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Introduction: Numerous studies, including bladder cancer (BLCA), have confirmed the relationship between conventional systemic 
inflammatory biomarkers and the prognosis of tumors. Leukocytes, as the most common factor in inflammatory indicators, have been 
reported to predict prognosis in other tumors. However, we have not seen this research in BLCA. Therefore, we aim to find new blood 
markers to predict the prognosis of patients with transurethral resection of bladder tumor (TURBT).
Methods: Two cohorts from the two different hospitals were used for the specific study. The best cutoff values of leukocytes-related 
indicators were determined according to the ROC curve. Univariate and multivariate Cox regression analysis were used to explore the 
impact of indicators and clinical features on prognosis for patients with TURBT. The KM curve was used to show the impact of 
indicators on the prognosis. According to the consequence of multivariate method, a risk model was established to evaluate the 
prognosis of patients with bladder cancer.
Results: The white blood cell-to-lymphocyte ratio (WLR), the white blood cell-to-hemoglobin ratio (WHR), the white blood cell-to- 
neutrophil ratio (WNR), the white blood cell-to-monocyte ratio (WMR) and the white blood cell-to-erythrocyte ratio (WRR) are 
related to the prognosis of BLCA. The new risk model consisted of WHR, WMR and platelet-to-lymphocyte ratio (PLR), and patients 
with TURBT in the high-risk group had a worse prognosis.
Conclusions: Leukocyte-related preoperative indicators could predict the prognosis of the patients with TURBT and provided some 
guidance for clinical workers.
Keywords: bladder cancer, BLCA, white blood cell-to-lymphocyte ratio, WLR, white blood cell-to-hemoglobin ratio, WHR, white 
blood cell-to-neutrophil ratio, WNR

Introduction
Bladder cancer (BLCA) is 1 of the 10 most common malignant tumors in the world, with approximately 540,000 new 
cases and 200,000 deaths every year.1,2 BLCA can be divided into muscle-invasive bladder cancer (MIBC) and non- 
muscle-invasive bladder cancer (NMIBC) according to whether there is a muscularis invading the bladder wall. NMIBC 
accounts for about 75% of BLCA and is characterized by high recurrence rate and high cost of treatment for patients.3 

Clinical treatment of BLCA is still mainly surgical treatment.4 Nevertheless, the treatment outcome is not satisfactory, 
and other therapeutic strategies should be sought to improve the prognosis of patients. Therefore, we have decided to 
seek new markers that can predict the prognosis of patients with bladder cancer.

So far, considerable research has been done to analyze the prognosis of BLCA. Clinicopathological characteristics, 
such as TNM staging, recurrence, body mass index (BMI), etc can be used as prognostic predictors for patients with 
BLCA.5 Current and past smoking increases the risk of recurrence and death in patients with BLCA.6 The expression of 
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miR-143 in the serum of patients with BLCA is related to clinical stage, lymph node metastasis, distant metastasis and 
prognosis.7 The high expression level of PDK1 in tumor tissues represents a poor prognosis for patients with BLCA.8 

However, the predictive power of some of the above markers for the prognosis of patients with BLCA is not concise, and 
we aim to find a clinically commonly used index to simply predict the prognosis of patients with NMIBC. In BLCA 
patients, some preoperative or postoperative blood test indicators explain the positive prognostic significance. The 
change in neutrophil-to-lymphocyte ratio (NLR) after BLCA surgery was a potential indicator for early diagnosis of 
BLCA recurrence.9 Pretreatment with platelet-to-lymphocyte ratio (PLR) could be used as a biomarker for predicting 
poor prognosis in patients with BLCA.10 There was an independent association between higher preoperative lymphocyte- 
to-monocyte ratio (LMR) and prognosis in patients with BLCA who underwent radical cystectomy (RC).11

White blood cells (WBCs), as a complete cell type in human blood, were rarely reported in BLCA. White blood cell- 
to-hemoglobin ratio (WHR) is very effective in predicting the prognosis of patients with gastric adenocarcinoma.12 The 
absolute count of WBCs has been confirmed to be unrelated to the prognosis in patients with BLCA.13 However, the 
research on other inflammatory indicators related to WBCs have not been reported in BLCA. Thus, we focused on 
studying the impact of leukocyte-related inflammation indicators on the prognosis of BLCA.

