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Objective: The aim of this study was to evaluate the impact of preoperative platelet lymphocyte ratio (PLR) on the prognosis of
patients after radical nephrectomy (RNU).

Methods: We retrospectively analyzed clinical data from 226 patients without a history of bladder cancer who underwent RNU at
Beijing Chaoyang Hospital, Capital Medical University between January 2009 and December 2020. Patients were stratified into two
groups (A low PLR group (n = 174) and a high PLR group (PLR > 169.4) based on an optimal PLR threshold (PLR=169.4). The
predictive accuracy of inflammatory biomarkers was assessed using receiver operating characteristic curves. Univariate and multi-
variate Cox proportional risk analyses were used to estimate the effect of PLR on intravesical recurrence-free survival (IVRFS),
recurrence-free survival (RFS), and overall survival (OS). The effect of PLR on IVRFS, RFS and OS was further examined using
Kaplan-Meier survival curve analysis.

Results: The study cohort comprised 226 individuals with a mean age of 67.2 + 9.8, 113 (50%) males and 113 (50%) females, 68
(30.1%) low-grade tumors and 158 (69.9%) high-grade tumors. In this study, 81 patients (36.7%) relapsed and 73 patients (32.3%)
died. The area under the curve for PLR prediction of IVRFS was 0.603, superior to other inflammatory biomarkers. Multivariate
analysis showed that PLR > 169.4 independently increased the risk of IVR after RNU, resulting in lower IVRFS [2.028 (1.014-4.057),
P = 0.046], RFS [1.900 (1.168-3.090), P = 0.010], and OS [1.866 (1.099-3.167), P = 0.021]. In addition, survival analysis showed
lower IVRFS [8.815 (62.722-97.278), P = 0.007], RFS [12.084 (44.315-91.685), P = 0.003] and OS RFS [10.165 (62.077-101.923),
P = 0.005] in the low PLR group.

Conclusion: Elevated preoperative PLR is strongly associated with prognosis in patients with upper urothelial carcinoma (UTUC)
after RNU without a history of bladder cancer.
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Introduction

Upper urinary tract uroepithelial carcinoma (UTUC) include renal pelvic and ureteral carcinoma. These tumors fall
under the category of urothelial carcinoma together with bladder cancer. UTUC accounts for 5-10% of urothelial
carcinomas, which is a rare but highly aggressive malignancy.' Radical nephroureterectomy (RNU) combined with
bladder cuff resection is the standard of care for patients with UTUC.? Once muscular layer infiltration is present, the
prognosis of upper urinary tract urothelial carcinoma is usually poor.* Early-stage tumors often have no clinical
symptoms, and about 2/3 of patients have progressive tumors at the time of diagnosis, so the treatment effect and
prognosis are poor.® As it is difficult to accurately determine the presence of muscular infiltration in the imaging
assessment of UTUC, UTUC cannot be evaluated for basal infiltration by diagnostic electrocautery as in the case of
bladder tumors.” Therefore, the clinical prognostic assessment of UTUC is a difficulty in its clinical management. The
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postoperative period after UTUC is prone to recurrence of covered uroepithelial organs and tissues, mainly bladder
recurrence, but also contralateral UTUC recurrence.® Bladder tumor recurrence occurs in 22% to 47% of patients.”*
Many studies have focused on preoperative, intraoperative, and postoperative prognostic factors in patients with
UTUC after RNU.” ' Preoperative prognostic factors include a variety of variables such as patient age, smoking,
tumor lesion, tumor location, grading, hydronephrosis, and inflammation-related markers."' These markers include
neutrophil-to-lymphocyte ratio (NLR), systemic immune-inflammation index (SII), systemic inflammation response
index (SIRI), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), neutrophil-to-monocyte ratio
(NMR) and etc. In addition, preoperative ureteroscopy combined with endoscopic biopsy has been identified as a risk
factor for intravesical recurrence (IVR). If bladder tumor recurrence occurs during the follow-up of UTUC patients,
patients will need to undergo one or even more transurethral bladder tumor electrodes, and some patients will even
need to be treated with radical cystectomy.’ This seriously affects the quality of survival of patients and can also cause
tremendous financial pressure on patients. Therefore, it is particularly important to analyze the factors associated with
bladder carcinogenesis after UTUC."*'*

