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Prognostic value of lymphocyte
to monocyte ratio for the
patients with bladder cancer:
a systematic review and
meta-analysis
Qiang Ren, Yumin Li, Hankai Chen and Yirun Chen*

Department of Urology Surgery, The First People’s Hospital of Jiashan, Jiashan, Zhejiang, China
Objectives: To provide a meta-analysis evaluating the predictive value of

lymphocyte to monocyte ratio (LMR) in the efficacy and prognosis of bladder

cancer patients.

Methods: Web of Science, Embase, Cochrane, and PubMed for literature

searching up to November 2024 to identify research assessing the prognostic

significance of LMR in bladder cancer patients. Outcomes included overall

survival (OS), relapse-free survival (RFS), progression-free survival (PFS), and

cancer-specific survival (CSS). Hazard ratios (HR) and 95% confidence intervals

(CI) were used for data pooling of survival variables. In addition, for investigating

potential heterogeneity sources and assessing the stability of the findings,

sensitivity and subgroup analysis were performed. Review Manger 5.4 and

STATA 15.1 were used to analyze.

Results: Seventeen studies with 7,968 patients with bladder cancer included. The

results indicated a notably shorter OS (HR: 1.56; 95% CI: 1.29, 1.89; P <0.00001),

RFS (HR: 1.74; 95% CI: 1.27, 2.36; P = 0.0005), PFS (HR: 2.04; 95% CI: 1.58, 2.64;

P<0.00001) and CSS (HR: 1.24; 95% CI: 1.01, 1.52; P = 0.04) in patients with low

LMR compared to those with high LMR. Furthermore, subgroup analysis of OS

found that study design, region, and age were the main factors affecting the

correlation between LMR and OS.

Conclusions: LMR can effectively predict the survival and recurrence risk of

bladder cancer patients, helpingin the improvement of their prognosis. Future

research should focus on large-scale, multicenter prospective cohort studies are

still required in the future to evaluate the predictive value of LMR bladder

cancer patients.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/

CRD42024618066 PROSPERO (CRD42024618066).
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1 Introduction

Bladder cancer is the most common cancer in the urinary

system and poses a huge threat to human health. In 2018, an

estimated 549,393 people were diagnosed with bladder cancer for

the first time worldwide, with a direct death toll of 199,922.

In 2020, around 81,400 cases of bladder cancer were newly

identified in the United States, with a death toll of 17,980 (1, 2). The

regions with the highest incidence of bladder cancer are North

America, Europe, andWest Asia, respectively, but the mortality rate

in developing regions is higher than that in developed regions (3).

The cause of bladder cancer is relatively complex and unclear,

including both genetic factors and external environmental factors

(4, 5). Some reports believe that it is related to long-term smoking,

abnormal tryptophan metabolism in the body, and long-term

exposure to aromatic chemicals (5). Symptoms include hematuria,

lower abdominal mass, difficulty urinating, bladder irritation, etc.

(6, 7), which seriously affect people’s physical condition and

gradually attract the attention of the medical community.

Advancements in minimally invasive surgical techniques have

led to transurethral resection of bladder tumor (TURBT) being

increasingly recognized as the primary approach for managing non-

muscle invasive bladder cancer (NMIBC), while also serving as an

essential diagnostic method. Generally, the pathological grade and

stage are determined by the pathological results after TURBT (4, 8).

Among patients with newly diagnosed bladder cancer, 75% are

NMIBC. Among NMIBC, high-risk bladder urothelial carcinoma

has higher invasiveness and diverse disease progression, and the

postoperative recurrence rate can reach 60% to 70% (6, 7). The high

recurrence rate of bladder cancer is associated with a variety of

factors (9, 10). Therefore, exploring the relationship between

various factors and the prognosis of bladder cancer can provide

guidance for the clinical prevention and treatment and prognosis

evaluation of this condition.

The relationship between tumors and inflammation has

gradually become a hot topic of research. Studies have shown that

tumor-related inflammation may promote tumor invasion,

infiltration and metastasis (11–14). The lymphocyte to monocyte

ratio (LMR) is a simple, rapid and economic indicator that can

simultaneously reflect the status of lymphocytes and monocytes. It

can reflect the dynamic relationship between the body’s anti-tumor

immunity and inflammatory response to a certain extent, and has

the predictive advantages of both lymphocytes and monocytes for

tumor prognosis. At present, research has indicated that

preoperative LMR is related to the prognosis of various

malignancies, including ovarian cancer, breast cancer, colon

cancer, lung cancer, and others (15–18). However, its relationship

with the postoperative prognosis of bladder cancer patients has not

yet been clarified.

