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Purpose: Previous studies have suggested that the preoperative lactate dehydrogenase-to-albumin ratio (LAR) is correlated with
survival in several cancers except bladder cancer (BCa). This study aimed to determine the prognostic value of the LAR in patients
with urothelial carcinoma of the bladder (UCB) after radical cystectomy (RC).

Patients and Methods: A total of 595 UCB patients with RC in West China Hospital from December 2010 to May 2020 were
enrolled. A receiver operating characteristic (ROC) curve was used to determine the optimal cutoff value of the LAR. Kaplan—-Meier
curves and Cox regression analyses were applied to evaluate the association of the LAR with overall survival (OS) and recurrence-free
survival. Independent factors in multivariate analyses were selected to construct nomograms. Calibration curves, ROC curves,
concordance index (C-index) and decision curve analyses were used to evaluate the performance of the nomograms.

Results: The optimal cutoff value of the LAR was determined to be 3.8. Preoperative low LAR was associated with decreased OS
(P < 0.001) and RFS (P < 0.001), especially in patients with > pT2 disease. LAR was an independent factor for OS (hazard ratio
[HR]: 1.719; P <0.001) and RFS (HR: 1.429; P = 0.012). The addition of the LAR into nomograms could result in better prediction
performance. The areas under the curves of the nomograms were 0.821 and 0.801 for the prediction of 3-year OS and RFS,
respectively. The C-indexes of the nomograms were 0.760 and 0.741 for the prediction of OS and RFS, respectively.
Conclusion: The preoperative LAR is a novel and reliable independent prognostic biomarker for survival in UCB after RC.
Keywords: lactate dehydrogenase, albumin, lactate dehydrogenase to albumin ratio, bladder cancer, prognosis

Introduction
Bladder cancer (BCa) ranks as the tenth most commonly diagnosed malignant tumor in all populations globally and the
fourth most prevalent cancer in America. 12 The estimated number of new cases was 81,180, and the estimated number of
new deaths will reach 17,100 in 2022.% Radical cystectomy (RC) with urinary diversion represents the gold-standard
treatment modality for localized muscle-invasive bladder cancer (MIBC) and selected non-muscle-invasive bladder
cancer (NMIBC) patients,*® and it is also viable in the elderly patients aged above 85 years.® Despite the development
of new technologies and therapeutic drugs, the 5-year relative survival rate is 77% in all stages and decreases to 14% in
those diagnosed with stage IV disease.'"” Therefore, utilizing preoperative factors to predict survival endpoints is helpful
for clinical decisions and postoperative interventions.

Several preoperative parameters have been studied in BCa, such as the neutrophil-to-lymphocyte ratio,® lymphocyte-

10

to-monocyte ratio,” prognostic nutritional index,'® and controlling nutritional status score.!' Lactate dehydrogenase

(LDH), an enzyme involved in the glycolytic pathway, is reported to participate in carcinogenesis, the immune
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microenvironment and cancer progression.'* A pretreatment high LDH level is correlated with poor survival in cancer."
In addition, the serum albumin level, an indicator of nutritional status, is correlated with prognosis in BCa.'* However,
a combination of LDH and albumin, named the lactate dehydrogenase-to-albumin ratio (LAR), which reflects both
inflammation and nutrition status, has not been investigated in BCa.

Therefore, this study aimed to probe the prognostic significance of the preoperative LAR for urothelial carcinoma of
the bladder (UCB) prognosis. Moreover, we also tried to evaluate whether the addition of the LAR would improve the
performance of our nomograms for survival prediction.

Materials and Methods

Population
Patients with BCa who underwent RC at West China Hospital, Sichuan University, were retrospectively reviewed between
December 2010 and May 2020. A total of 1175 consecutive patients who received RC at our institution were initially
retrieved. We excluded the following patients: 1) metastatic disease (17 patients); 2) neoadjuvant therapy (40 patients); 3)
main histology was not UCB (36 patients); 4) missing data on pathological information (163 patients), perioperative LDH/
albumin levels (97 patients) or other required clinical information (129 patients); and 5) lost to follow-up (98 patients).
Finally, a total of 595 patients were included. Information on LDH and albumin was obtained within 1 week before RC. This
study obtained approval from the Ethics Committee of West China Hospital, Chengdu, Sichuan, China. In addition, we
adhered to the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

The method of RC, which included open, laparoscopic and robot-assisted surgery accompanied by urinary diversion, was
chosen by the surgeon’s discretion. In addition, whether lymph node dissection was performed was decided by the surgeons.