Inflammation plays a contributing role in the initiation and advancement of various cancers.'® Previous studies have
shown that inflammation biomarkers, including NLR, SII, SIRI, PLR, MLR, and NMR, are associated with worse
urologic outcomes.'®2® They have been identified as an independent prognostic indicator for a number of cancer types,
including gastric, colorectal, hepatocellular, and lung cancers.>' >* However, no studies have reported the prognostic
value of PLR for IVR after RNU without a history of bladder cancer. These survival-related markers can be explained by
the relationship of cancer to platelet, neutrophil, and lymphocyte levels.”” Platelets are reported to be dangerous allies of
cancer cells and play a close role in several processes of cancer metastasis.”® Once tumor cells enter the bloodstream,
they immediately activate platelets, creating a permissive microenvironment. Platelets protect tumor cells from shear
forces and natural killer cells (NK cells) and secrete chemokines to recruit bone marrow cells. This results in tumor cell
platelet plugs stopping at the vessel wall. Platelet-derived growth factors then confer a mesenchymal-like phenotype on
the tumor cells, opening the capillary endothelium and accelerating extravasation from distant organs. Ultimately,
platelet-secreted growth factors stimulate tumor cell proliferation toward micro metastatic foci.’” On the contrary,
lymphocytes play an important role in cellular and humoral anti-tumor immune responses. Activated and proliferating
lymphocytes play a role in cytotoxic cell death and inhibition of tumor cell proliferation and migration by secreting
cytokines such as interferon gamma (IFN-y) and tumor necrosis factor alpha (TNF-a). Therefore, low lymphocyte counts
may reflect impaired host immune surveillance, which is an unfavorable factor in the clinical prognosis of tumor
patients.'®*® Considering these mechanisms, higher PLR representing higher platelet and neutrophil counts and lower
lymphocytes may predict poorer survival. Therefore, this study was aimed to evaluate the predictive value of PLR for
intravesical recurrence-free survival (IVRFS), recurrence-free survival (RFS) and overall survival (OS) in patients
without a history of bladder cancer after RNU.

Methods

Patient Selection

This retrospective study was approved by the Institutional Research Ethics Committee of Beijing Chao-Yang Hospital.
Informed consent was obtained from all eligible participants in advance. We retrospectively collected the information
of patients diagnosed with UTUC who received RNU treatment at our hospital from January 2009 to December 2020,
and all patients’ details have been de-identified. We included the patients who meet the following criteria: (1) patients
with UTUC confirmed pathologically; (2) patients with primary tumors of uroepithelial origin; (3) patients with
unilateral onset, and (4) patients subject to RNU combined with cystic sleeve resection. Patients were excluded
according to the following criteria: (1) patients with bilateral UTUC; (2) patients subject to no RNU combined with
cystectomy; (3) patients with metastatic uroepithelial carcinoma; (4) patients with a previous history of bladder cancer
and other cancers; and (5) patients with any preoperative treatment. Figure 1 shows the flow chart for inclusion and

exclusion of patients.
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Figure | The flow chart for inclusion and exclusion of patients.
Abbreviations: UTUC, Upper urothelial carcinoma. RNU, radical nephrectomy.

Definitions of Inflammatory Indexes

In this study, several inflammatory biomarkers were defined and calculated based on the patients’ routine blood results.
NLR was calculated by dividing the neutrophil count by the lymphocyte count. PLR was calculated by dividing the
platelet count by the lymphocyte count. LMR was calculated by dividing the lymphocyte count by the monocyte count.
NMR was calculated by dividing the neutrophil count by the monocyte count. SII was calculated by multiplying the PLR
by the neutrophil count. SIRI is calculated by multiplying NLR by neutrophil count. Venous blood was collected from all
patients within 24 hours before surgery for complete blood count analysis.