Although Ma et al. (19) conducted a meta-analysis in 2019

assessing the predictive value of LMR for the prognosis of

individuals with bladder cancer, numerous new clinical studies

have emerged since its publication to examine the prognostic

value of LMR for bladder cancer, and the conclusions are
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inconsistent. Therefore, this article aims to use LMR, an easily

detectable peripheral circulating marker, as the research object, by

conducting meta-analysis. Building on the existing meta-analysis,

combined with the latest research data, the goal is to further

evaluate the prognostic value of LMR of individuals diagnosed

with bladder cancer and provide the latest evidence for the creation

of a bladder cancer prognosis prediction model.
2 Methods

2.1 Literature search

This analysis was conducted following the PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analysis) 2020

statement (20) and was registered in the PROSPERO database

(CRD42024618066). PubMed, Embase, Web of Science, and

Cochrane databases were used for literature searching up to

November, 2024 for studies assessing the prognostic value of

LMR in individuals diagnosed with bladder cancer. We conducted

the literature search using the terms: “lymphocyte”, “monocyte”,

“LMR”, “urinary bladder neoplasms”, and “bladder cancer”, etc.

The spec ific search s tra teg ies used in PubMed are :

((((“Lymphocytes”[Mesh]) OR (((Lymphocyte) OR (Lymphoid

Cells)) OR (Lymphoid Cell))) AND ((“Monocytes”[Mesh]) OR

(Monocyte))) AND (ratio)) AND ((“Urinary Bladder

Neoplasms”[Mesh]) OR ((((((((((Urinary Bladder Neoplasm) OR

(Bladder Neoplasms)) OR (Bladder Neoplasm)) OR (Bladder

Tumors)) OR (Bladder Tumor)) OR (Urinary Bladder Cancer))

OR (Bladder Cancer)) OR (Bladder Cancers)) OR (Cancer of

Bladder)) OR (Cancer of the Bladder))). Next, we conducted a

manual review of the reference lists of every study that was

considered. Two authors conducted the retrieval and assessment

of qualifying articles independently. Any disagreements in the

literature retrieval process were resolved through discussion.

Supplementary Table S1 contains the comprehensive literature

search strategy.
2.2 Inclusion and exclusion criteria

Inclusion criteria for articles were determined based on the

following criteria: (1) the study design had to be a randomized

controlled trial, cohort study, or case-control study; (2) the study

was performed on patients with bladder cancer; (3) studies assessed

the role of LMR in the prognosis of bladder cancer patients; (4) one

or more survival outcomes (such as: overall survival (OS), disease-

free survival (DFS), relapse-free survival (RFS), progression-free

survival (PFS), cancer-specific survival (CSS), etc.) were assessed;

(5) sufficient data to analyze hazard ratio (HR), risk ratio (RR) or

odds ratio (OR). We excluded non-original studies (such as

abstracts, letters, corrections, comments, and replies), study

protocols, unpublished research, reviews, and studies that lacked

sufficient data.
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2.3 Data abstraction

Two authors independently performed data extraction, and any

discrepancies were resolved by another author. The following data

was extracted from the included studies: first author name, year of

publishing, study duration, study country, study design, types of

tumors, treatments, sample size, age, LMR cut-off, OS, CSS, PFS and

RFS. In cases where the available data were incomplete, the primary

authors were approached to provide the full data, if accessible.
2.4 Quality evaluation

The quality of the selected cohort studies was evaluated

according to the Newcastle-Ottawa Scale (NOS) (21), with studies

scoring between 7 and 9 points classified as high quality (22).
Frontiers in Oncology 03
The evaluation of all selected studies was independently

conducted by two authors, with any discrepancies were resolved

via discussion.
2.5 Statistical analysis

Review Manager 5.4.1 was used for analyzing. Survival data

were synthesized using hazard ratios (HR) and 95% confidence

intervals (CIs). Heterogeneity for each outcome was evaluated

through inconsistency index (I2) and the chi-squared (c2) test

(Cochran’s Q) (23). High heterogeneity was defined as a c2 P

value below 0.1 or an I2 value exceeding 50%.