Patient information was acquired from the medical charts. Pathological tumor grade was determined by the 2004/2016
World Health Organization (WHO) classification.” Pathological tumor stage was determined according to the 2017 American
Joint Committee on Cancer (AJCC) cancer staging manual.'> Variant histological subtypes were defined according to the 2016
WHO Classification.'®!” Pathologic information was independently evaluated by two experienced pathologists.

LAR

LAR was computed as LDH (U/L)/serum albumin (g/L). Receiver operating characteristic (ROC) curves were applied to
assess the optimal cutoff values of LDH, albumin and LAR. We calculated the Youden index, which was calculated as
“sensitivity + specificity — 17, and we selected the optimal cutoff value based on the maximum Youden index.

Follow-Up and Outcomes

After RC, patients were regularly followed every three months in the first year, twice a year in the next two or three years
and once a year thereafter. Overall survival (OS) and disease recurrence-free survival (RFS) were the primary outcomes
in this study. Disease recurrence was defined as local recurrence or distant metastasis.

Statistical Analysis

Patients were divided into two groups based on the optimal cutoff value of the LAR. Continuous variables are presented
as medians with interquartile ranges (IQRs). The chi-squared test, Student’s ¢ test or Wilcoxon’s rank-sum test were
applied as appropriate. Kaplan—-Meier curves with the Log rank test were applied to assess the impact of the LAR on OS
and RFS. In addition, subgroup analysis based on tumor stage was performed. Variables with p values less than 0.1 in
univariate Cox analysis were included in multivariate Cox analysis. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were computed. Predictors with a P value < 0.05 in multivariate analyses were used to construct nomograms for
3-year and 5-year OS/RFS prediction. The performance of the nomogram was assessed using calibration curves, Harrell’s
concordance index and time-dependent ROC curves. Decision curve analyses were used to evaluate the net benefit of the
nomograms. A P value less than 0.05 on both sides was deemed statistically significant. Statistical analyses were
conducted using SPSS 25.0 and R (Version 3.6.3).
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Results

Patient Clinical Features
A total of 595 patients met our inclusion criteria. The clinical features of the patients are presented in Table 1. There were
507 males and 88 females, and the median age was 65 years (IQR, 58—72). A significant proportion of patients had high-

grade disease (87.2%), and 346 (58.2%) patients were diagnosed with > pT2 disease. Positive surgical margins were

Table | Study Characteristics

Characteristic Total N = 595 Low LAR Group High LAR Group P value
N = 345 (58.0%) N = 250 (42.0%)

Age, median (IQR), years 65 (58, 72) 64 (57, 72) 66 (60, 73) 0.034

BMI, median (IQR), kg/m? 23.07 (21.12, 24.97) | 23.23 (21.23, 25.08) 23.02 (20.9, 24.79) 0.304

Gender, n (%) 0.196

Male 507 (85.2%) 300 (50.4%) 207 (34.8%)

Female 88 (14.8%) 45 (7.6%) 43 (7.2%)

Smoking, n (%) 0.010

None 359 (60.3%) 204 (34.3%) 155 (26.1%)

Current 139 (23.4%) 72 (12.1%) 67 (11.3%)

Former 97 (16.3%) 69 (11.6%) 28 (4.7%)

Hypertension 0.425

No 441 (74.1%) 251 (42.2%) 190 (31.9%)

Yes 154 (25.9%) 94 (15.8%) 60 (10.1%)

Diabetes 0.186

No 527 (88.6%) 300 (50.4%) 227 (38.2%)

Yes 68 (11.4%) 45 (7.6%) 23 (3.9%)

Surgical approach, n (%) < 0.001

Open 329 (55.3%) 171 (28.7%) 158 (26.6%)

Laparoscopic 247 (41.5%) 158 (26.6%) 89 (15%)

Robot-assisted 19 (3.2%) 16 (2.7%) 3 (0.5%)

Tumor grade, n (%) 0.545

Low 76 (12.8%) 47 (7.9%) 29 (4.9%)

High 519 (87.2%) 298 (50.1%) 221 (37.1%)