Methods
Patient Information Collection
The first cohort in the study consisted of 469 patients who underwent transurethral resection of bladder tumor (TURBT) 
from the Affiliated Hospital of Nantong University from January 1, 2014 to January 4, 2018. In accordance with the 
requirements of repeated patients, no serum data, and no life and death status, unnecessary data was deleted. The 
remaining 385 patients were included in the study cohort, and the follow-up time for this cohort ended on January 1, 
2021. According to the above screening methods, the second cohort in the study consisted of 90 patients who underwent 
TURBT from the Affiliated Tumor Hospital of Nantong University, the most of which were from April 1, 2014 to 
December 31, 2019, and the follow-up time for this cohort ended on September 10, 2021. All patients included in the 
study were verified by the second contributor to verify the correctness of the collected information. All information 
collection was based on the patient’s last blood drawn before surgery.

Inflammation Biomarkers
All serum indicators mentioned in the text include white blood cell-to-lymphocyte ratio (WLR), WHR, white blood cell- 
to-neutrophil ratio (WNR), white blood cell-to-monocyte ratio (WMR) and white blood cell-to-erythrocyte ratio (WRR), 
NLR, LMR and PLR. All ratios were calculated by their absolute counts, respectively. The receiver operating character-
istics (ROC) curve was utilized to determine the best cut-off value of each marker for the patient’s prognosis by the first 
cohort.

The best cut-off value for WLR was 3.6735; the best cut-off value for WHR was 0.0437; the best cut-off value for 
WNR was 1.5764; the best cut-off value for WMR was 14.8778; the best cut-off value for WRR was 1.6592; the best cut- 
off value for NLR was 2.3525; the best cut-off value for LMR was 4.8983; and the best cut-off value for PLR was 
141.5387.

Statistical Analysis
All data statistics in the text were valid with a P value less than 0.05. The follow-up time started from the day of surgery 
and ended with death or the final follow-up termination time. The first cohort was defined as the training set, and the first 
cohort plus the second cohort was defined as the validation set. IBM SPSS Statistics 25, GraphPad Prism 8 and R Studio 
were performed to analyze all the data involved in the study.

Chi-square test (χ2 test) was used to detect the relationship between clinical characteristics (gender, age, BMI, 
recurrence, grade and adjuvant chemotherapy) and serum indicators. Univariate and multivariate Cox regression analysis 
was used to explore the significance of markers and clinical features on prognosis for patients with BLCA underwent 
TURBT. Kaplan–Meier’s (KM) curves, using Log rank test as a statistical method, were used to display indicators for the 
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prognosis of BLCA patients. A new prognostic risk model (Risk = 0.6345*WHR-0.464*WMR+0.6063*PLR) was 
obtained from the results of multi-Cox analysis. The integrated prognostic ROC and KM curve plotting tool for the 
relationship between risk score and gene expression developed by R package “ggplot2”.

Results
Patient Information in the Training Set
A total of 385 patients were included in the training set, and the results are shown in Table 1. As the result showed that 
the expression level of WLR in the serum was significantly related to the tumor grade in BLCA (P = 0.0005, χ2 = 12). 
The expression level of WHR was significantly related to the tumor grade in BLCA (P = 0.005, χ2 = 7.72). The 
expression level of WNR was significantly related to the tumor grade in BLCA (P = 0.002, χ2 = 9.22). There was 
a significant correlation between the expression of WMR and gender (P = 0.01, χ2 = 6.658), age (P = 0.047, χ2 = 3.954), 
and grade (P = 0.032, χ2 = 4.62). The expression level of WRR was significantly related to the tumor grade in BLCA (P = 
0.021, χ2 = 5.3). There was a significant correlation between the expression of NLR and age (P = 0.043, χ2 = 4.1), and 
grade (P = 0.0005, χ2 = 12). There was a significant correlation between the expression of LMR and gender (P = 0.0002, 
χ2 = 13.421), age (P = 0.003, χ2 = 8.868), and grade (P = 0.0002, χ2 = 14). In conclusion, there was a clear relationship 
between preoperative indicators and the grade of BLCA patients with TURBT, and there was no significant correlation 
with the patient’s recurrence and adjuvant chemotherapy methods.