Follow-Up

Follow-up data on all enrolled patients were collected by various means, including telephone interviews and outpatient or
inpatient observation until March 2023 or death. Data including the patient’s preoperative gender, age, height, weight,
tumor location, history of hypertension, history of diabetes, uropathology, hydronephrosis, tumor origin, single or
multiple, tumor size, and blood counts (including platelets and lymphocytes) were collected. Postoperative data including
tumor TNM stage, tumor grade, infiltration, nerve invasion, vascular invasion, and postoperative radiotherapy and
chemotherapy were collected. Body mass index (BMI) = weight (kg)/height®> (m). Follow-up data included whether
the tumor recurred, the site of recurrence, the time from surgery to recurrence, whether the patient died, and the time
from surgery to death. Monitoring was done every 3 months in the first postoperative year, every 6 months in the second
year, and annually thereafter. Follow-up information included blood tests, cystoscopy, urinary ultrasound, chest and
abdominal computed tomography (CT), urine exfoliative cytology, and urography. If clinically indicated, selective bone
scan, positron emission tomography/computed tomography (PET/CT) or magnetic resonance imaging (MRI) were
performed. IVRFS was defined as the time from the date of RNU to the date of the first IVR according to cystoscopic
examination. Tumor staging was defined pathologically according to the American Joint Committee on Cancer (AJCC)
Tumor,” Lymph Node, Metastasis (TNM) Classification (8th edition).>* Tumor grading was recorded according to the
patient’s postoperative pathology report, that is, based on the 2004 World Health Organization (WHO) classification.’’
When the high-grade component is less than 5%, it is low-grade uroepithelial cancer, and when the high-grade
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component is greater than or equal to 5%, it is high-grade uroepithelial cancer.®' The location of the tumor was marked
according to the location of the dominant tumor. Positive urine cytology was defined as the presence of tumor cells or
abnormal cells in the preoperative specimen. Conversely, negative urine cytology was defined as an evaluation that
produced a negative result. Evaluation of all histopathologic sections was performed by a senior pathologist. The optimal
PLR cutoff value was defined by creating a time-dependent receiver operating characteristic (ROC) curve with IVRFS as
the endpoint to yield the highest Youden index value. Patients were stratified into two groups (A low PLR group
(PLR < 169.4, n = 174) and a high PLR group (SIRI > 169.4, n = 52) according to the optimal cutoff. RFS was defined as
the time between the date of treatment and the date of recurrence. OS was defined as the time between the date of
treatment and the date of death or the date of last follow-up.

Statistical Analysis

Given the retrospective nature of the study, the following measures were taken to minimize bias in data collection and
analysis: strict inclusion and exclusion criteria were established and data collectors were trained to ensure consistency
and accuracy; two researchers collected data and followed up patients to ensure data accuracy; and in this study we
included variables that were unstable at baseline (eg, BMI) in the multifactorial analysis, although its univariate analysis
p > 0.05.

The overall study population was divided into two separate PLR groups according to the optimal cutoff. We compared
baseline differences between groups. Then, using IVRFS, RFS and OS as an outcome indicator, we screened for
independent influences on IVRFS, RFS and OS by analyzing univariate and multivariate cox proportional risk regression
models (variables with P < 0.05 in the univariate cox regression, PLR, and BMI that were not smooth at baseline were
included in the multivariate analysis), and analyzed the influence of PLR on IVRFS, RFS and OS by using the Kaplan-
Meier plotting of survival curves. In addition, we divided the included patients into two groups according to gender (male
vs female) tumor grade (low-grade vs high grade) for the above analysis.

Depending on their distribution, continuous variables will be expressed as mean and standard deviation or median and
interquartile range. Student ‘s ¢-test or Mann—Whitney U-test will be used for continuous variables and y*-test or Fisher
exact test for categorical variables. Normality of continuous variables will be assessed using the Kolmogorov—Smirnov
test. ROC was used to determine the optimal threshold for the prognosis of UTUC patients after RNU. Youden index =
sensitivity+specificity-1. The point corresponding to the maximum Youden index is the optimal threshold. We used Cox
proportional risk regression model for univariate and multivariate analyses (Variables with P < 0.05 in univariate analysis
and unstable baseline were included in multivariate analysis), and Kaplan-Meier (K-M) for plotting survival curves.
P < 0.05 was considered a statistically significant difference. GraphPad Prism 8.0, R software (Version 4.2.2) and IBM
SPSS Statistics (Version 24) were utilized to complete all statistical analyses and figures.