Tumor stage, n (%) 0.012

pTaTisTI 249 (41.8%) 160 (26.9%) 89 (15%)

pT2 128 (21.5%) 71 (11.9%) 57 (9.6%)

pT3 144 (24.2%) 82 (13.8%) 62 (10.4%)

pT4 74 (12.4%) 32 (5.4%) 42 (7.1%)

Pathologic N stage, n (%) 0.072

pNO 306 (51.4%) 190 (31.9%) 116 (19.5%)

pNx 202 (33.9%) 112 (18.8%) 90 (15.1%)

pN+ 87 (14.6%) 43 (7.2%) 44 (7.4%)

Surgical margin, n (%) 0.310

Negative 558 (93.8%) 327 (55%) 231 (38.8%)

Positive 37 (6.2%) 18 (3%) 19 (3.2%)

Variant histology, n (%) 0.185

Negative 478 (80.3%) 284 (47.7%) 194 (32.6%)

Positive 117 (19.7%) 61 (10.3%) 56 (9.4%)

Adjuvant therapy, n (%) 0.152

No 515 (86.6%) 305 (51.3%) 210 (35.3%)

Yes 80 (13.4%) 40 (6.7%) 40 (6.7%)

Follow-up duration, median (IQR), months 40 (19-68) 41 (21-62) 36 (15-79) 0.938

LDH, median (IQR), U/L 150 (128, 177) 130 (117, 143) 182 (164, 203.75) < 0.001

Albumin, median (IQR), g/L 41 (38.1, 43.8) 42 (39.8, 44.8) 39.05 (36.15, 41.98) < 0.001

Abbreviations: LAR, lactate dehydrogenase-to-albumin ratio; LDH, lactate dehydrogenase; IQR, interquartile range; BMI, body mass index.
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found in only 37 (6.2%) patients. Concomitant variant histology was found in 117 (19.7%) patients, of which squamous
(7.7%) and glandular differentiation (7.4%) were the main variant histological subtypes (Table S1). The median follow-
up was 40 months. The median LDH was 150 U/L, and the median albumin level was 41 g/L. The ROC curves showed
that the prediction of OS was higher based on the LAR than based on LDH or albumin alone (Figure S1). The Youden
index was 0.270, 0.174 and 0.297 for LDH, albumin and LAR, respectively (Table S2). The optimal cutoff value was
determined to be 3.8. Consequently, 345 (58.0%) patients were divided into the low LAR group, and 250 (42.0%)
patients were divided into the high LAR group. No significant differences were found between groups regarding body
mass index (BMI), sex, hypertension, diabetes, tumor grade, surgical margins, variant histology or adjuvant therapy.
Nevertheless, we observed marked discrepancies with regard to age, smoking status, surgical approach, tumor stage,
LDH and albumin levels (Table 1).

LAR and OS/RFS

Kaplan—Meier analyses demonstrated that a high preoperative LAR was correlated with decreased OS (log-rank P < 0.001,
Figure 1A) and RFS (log-rank P = 0.002, Figure 1B). In addition, we performed subgroup analysis based on tumor stage. We
observed that the prognostic significance of the LAR for OS (Figure 1C) and RFS (Figure 1D) did not exist in patients with <
pT2 disease. In contrast, it remained a prognostic factor for OS (Figure 1E) and RFS (Figure 1F) in patients with > pT2 disease.
Univariate Cox regression analysis demonstrated that the LAR was linked to poor OS (HR: 2.141; 95% CI: 1.641-2.794; P <
0.001; Table 2) and poor RFS (HR: 1.743; 95% CI: 1.330-2.283; P < 0.001; Table 3). When confounding predictors were
adjusted in multivariate Cox regression analysis, we found that a high preoperative LAR independently predicted decreased
OS (HR: 1.719; 95% CI: 1.306-2.262; P <0.001; Table 2) and RFS (HR: 1.429; 95% CI: 1.082—1.886; P = 0.012; Table 3).

Nomogram Construction and Performance

Based on the results from the multivariate Cox analyses, six variables (including age, smoking, diabetes, tumor stage,
lymph node status and LAR) were selected to build nomograms for 3-year and 5-year OS prediction (Figure 2A), and
five variables (including age, smoking, tumor stage, lymph node status and LAR) were selected to build nomograms for
3-year and S5-year RFS prediction (Figure 2B). The calibration curves revealed that the predicted probabilities of the
nomograms matched the actual observations in terms of 3-year or 5-year OS (Figure 2C) and RFS (Figure 2D). Next, we
calculated the C-index to assess the predictive accuracies of the nomograms (Table 4). The addition of the LAR improved
the predictive accuracies to 0.760 for OS and 0.741 for RFS (Table 4).