WBC-Related Markers as the Independent Prognostic Factors in the Training Set
Univariate Cox regression analysis showed that age (P = 0.0001, HR = 2.244), tumor grade (P = 0.0003, HR = 2.106), 
WLR (P = 0.0011, HR = 1.818), WHR (P<0.0001, HR = 2.048), WNR (P = 0.0043, HR = 0.591), WMR (P = 0.0004, HR 
= 0.519), WRR (P<0.0001, HR = 2.686), NLR (P = 0.0004, HR = 1.914), LMR (P<0.0001, HR = 0.442) and PLR 
(P<0.0001, HR = 2.107) were the prognostic factors of BLCA patients underwent TURBT (Table 2). Multivariate Cox 
regression analysis showed that age (P = 0.0081, HR = 1.799), tumor grade (P = 0.0367, HR = 1.563), WHR (P = 0.0116, 
HR = 1.886), WMR (P = 0.0447, HR = 0.629) and PLR (P = 0.0039, HR = 1.834) were independent prognostic factors 
for patients with BLCA (Table 2). KM curve was made to exhibit the prognosis of the different expression level of WLR, 
WHR, WNR, WMR, WRR, NLR, LMR and PLR in BLCA (Figure 1A–H). As shown in the figure, the high expression 
of WLR, WHR, WRR, NLR and PLR represented the poor prognosis of patients with BLCA. However, the low 
expression level of WNR, WMR and LMR represented the poor prognosis of patients with BLCA.

A New Risk Model for Patients in the Training Set
According to the results of Cox multivariate methods, we verified three serum indicators (WHR, WMR and PLR) with 
independent prognostic significance to construct a new risk model in the training set. Based on the ROC curve, the cut- 
off value (79.2223) of Risk was determined to divide into high-risk group and low-risk group (Figure 2A). The area 
under the curve (AUC) for 1,3,5-year survival rate was 0.79, 0.59 and 0.62, respectively (Figure 2B). The high-risk 
group had a worse prognosis for patients with BLCA than the lower expression group (Figure 2C, P<0.0001, HR 
= 1.01).

Patient Information in the Validation Set
In order to verify the authenticity and practicability of the research we constructed, we chose a new cohort as the 
verification set. Considering the data error caused by the small number of patients in the Affiliated Cancer Hospital of 
Nantong University, we combined it with the patients in the Affiliated Hospital of Nantong University as a validation set. 
As shown in Supplementary Table 1, all meaningful results in the training set were confirmed in the validation set. In 
addition, we found it that the expression level of WLR in the serum was significantly related to age in BLCA (P = 0.002, 
χ2 = 9.205). The expression level of PLR was significantly related to the tumor grade in BLCA (P = 0.035, χ2 = 4.466). 
The expression level of WLR was significantly related to the adjuvant chemotherapy methods in BLCA (P = 0.044, χ2 = 
4.042). The expression level of NLR was significantly related to the adjuvant chemotherapy methods in BLCA (P = 
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Table 1 Clinical Features of Bladder Cancer Patients Related to Hemocyte Index Involved in the Training Set

Hemocyte 
Index

Patients Gender Age BMI Grade Recurrence Chemotherapy

Male Female ≥65 <65 18.5– 
23.9

<18.5 or 
>23.9

High Low Yes No Gemcitabine Other 
Methods

WLR-High 137 116 21 89 48 40 95 91 44 26 111 66 36

WLR-Low 248 191 57 139 109 83 164 119 125 46 194 134 74

P-value/χ2 0.074/3.201 0.088/2.904 0.427/0.631 0.0005*/12 0.964/0.002 0.961/0.002

WHR-High 149 117 32 87 62 50 96 94 52 30 117 74 43

WHR-Low 236 190 46 141 95 73 163 115 116 42 188 126 67

P-value/χ2 0.637/0.223 0.792/0.07 0.501/0.454 0.005*/7.72 0.605/0.268 0.716/0.132

WNR-High 251 199 52 144 107 84 165 123 124 48 156 137 74

WNR-Low 134 108 26 84 50 39 94 86 44 24 109 63 36

P-value/χ2 0.76/0.093 0.312/1.022 0.379/0.773 0.002*/9.22 0.23 / 1.441 0.825 / 0.049