The random-effects model was used to estimate the overall HR

for all outcomes. Additionally, we conducted subgroup analyses to

assess potential confounders, provided that sufficient data were
FIGURE 1

Flowchart of the systematic search and selection process.
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TABLE 1 Characteristics and quality assessment of included cohort studies.
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Study Study period Country Study design Types of tumors Treatme

Adamkiewicz 2021 (25) NA Poland Retrospective cohort NMIBC
TURBT follo
immunother

Albisinni 2019 (26) 2013-2018 Belgium Prospective cohort MIBC Radical cyste

Batur 2021 (27) 2009-2019 Turkey Retrospective cohort NMIBC and MIBC TURBT

Cantiello 2018 (28) 2002-2012 Italy Prospective cohort NMIBC TURBT

D’Andrea 2017 (29) 2006-2016 Japan Retrospective cohort NMIBC and MIBC Radical cyste

Karan 2023 (30) 2008-2020 Turkey Retrospective cohort MIBC
Chemothera
definitive/pa

Kim 2021 (31) 2000-2007 Korea Retrospective cohort NMIBC TURBT

Kool 2022 (32) 2001-2017 Canada Retrospective cohort MIBC

Initial maxim
of the bladd
radiotherapy
chemotherap

Lee 2015 (33) 2011-2013 UK Retrospective cohort NMIBC and MIBC TURBT

Li 2022 (34) 2014-2020 China Retrospective cohort NMIBC
TURBT follo
immunother

Shi 2020 (35) 2009-2018 China Retrospective cohort MIBC Radical cyste

Tang 2020 (36) 2014-2020 China Retrospective cohort NMIBC and MIBC Radical cyste

Wang 2019 (37) 2010-2018 China Retrospective cohort NMIBC TURBT

Yildiz 2021 (38) 2017-2018 Turkey Prospective cohort NMIBC TURBT

Yoshida 2016 (39) 1995-2013 Japan Retrospective cohort NMIBC and MIBC Radical cyste

Zhang 2015 (40) 2009 China Retrospective cohort NMIBC and MIBC Radical cyste

Zhang 2024 (41) 2012-2022 China Retrospective cohort MIBC Radical cyste
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available. Sensitivity analysis was also employed to determine each

study’s influence on the overall HR for each outcome. Additionally,

we evaluated the publication bias by funnel plots and Egger’s

regression tests (24) conducted with Stata 15.1 edition (Stata

Corp, College Station, Texas, USA). Publication bias was

considered statistically significant if the P-value was <0.05.
3 Results

3.1 Literature retrieval, study
characteristics, and baseline

Figure 1 presents the diagram outlining the process of literature

retrieval and selection. A comprehensive literature search identified

a total of 275 relevant studies across four databases: PubMed (n =

69), Embase (n = 117), Web of Science (n = 88), and Cochrane (n =

1). After eliminating duplicates, 166 records underwent screening

based on their titles and abstracts. Finally, 17 cohort studies

including 7,968 patients were incorporated into the meta-analysis

(25–41). The characteristics and quality evaluation are detailed

in Table 1.
3.2 OS

Data on OS were pooled from 11 cohort studies, with the meta-

analysis indicating a significantly shorter OS in the low LMR group

(HR: 1.56; 95% CI: 1.29, 1.89; P <0.00001). Significant heterogeneity

was detected (I2 = 63%, P = 0.002) (Figure 2). Subgroup analysis was

performed according to study design, types of tumors, region,

sample size, age, and cut-off. The results showed that LMR had

no significant predictive value for OS in the prospective study

subgroup, European and American subgroups, and subgroups aged

≥ 70 years. In the remaining subgroups, LMR was still significantly

associated with OS. The detailed subgroup analysis results are

shown in Table 2.
Frontiers in Oncology 05
3.3 RFS

Data on RFS were aggregated from 8 cohort studies, with meta-

analysis demonstrating a notably reduced in the low LMR group

(HR: 1.74; 95% CI: 1.27, 2.36; P = 0.0005). Significant heterogeneity

was detected (I2 = 90%, P <0.00001) (Figure 3).
3.4 PFS

The PFS data were combined from 6 cohort studies, with the

meta-analysis showing a significantly reduced PFS in the low LMR

group (HR: 2.04; 95% CI: 1.58, 2.64; P<0.00001). Significant

heterogeneity was detected (I2 = 70%, P = 0.0006) (Figure 4A).
3.5 CSS

The CSS data were combined from 4 cohort studies, and the

meta-analysis indicated a considerably shorter CSS in the low LMR

group (HR: 1.24; 95% CI: 1.01, 1.52; P = 0.04). Notable

heterogeneity was detected (I2 = 69%, P = 0.02) (Figure 4B).
3.6 Publication bias and sensitivity analysis

To evaluate potential publication bias, funnel plots and Egger’s

regression tests were performed for OS, RFS, PFS, and CSS. No

indication of publication bias was detected for OS (Egger’s test

P = 0.080) (Figure 5A), RFS (Egger’s test P = 0.169) (Figure 5B), PFS

(Egger’s test P = 0.434) (Figure 5C), and CSS (Egger’s test P = 0.830)

(Figure 5D), either statistically (via Egger’s test) or visually (via

funnel plots). Additionally, we conducted sensitivity analysis on the

OS, RFS, PFS, and CSS to evaluate the impact of each cohort study

on the overall HR by sequentially excluding one study at a time.