We further used time-dependent ROC curves to evaluate the prediction accuracies of the nomograms. The results
showed that the nomograms had sound performance in predicting OS and RFS. The AUCs were 0.821 and 0.801 for
3-year OS (Figure 3A) and RFS (Figure 3B), respectively. Moreover, the clinical utility of the nomograms was evaluated
through decision curve analyses. For 3-year and 5-year OS prediction, in the comparison of LAR or tumor stage, our
nomograms significantly improved the net benefits at a threshold of between 10% and 80% (Figure 3C and D). For
3-year and 5-year RFS prediction, our nomogram also significantly improved the net benefits at a threshold of between
10% and 80% compared to the LAR or tumor stage (Figure 3E and F).

Discussion

In this study, we proposed a novel biomarker, the LAR, for predicting survival endpoints in UCB. We included
a relatively large number (approximately six hundred) of patients from a single institution in China. Our results indicated
that a high preoperative LAR was an independent factor for both OS and RFS. Furthermore, we constructed nomograms
based on the LAR and demonstrated the predictive accuracies and clinical utilities of our nomograms. To our knowledge,
this is the first study investigating the role of the LAR in UCB prognosis prediction.

Deregulating cellular metabolism is a major component of the hallmarks of cancer.'® Aberrant cancer metabolism,
such as aerobic glycolysis, plays important roles in cancer biology, including carcinogenesis, inflammation, drug
resistance and cancer progression.'” LDH, an enzyme involved in the glycolytic pathway, participates in the conversion
of pyruvate to lactic acid. A pretreatment high LDH level is reported to be related to poor survival in cancer.'® In
addition, serum albumin is the most abundant protein in human plasma is considered a reflection of individual nutrition
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Figure | Kaplan-Meier curves for OS (A, C, E) and RFS (B, D, F) stratified by the LAR. (A and B), Survival curves for OS (A) and RFS (B) in all included patients. (C and
D), Survival curves for OS (C) and RFS (D) in patients with pTaTisT| tumors. (E and F), Survival curves for OS (E) and RFS (F) in patients with 2 pT2 tumors.
Abbreviations: OS, overall survival; RFS, recurrence-free survival; LAR, lactate dehydrogenase-to-albumin ratio.
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Table 2 Univariate and Multivariate Cox Regression Analysis for Overall Survival

Characteristics

Univariate Analysis

Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value
Age, years
< 65 Reference
> 65 1.977 (1.517-2.578) <0.001 1.629 (1.230-2.158) <0.001
BMI, kg/m?
<25 Reference
>25 0.968 (0.710-1.319) 0.835
Gender
Female Reference
Male 0.802 (0.572-1.125) 0.201
Smoking
Never Reference
Current 0.624 (0.451-0.864) 0.004 0.624 (0.447-0.870) 0.005
Former 0.323 (0.193-0.540) <0.001 0.382 (0.227-0.642) <0.001
Hypertension
No Reference
Yes 1.112 (0.829-1.491) 0.478
Diabetes
No Reference
Yes 0.457 (0.266-0.785) 0.005 0.563 (0.326-0.973) 0.040
Operation methods
Open Reference
Laparoscopic 0.832 (0.632—-1.094) 0.189
Robot-assisted 0.558 (0.206—1.509) 0.250
Tumor grade
Low grade Reference
High grade 2.847 (1.657-4.892) <0.001 1.084 (0.584-2.012) 0.798
Tumor stage
pTaTisTI Reference
pT2 2.367 (1.617-3.466) <0.001 2.069 (1.360-3.146) <0.001
pT3 3.682 (2.576-5.263) <0.001 2.195 (1.447-3.331) <0.001
pT4 5.463 (3.686-8.095) <0.001 2.788 (1.779—4.369) <0.001
Lymph node status
pNO Reference
pNx 1.985 (1.462-2.696) <0.001 1.561 (1.141-2.137) 0.005
pN+ 5.234 (3.744-7.317) <0.001 3.229 (2.237-4.662) <0.001
Surgical margin
Negative Reference
Positive 2.338 (1.530-3.574) <0.001 1.439 (0.921-2.248) 0.109
Variant histology
Negative Reference
Positive 1.694 (1.259-2.280) <0.001 1.293 (0.947-1.766) 0.106
Adjuvant therapy
No Reference
Yes 1.171 (0.828-1.655) 0.372
LAR
<38 Reference
>3.8 2.141 (1.641-2.794) <0.001 1.719 (1.306-2.262) <0.001