WMR-High 227 171 56 125 102 65 160 114 110 40 118 117 68

WMR-Low 158 136 22 103 55 58 99 95 58 32 122 83 42

P-value/χ2 0.01*/6.658 0.047*/3.954 0.097/2.748 0.032*/4.62 0.342/0.904 0.569/0.325

WRR-High 64 53 11 42 22 21 42 42 19 10 52 30 16

WRR-Low 321 254 67 186 135 102 217 167 149 62 253 170 94

P-value / χ2 0.503/0.448 0.254/0.304 0.833/0.044 0.021*/5.3 0.515/0.423 0.914/0.012

NLR-High 128 108 20 85 43 39 88 86 39 25 103 60 34

NLR-Low 257 199 58 143 114 84 171 123 129 47 202 140 76

P-value/χ2 0.11/2.55 0.043*/4.1 0.66/0.194 0.0005*/12 0.878/0.024 0.868/0.028

LMR-High 171 122 49 87 84 50 120 75 93 32 135 93 54

LMR-Low 214 185 29 141 73 73 139 134 75 40 170 107 56

P-value/χ2 0.0002*/13.421 0.003*/8.868 0.296/1.09 0.0002*/14 0.978/0.001 0.662/0.191

PLR-High 96 71 25 68 28 34 60 60 34 19 77 47 23

PLR-Low 289 236 53 160 129 89 199 149 134 53 228 153 87

P-value/χ2 0.104/2.646 0.008*/7.141 0.343/0.901 0.059/3.57 0.841/0.04 0.602/0.273

Notes: Statistical analyses were carried out using Pearson χ2 test. *P<0.05 was considered significant. 
Abbreviations: BMI, body mass index; WLR, white blood cell-to-lymphocyte ratio; WHR, white blood cell-to-hemoglobin ratio; WNR, white blood cell-to-neutrophil ratio; WMR, white blood cell-to-monocyte ratio; WRR, white 
blood cell-to-erythrocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio.
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0.023, χ2 = 5.165). Moreover, the Risk was also related to the age (P = 0.001, χ2 = 10.444) and grade (P = 0.031, χ2 = 
4.641) in patients with BLCA who underwent TURBT.

WBC-Related Markers as the Independent Prognostic Factors in the Validation Set
The results of univariate Cox regression analysis obtained in the validation set were consistent with the conclusion in the 
training set (Supplementary Table 2). The Risk was also an independent prognostic factor for the validation set (P<0.001, 
HR = 2.005). KM curve was performed to display the prognosis of the different expression level of WLR, WHR, WNR, 
WMR, WRR, NLR, LMR and PLR in BLCA (Supplementary Figure 1A–H), and the result was consistent with the 

Table 2 Univariate and Multivariate Cox Regression Analysis for Prognosis of Patients with Bladder 
Cancer in the Training Set

Variates Univariate Analysis Multivariate Analysis

HR(95% CI) P value HR(95% CI) P value

Age 2.244(1.483–3.395) 0.0001* 1.799(1.165–2.781) 0.0081*
(≥65 vs ≤65)

Gender 1.131(0.712–1.797) 0.602 – –
(male vs female)

BMI 0.846(0.579–1.236) 0.386 – –
(normal vs abnormal)

Tumor grade 2.106(1.413–3.14) 0.0003* 1.563(1.028–2.375) 0.0367*
(high vs low)

Recurrence 1.168(0.755–1.806) 0.486 – –
(Yes vs No)

Chemotherapy 0.929(0.607–1.421) 0.733 – –
(gemcitabine vs others)

WLR 1.818(1.268–2.606) 0.0011* 0.591(0.188–1.861) 0.3688

(high vs low)

WHR 2.048(1.428–2.936) ≤0.0001* 1.886(1.152–3.087) 0.0116*

(high vs low)

WNR 0.591(0.411–0.848) 0.0043* 0.937(0.389–2.259) 0.8849

(high vs low)

WMR 0.519(0.362–0.745) 0.0004* 0.629(0.4–0.989) 0.0447*

(high vs low)

WRR 2.686(1.809–3.989) ≤0.0001* 1.537(0.898–2.63) 0.117

(high vs low)

NLR 1.914(1.334–2.746) 0.0004* 1.465(0.368–5.829) 0.5875

(high vs low)

