du H,Wang N, Wang L, Huang Y. An update of clinical value of
Circulating tumor DNA in esophageal cancer: a systematic review and meta-
analysis. BMC Cancer. 2024;24(1):129.

Gogenur M, Hadi NA, Qvortrup C, Andersen CL, Gogenur |. CtDNA for risk of
recurrence assessment in patients treated with neoadjuvant treatment: A
systematic review and Meta-analysis. Ann Surg Oncol. 2022;29(13):8666-74.
Wijaya JH, Patel UD, Quintero-Consuegra MD, Aguilera-Pena MP, Madrinan-
Navia HJ, Putra AW, et al. Liquid biopsy in the setting of leptomenin-

geal metastases: a systematic review and meta-analysis. J Neurooncol.
2023;165(3):431-8.

Chen D, Guo J, Huang H, Tian L, Xie Y, Wu Q. Prognostic value of Circulating
tumor DNA in operable non-small cell lung cancer: a systematic review

and reconstructed individual patient-data based meta-analysis. BMC Med.
2023;21(1):467.

Wullaert L, van Rees JM, Martens JWM, Verheul HMW, Grunhagen DJ, Wilting
SM et al. Circulating tumour DNA as biomarker for colorectal liver metastases:
A systematic review and Meta-Analysis. Cells. 2023;12(21).

Abe M, Hiraki H, Tsuyukubo T, Ono S, Maekawa S, Tamura D et al. The clinical
validity of urinary pellet DNA monitoring for the diagnosis of recurrent blad-
der Cancer. J Mol Diagn. 2024.

Christensen E, Birkenkamp-Demtroder K, Sethi H, Shchegrova S, Salari R,
Nordentoft | et al. Early detection of metastatic relapse and monitoring of
therapeutic efficacy by ultra-deep sequencing of plasma cell-free DNA in
patients with urothelial bladder carcinoma. Cancer Res. 2019;79(13).

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629-34.

Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. 1994;50(4):1088-101.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prognostic and predictive role of circulating tumor DNA detection in patients with muscle invasive bladder cancer: a systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Literature search
	﻿Inclusion and exclusion criteria
	﻿Quality assessment
	﻿Data extraction
	﻿Statistical and meta-analysis

	﻿Results
	﻿Literature screening
	﻿Characteristics of the studies and patient cohorts
	﻿Research quality assessment
	﻿Impact of ctdna state on OS
	﻿Impact of ctdna state on PFS
	﻿Impact of ctdna state on RFS
	﻿Subgroup analysis
	﻿Impact of dynamic ctdna state on RFS
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusions
	﻿References