Abbreviations: LAR, lactate dehydrogenase-to-albumin ratio; BMI, body mass index; HR, hazard ratio; Cl, confidence interval.
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Table 3 Univariate and Multivariate Cox Regression Analysis for Recurrence-Free Survival

Characteristics Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age, years

< 65 Reference

> 65 1.813 (1.382-2.378) <0.001 1.533 (1.156-2.033) 0.003

BMI, kg/m?

<25 Reference

>25 1.062 (0.777—1.452) 0.705

Gender

Female Reference

Male 0.844 (0.592-1.203) 0.348

Smoking

Never Reference

Current 0.775 (0.560-1.074) 0.126 0.847 (0.607-1.182) 0.329

Former 0.420 (0.257-0.685) <0.001 0.496 (0.302-0.816) 0.006

Hypertension

No Reference

Yes 0.994 (0.729-1.356) 0.971

Diabetes

No Reference

Yes 0.674 (0.421-1.079) 0.100

Operation methods

Open Reference

Laparoscopic 0.804 (0.607—1.066) 0.129

Robot-assisted 0.408 (0.130-1.280) 0.124

Tumor grade

Low grade Reference

High grade 2.810 (1.603—4.927) <0.001 1.071 (0.564-2.035) 0.834

Tumor stage

pTaTisTI Reference

pT2 2.254 (1.510-3.363) <0.001 1.991 (1.283-3.088) 0.002

pT3 3.844 (2.658-5.561) <0.001 2.465 (1.605-3.784) <0.001

pT4 5.989 (4.002-8.963) <0.001 3.616 (2.281-5.734) <0.001

Lymph node status

pNO Reference

pNx 1.948 (1.425-2.663) <0.001 1.598 (1.160-2.203) 0.004

pN+ 4.667 (3.292-6.616) <0.001 2.779 (1.903—4.060) <0.001

Surgical Margin

Negative Reference

Positive 2.578 (1.682-3.952) <0.001 1.474 (0.938-2.314) 0.092

Variant histology

Negative Reference

Positive 1.415 (1.031-1.942) 0.032 1.100 (0.792-1.528) 0.569

LAR

<38 Reference

>3.8 1.743 (1.330-2.283) <0.001 1.429 (1.082-1.886) 0.012

Abbreviations: LAR, lactate dehydrogenase-to-albumin ratio; BMI, body mass index; HR, hazard ratio; Cl, confidence interval.

status. Malnutrition could predict poor prognosis in patients with cancer.”® In addition, low serum albumin is also

reported to be associated with worse bladder cancer prognosis.'* Therefore, a combination of LDH and albumin reflects

both the inflammation and nutrition status of an individual and is more powerful than LDH or albumin alone in survival

prediction.
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Figure 2 Nomograms and calibration curves for the prediction of 3- and 5-year OS and RFS. (A and B), Nomograms for 3- and 5-year OS (A) and RFS (B) prediction.
(C and D), Calibration curves for estimating the prediction of 3- and 5-year OS (C) and RFS (D) between the prediction and the actual observation.
Abbreviations: OS, overall survival; RFS, recurrence-free survival; LAR, lactate dehydrogenase-to-albumin ratio.

Numerous prognostic factors, including hematologic, physiological, molecular and pathological markers, have been

explored to be associated with survival outcomes in UCB patients after RC.>' ** Compared with these molecular and

pathological predictors, the LAR is relatively cost-effective and easily accessed, and preoperative interventions might be

Table 4 C- Index of the Nomogram for the Prediction of Survival Outcomes

Outcomes Models

C-index 95% ClI

Overall survival

Recurrence-free survival

Nomogram without LAR 0.751
Nomogram*
Nomogram without LAR 0.733

#
Nomogram

0.735-0.767
0.760 0.745-0.776
0.717-0.749
0.741 0.725-0.758

Notes: *Age, smoking, diabetes, tumor stage, lymph node status, and LAR were included in the
nomogram for overall survival prediction; *Age, smoking, tumor stage, lymph node status, and LAR
were included in the nomogram for recurrence-free survival prediction.