Sensitivity analysis showed that excluding each cohort study did not

notably affect the total HR for OS (Figure 6A), RFS (Figure 6B) and
FIGURE 2

Forest plots of OS.
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PFS (Figure 6C). However, the sensitivity analysis of CSS found that

when the data of Cantiello 2018, D’Andrea 2017, and Yoshida 2016

were excluded, the correlation between LMR and CSS changed from

significant to insignificant, suggesting that this indicator is currently

unstable (Figure 6D).
4 Discussion

In order to more effectively assess the prognostic risk and

achieve the goal of personalized precision treatment, prognostic

markers with high predictive value are needed. Conventional

peripheral blood testing has the advantages of being easy to

operate and inexpensive. Bladder cancer is a heterogeneous

disease that is prone to recurrence and invasion, and has a high

mortality rate. Exploring peripheral blood markers with predictive

value can assist in identifying high-risk groups as early as possible

so that active intervention can be taken to enhance the prognosis of

individuals diagnosed with a bladder cancer. This study identified

17 clinical studies through systematic literature retrieval and

screening and conducted a meta-analysis to explore the predictive

significance of LMR on the prognostic risk of bladder cancer

patients and its potential influencing factors.
Frontiers in Oncology 06
This study found that LMR can significantly predict OS, RFS,

PFS, and CSS in bladder cancer. Except for the sensitivity analysis of

CSS, which revealed instability, the significant correlations between

LMR and OS, RFS, and PFS were stable, and no significant

publication bias was observed, which further demonstrated the

reliability of the evidence in this study. Consistent with this study,

a meta-analysis by Ma et al. (19) summarized 9 studies and revealed

a strong association between LMR and OS, RFS, and CSS in patients

with bladder cancer. However, unlike this study, the study by Ma

et al. did not report the link between LMR and PFS due to

insufficient data. Therefore, this study made up for the

shortcomings of previous studies on the basis of further

confirming the predictive value of LMR for individuals diagnosed

with bladder cancer.

Regarding the findings of subgroup analysis, this study found

that study design, region, and age were the main factors affecting the

correlation between LMR and OS. First, the prospective study did

not observe a correlation between LMR and OS, but considering

that only one study was prospectively designed, the conclusion lacks

reliability and needs further research to confirm. Second, most of

the literature incorporated in this study came from Asia, and there

were only three literatures from Europe and America, so the

negative results may also be related to insufficient sample size.

However, the differences in bladder cancer incidence and prognosis

between Asia and Europe and the United States may also affect the

predictive value of LMR, but further research is needed to confirm.

Finally, this study demonstrated that the predictive value of LMR

for OS is better in individuals under 70 years old, and patients ≥70

years old are not sensitive to LMR. In 2021, the European

Association of Urology (EAU) published a new NMIBC

prognostic factor risk group study. The study received data

information from 5295 patients from 17 institutions, and finally

the data of 3401 newly diagnosed patients were used to estimate the

study. The statistical results included high age (>70 years old) as a

prognostic risk factor for NMIBC (42). Considering the significant

changes in the immune and inflammatory levels of elderly patients,

we speculate that the loss of predictive value of LMR in patients

aged ≥70 years may be because its predictive efficacy is masked by

more significant risk factors associated with aging. This also

suggests that the impact of age should be considered when using

LMR to stratify patients clinically.

LMR represents the ratio of lymphocyte count to monocyte

count. Lymphocytes play a crucial role in inducing cytotoxic cell

death and in preventing tumor cell proliferation and metastasis

(43–45). Lymphocytopenia often reflects the severity of the disease

and may lead to tumor cells evading immune surveillance by

tumor-infiltrating lymphocytes (TIL) (46, 47). TIL consists of

lymphocytes which migrate to the tumor microenvironment (48).

TIL can recognize tumor cells and initiate cytotoxic induction of

apoptotic cell death (49). Low levels of TIL have been identified as a

predictor of poor outcomes in patients with colorectal cancer (50,

51). In addition, studies have found that monocytes can promote

tumor progression and metastasis, with several proinflammatory

cytokines produced by monocytes, such as TNF-a and IL-1, being

linked to poor prognosis in cancer patients (52, 53). Tumor-
TABLE 2 Subgroup analysis of LMR and OS.