LMR 0.442(0.297–0.657) ≤0.0001* 0.756(0.43–1.33) 0.3324

(high vs low)

PLR 2.107(1.452–3.058) ≤0.0001* 1.834(1.214–2.769) 0.0039*

(high vs low) 

Notes: Statistical analyses were performed by Cox proportional hazards regression. *P<0.05 was considered significant. 
Abbreviations: BMI, body mass index; WLR, white blood cell-to-lymphocyte ratio; WHR, white blood cell-to-hemoglobin ratio; 
WNR, white blood cell-to-neutrophil ratio; WMR, white blood cell-to-monocyte ratio; WRR, white blood cell-to-erythrocyte 
ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio.
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training set. According to the Risk above, we verified three serum indicators (WHR, WMR and PLR) with independent 
prognostic significance to construct a new risk model in the validation set. Based on the cut-off value mentioned above, 
Risk was divided into high-risk group and low-risk group (Supplementary Figure 2A). The AUC for 1,3,5-year survival 
rate was 0.73, 0.61 and 0.64, respectively (Supplementary Figure 2B). The high-risk group had a poor prognosis for 
patients with BLCA than the lower expression group (Supplementary Figure 2C, P<0.0001, HR = 1.01).

Figure 1 The KM curves of inflammatory marks for patients with BLCA in the training set. (A–H) KM curve was made to exhibit the prognosis of the different expression 
level of WLR, WHR, WNR, WMR, WRR, NLR, LMR and PLR, respectively.
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Discussion
The prognosis of the tumor by inflammatory microenvironment could be a positive intervention or a negative 
intervention,14 of course, this also including BLCA.15 When we mention the impact of inflammation-related indicators 
of BLCA patients on the prognosis, the most familiar ones were NLR,15 PLR and LMR, which have been studied in 
previous reports.16,17 These indicators were all related to the prognosis of patients with BLCA.

However, the function of the prognosis of WBCs, as an overall concept of inflammation indicators, was poorly 
understood in previous studies in BLCA. The total WBCs count often increased during infection and is a non-specific 
marker of inflammation. Although the absolute count of WBCs has no effect on the prognosis in BLCA (data not shown), 

Figure 2 The new risk model was established to detect the OS of patients with BLCA in the training set. All patients were distinguished into high and low risk based on the 
risk score (A), upper; the relationship between survival time and prognosis of patients in the two corresponding groups (A), middle; the heatmap of inflammatory marks 
between the two groups (A), lower. Receiver operating characteristic (ROC) curve analysis of the new prognostic model at 1, 3, 5 years (B). Kaplan–Meier curves showing 
OS of groups with different risk (C).
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we combined some other common blood cells as the research object. It was found that the combination of WBCs and 
other cells can be a good predictor for monitoring the prognosis of patients with BLCA who underwent TURBT. WLR, 
WHR, WNR, WMR and WRR could play a role of predicting the prognosis of BLCA patients. Previous studies seem to 
have overlooked the overall cell type of WBCs. In this study, we also explored whether there was a way to combine the 
new indicators and the previously famous indicators to explore the impact on the prognosis. A new prognostic model of 
combined serum indicators was born. WHR, WMR and PLR were combinedly chosen to form a new biomarker.

There is no doubt about the convenience of these indicators for clinically predicting the prognosis of patients with 
BLCA. However, whether these markers have high authenticity remains to be discussed. Prospective studies have shown 
that NLR has nothing to do with the prognosis of BLCA.18 This requires more research and larger sample data in the 
future to support the authenticity and validity of our findings. However, based on the current conclusions, it is very 
convenient to predict the prognosis of the patient with only the routine blood test before the operation. It is simple to 
carry out relevant interventions on the patient in advance to influence the prognosis of the patient.

Conclusions
We analyzed preoperative leukocyte-related indicators to predict the prognosis of patients with TURBT in this research. 
The results showed that WLR, WHR, WNR, WMR and WRR could play an important role of predicting the prognosis of 
BLCA patients. A new prognostic risk model of combined serum indicators exhibited that WHR, WMR and PLR were 
crucial. The results indicated that the simple and available serum indexes could provide some guidance for clinical 
workers. In the future, we hope to conduct research on the advanced BLCA patients and also wish to perform prospective 
and large sample experiments to verify our conclusions.
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