Abbreviations: LAR, lactate dehydrogenase-to-albumin ratio; Cl, confidence interval.
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Figure 3 ROC curves and decision curve analyses of the nomogram for OS and RFS prediction. (A and B), ROC curves for OS (A) and RFS (B). (C and D), Decision curve
analyses for 3-year (C) and 5-year (D) OS prediction. (E and F), Decision curve analyses for 3-year (E) and 5-year (F) RFS prediction.
Abbreviations: ROC, receiver operating characteristic; OS, overall survival; RFS, recurrence-free survival; LAR, lactate dehydrogenase-to-albumin ratio.

administered for those at high risk of disease recurrence or death (with high LAR). With regard to novel hematologic
indexes based on albumin levels, the albumin-to-blood glucose ratio,”’ albumin-to-fibrinogen ratio,”® and albumin-
globulin ratio®® have been reported to be prognostic factors for oncological outcomes in BCa. In addition, other
hematological biomarkers, such as hemoglobin and C-reactive protein, have also been proven to be independent
predictors in BCa after RC.*® Compared with these studies, we not only proposed the LAR, another novel index
based on LDH and albumin levels, as an independent prognostic biomarker for worse OS and RFS in patients with
UCB after RC but also demonstrated the clinical usefulness of integrating this novel index into prognostic models by
constructing nomograms.

In our study, we showed that the Youden index was much higher in the LAR group (0.297) than in the LDH (0.270) or
albumin (0.174) groups (Table S2). The prognostic role of the LAR has been reported in several cancers. In hepatocel-
lular carcinoma, Gan et al included 1041 patients and found that preoperative LAR was an independent factor for both
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OS and RFS.*' In pancreatic cancer, Gan et al enrolled 139 patients treated with intervention chemotherapy and found
that a high LAR was associated with poor 0S.*1In esophageal squamous cell carcinoma, Feng et al enrolled 346 patients
and found that the LAR was an independent factor for cancer-specific survival.*> Thereafter, the prognostic significance

3435 gastric cancer,”® and colorectal cancer.>’® In line with

of the LAR was validated in nasopharyngeal carcinoma,
previous findings, our study provided additional evidence that the LAR could serve as an independent prognostic
parameter in UCB, and the addition of the LAR to the prognostic nomograms would increase the predictive accuracies
and clinical utilities.

It should be noted that the cutoff value of the LAR varied across studies. Different cutoff values of LAR were
determined, including 553133 6.543%2 4.04,>* 4.5,>7 491% and 3.67.%° In our study, this value was 3.8. Discrepancies in
tumor types, sample sizes, geographic regions, outcome measurements, laboratory equipment and definition methods
might explain this diversity.

Limitations should be noted as well. First, this study was a single-center retrospective study without external
validation, even though it had a relatively large number of cases, which might lead to potential bias regarding the
optimal threshold for LAR evaluation. The retrospective nature of our study might contribute to selection bias as well.
Second, even though we proposed and evaluated the nomograms through multiple methods to predict 3-year and 5-year
survival outcomes in UCB, the application of these nomograms in the clinic warrants external validation. Third, cancer-
specific survival was not assessed in this study because it was difficult to define whether it was cancer-related death
(telephone was the major source of our follow-up methods). Fourth, we excluded patients who received neoadjuvant
chemotherapy considering its potential influence on LDH and albumin levels. The impact of neoadjuvant chemotherapy
on UCB prognosis will be explored in our further prospective studies. Finally, we only assessed the LAR prior to surgery
instead of monitoring the dynamic change in this index throughout the cancer treatment. This might be accomplished in
our future studies.

Conclusion

In summary, our study confirmed the preoperative LAR as an independent prognostic biomarker in UCB. The addition of
this cost-effective and reliable biomarker into the prognostic nomograms of UCB could bring more net benefits for OS
and RFS than nomograms alone. Further studies are warranted to validate our results.

Abbreviations

BCa, bladder cancer; UCB, urothelial carcinoma of the bladder; RC, radical cystectomy; MIBC, muscle-invasive bladder
cancer; NMIBC, non-muscle-invasive bladder cancer; LDH, lactate dehydrogenase; LAR, lactate dehydrogenase-to-
albumin ratio; BMI, body mass index; WHO, World Health Organization; AJCC, American Joint Committee on Cancer;
ROC, receiver operating characteristic; OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; CI,
confidence interval; IQR, interquartile range.
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