Subgroup
OS

Study HR [95%CI] P value I2

Total 11 1.56 [1.29-1.89] <0.00001 63%

Study design

Prospective 1 1.28 [0.68-2.41] 0.44 /

Retrospective 10 1.58 [1.30-1.94] <0.00001 67%

Types of tumors

NMIBC 2 1.74 [1.08-2.80] 0.02 40%

MIBC 4 1.73 [1.11-2.68] 0.01 82%

Region

Asia 8 1.70 [1.35-2.14] <0.00001 66%

Europe 2 1.31 [0.74-2.31] 0.35 0%

America 1 1.14 [0.95-1.37] 0.16 /

Sample size

≥200 7 1.78 [1.33-2.40] 0.0001 70%

<200 4 1.25 [1.07-1.47] 0.005 8%

Mean/median age

≥70y 3 1.18 [0.99-1.40] 0.06 0%

<70 5 1.70 [1.20-2.40] 0.003 78%

LMR cut-off

≥3 4 1.42 [1.12-1.79] 0.004 48%

<3 6 1.96 [1.60-2.40] <0.00001 0%
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associated macrophages also originate from circulating monocytes

and have an immunosuppressive effect (54, 55). Therefore, a

reduction in LMR may be related with a poor prognosis in

individuals diagnosed with cancer. Kawai et al. reported that low

LMR can effectively predict poor survival in pancreatic cancer and

speculated that lymphocytes, mainly TILs, play a vital role in

enhancing antitumor immune responses (56). CD4+ T

lymphocytes are crucial for initiating and maintaining antitumor

immunity through cytokine secretion, including IL-2, or by

activating antigen-presenting cells. CD8+ T lymphocytes detect

tumor-associated antigens, directly attack tumor cells, and

prevent their proliferation (45). Monocytes, in contrast,

contribute to tumor invasion and support angiogenesis. Tumor-

associated macrophages, derived from circulating monocytes,

inhibit T cell-mediated antitumor immunity and secrete powerful

pro-angiogenic factors among which are vascular endothelial

growth factor (VEGF)-A and TNF-a (53, 57). Increased
Frontiers in Oncology 07
monocyte counts and decreased lymphocyte counts promote the

formation of a tumor inflammatory microenvironment (56).

Another study indicated that elevated levels of tumor-infiltrating

CD4+ and CD8+ T lymphocy t es wi th in the tumor

microenvironment were strongly linked to prolonged overall

survival (OS) (58).

However, certain limitations of this meta-analysis should be

acknowledged. Firstly, due to the fundamental characteristics of

clinical research, retrospective cohort studies constitute most of the

research analyzed in this study. It is widely acknowledged that

potential confounding factors and risk of bias are the biggest

disadvantages of retrospective studies. In addition, most of the

studies analyzed originate from Asia, while a smaller number come

from Europe and America, and there is a notable absence of data

from Africa and Oceania. As a result, it remains uncertain whether

the results of this study can be generalized to other countries.

Finally, there is obvious instability in the results of LMR in
FIGURE 3

Forest plots of RFS.
FIGURE 4

Forest plots of PFS (A), and CSS (B).
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FIGURE 5

Funnel plots of OS (A), RFS (B), PFS (C) and CSS (D).
FIGURE 6

Sensitivity analysis of OS (A), RFS (B), PFS (C) and CSS (D).
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predicting CSS, so caution should be used when interpreting the

predictive value of LMR for CSS. Subsequent studies should focus

on collecting more comprehensive individual patient data (IPD) to

enable in-depth, multivariate model-based meta-analysis of IPDs

based on uniform adjustment for multiple potential confounders

(including detailed comorbidities, inflammatory status, other blood

parameters, and tumor characteristics). This will greatly enhance

the assessment of the independent predictive value of LMR and help

develop more accurate clinical prediction tools. While

acknowledging some inherent limitations, this analysis is the most

recent and largest one reporting the prognostic predictive value of

LMR in individuals diagnosed with this disease. This study

highlights the critical role of assessing LMR levels in the clinical

treatment. Constructing a highly efficient bladder cancer risk

prediction model incorporating inflammatory indicators such as

LMR could enhance patient outcomes and quality of life.
5 Conclusion

As a clinically accessible, inexpensive, and non-invasive

biomarker, LMR can effectively predict the survival and

recurrence risk of individuals diagnosed with bladder cancer and

help improve their prognosis. Considering the limitations of this

article, such as the majority of retrospective studies, regional

selection bias, potential instability, and heterogeneity, further

large-scale, multicenter, prospective cohort studies are still

required in the future to evaluate the prognostic value of LMR

for patients.
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42. Sylvester RJ, Rodrıǵuez O, Hernández V, Turturica D, Bauerová L, Bruins HM,
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