Results

Characteristics of patients and disease

Monitoring was done every 3 months in the first year after surgery, every 6 months in the second year, and annually
thereafter until March 2023 or the patient’s death. A cohort of 226 patients who met the specified inclusion and exclusion
criteria were included in the study, including 113 (50%) males and 113 (50%) females, 68 (30.1%) low-grade tumors and
158 (69.9%) high-grade tumors. Ages ranged from 43—88 years with a mean age of (67.2 +£9.8) years. 174 (77.0%) cases
in the PLR<169.4 group, and 52 (23.0%) cases in the PLR>169.4 group. The median survival time was 106 months. By
the end of follow-up, a total of 73 (32.3%) patients had died. The clinical characteristics of all patients were summarized
in Table 1. There was no significant difference in gender, age, pathologic T stage, pathologic N stage, location,
hypertension, diabetes, uropathology, hydronephrosis, tumor origin, multifocality, tumor grade, invasion, nerve invasion,
vascular invasion, radiotherapy or chemotherapy and tumor size (P > 0.05), while there was a significant difference in
BMI (P = 0.012). The clinical characteristics of males and females were summarized in Table S1. In males, there was no
significant difference in gender, age, pathologic T stage, location, hypertension, diabetes, uropathology, hydronephrosis,
tumor origin, multifocality, tumor grade, invasion, nerve invasion, vascular invasion, radiotherapy or chemotherapy and
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Table | Clinical and Pathological Characteristics of Patients

Variable PLR<169.4 | PLR>169.4 | Total P
Gender 0.206
Female 83 (73.5) 30 (26.5) 113 (50)
Male 91 (80.5) 22 (19.5) 113 (50)
Age 0.247
<70 years 106 (79.7) 27 (20.3) 133 (58.8)
270 years 68 (73.1) 25 (26.9) 93 (41.2)
Pathologic T stage 0.125
pTa/pTis 33 (78.6) 9(21.4) 42 (18.6)
pTI 35 (77.8) 10 (22.2) 45 (19.9)
pT2 41 (87.2) 6 (12.8) 47 (20.8)
pT3 56 (73.7) 20 (26.3) 76 (33.6)
pT4 9 (56.3) 7 (43.8) 16 (7.1)
Pathologic N stage 0.144
pNO 167 (78.0) 47 (22.0) 214 (94.7)
pNI 3 (75.0) I (25.0) 4 (1.8)
pN2 4 (50.0) 4 (50.0) 8 (3.5)
Location 0.233
Left 84 (73.7) 30 (26.3) 114 (50.4)
Right 90 (80.4) 22 (19.6) 112 (49.6)
Hypertension 0.752
No 86 (76.1) 27 (23.9) 113 (50.0)
Yes 88 (77.9) 25 (22.1) 113 (50.0)
Diabetes 0.966
No 131 (77.1) 39 (22.9) 170 (75.2)
Yes 43 (76.8) 13 (23.2) 56 (24.8)
BMI 0.012*
<24 kg/m? 76 (69.7) 33 (30.3) 109 (48.2)
224 kg/m? 98 (83.8) 19 (16.2) 117 (51.8)
Uropathology 0.455
None 90 (73.8) 32 (26.2) 122 (54.0)
Existence 32 (80.0%) 8 (20.0%) 40 (17.7)
Heterocyst 52 (81.3) 12 (18.8) 64 (28.3)
Hydronephrosis 0.574
No 120 (75.9) 38 (24.1) 158 (69.9)
Yes 54 (79.4) 14 (20.6) 68 (30.1)
Tumor origin 0.793
Pelvis 85 (76.6) 26 (23.4) 111 (49.1)
Ureter 70 (76.1) 22 (23.9) 92 (27.4)
Both 19 (82.6) 4 (17.4) 23 (10.1)
Multifocality 0.965
Single I (77.1) 33 (22.9) 144 (63.7)
Multiple 63 (76.8) 19 (23.3) 82 (36.3)
Tumor grade 0.571
Low 54 (79.4) 14 (20.6) 68 (30.1)
High 120 (75.9) 38 (24.1) 158 (69.9)
Invasion 0.859
No 48 (76.2) 15 (23.8) 63 (27.9)
Yes 126 (77.3) 37 (22.7) 163 (72.1)
Nerve invasion 0.398
No 159 (76.1) 50 (23.9) 209 (92.5)
Yes 15 (88.2) 2(11.8) 17 (7.5)
(Continued)
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Table | (Continued).

Variable PLR<169.4 | PLR>169.4 | Total P
Vascular invasion 0.819
No 138 (76.7) 42 (23.3) 180 (79.6)
Yes 36 (78.3) 10 (21.7) 46 (20.3)
Radiotherapy or chemotherapy 0.398
No 159 (76.1) 50 (23,9) 209 (92.5)
Yes 15 (88.2) 2(11.8) 17 (7.5)
Tumor size 0611
<3cm 107 (75.9) 34 (24.1) 141 (62.4)
>3cm 67 (78.8) 18 (21.2) 85 (37.6)

Notes: Variables are expressed as frequencies with percentages. y’-test or Fisher exact test are used
for variables. *P<0.05.

Abbreviations: PLR, Platelet-to-lymphocyte ratio; BMI, Body mass index.

tumor size (P > 0.05), while there was a significant difference in pathologic N stage (P = 0.005) and BMI (P = 0.041). In
females, there was no significant difference in gender, age, pathologic T stage, pathologic N stage, location, hypertension,
diabetes, BMI, uropathology, hydronephrosis, tumor origin, multifocality, tumor grade, invasion, nerve invasion, vascular
invasion, radiotherapy or chemotherapy and tumor size (P > 0.05). In addition, we divided the patients into a low-grade
tumor group and a high-grade tumor group based on their pathology, and the baseline conditions of the two groups were
shown in Table S2. In low-grade group, there was no significant difference in gender, age, pathologic T stage, pathologic
N stage, location, hypertension, diabetes, BMI, uropathology, hydronephrosis, tumor origin, multifocality, tumor grade,
invasion, nerve invasion, vascular invasion, radiotherapy or chemotherapy and tumor size (P > 0.05). In high-grade group,
there was no significant difference in gender, age, pathologic T stage, pathologic N stage, location, hypertension, diabetes,
uropathology, hydronephrosis, tumor origin, multifocality, tumor grade, invasion, nerve invasion, vascular invasion, radio-
therapy or chemotherapy and tumor size (P > 0.05), while there was a significant difference in BMI (P = 0.004).

Exploring the Influencing Factors of IVRFS, PFS and OS Using Univariate and
Multivariate Cox Regression

ROC curves were used to establish the relationship between preoperative inflammatory biomarkers and prognosis in
patients after RNU (Figure 2). PLR corresponded to an area under the curve (AUC) of 0.603 (P = 0.033), LMR

100
— PLRAUC =0.603
— LMRAUC=0.533
80- SIRI AUC = 0.524

- S|l AUC = 0.521
NLR AUC =0.510

60- —— NMR AUC = 0.506

Sensitivity%

0 20 40 60 80 100
100% - Specificity%

Figure 2 The receiver operating characteristic curves explore the value of preoperative inflammatory biomarkers in predicting intravesical recurrence after radical
nephroureterectomy.

Abbreviations: PLR, Platelet-to-lymphocyte ratio; LMR, Lymphocyte to monocyte ratio; SIRI, Systemic inflammatory response index; Sll, Systemic immune-inflammation
index; NLR, Neutrophil to lymphocyte ratio; NMR, Neutrophil-to-monocyte ratio.
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corresponded to an AUC of 0.533 (P = 0.499), SIRI corresponded to an AUC of 0.524 (P = 0.624), SII corresponded to
an AUC of 0.521 (P = 0.668), NLR corresponded to an AUC of 0.510 (P = 0.837), NMR corresponded to an AUC of
0.506 (P = 0.909). In summary, PLR has the greatest and meaningful diagnostic efficacy.

For All Patients

The results of univariate Cox regression results suggested that pathologic T stage [2.906(1.087-7.771), P = 0.034],
pathologic N stage [3.704(1.320-10.396), P = 0.013], tumor origin [7.432(1.011-54.617), P = 0.049] and PLR [2.274
(1.233-4.193), P = 0.009] were associated with IVRFS (Table 2); pathologic T stage [3.191(1.536-6.631), P = 0.002; 7.373
(3.095-17.569), P<0.001], pathologic N stage [3.385(1.466-7.821), P = 0.004], nerve invasion [3.324(1.792—6.168),
P<0.001], vascular invasion[2.138(1.323-3.454), P = 0.002], tumor size [1.677(1.083-2.596), P = 0.020] and PLR [1.926
(1.233-3.009), P = 0.004] were associated with RFS (Table 3), and age [2.442(1.529-3.899), P<0.001], pathologic T stage
[4.646(1.562—-13.815), P = 0.006; 6.373(2.247-18.078), P<0.001; 18.183(5.953-55.539), P<0.001], pathologic N stage
[4.281(1.842-9.948), P = 0.001], invasion[2.937(1.461-5.905), P = 0.002], nerve invasion[5.339(2.883-9.886), P<0.001],
vascular invasion[2.842(1.736-4.651), P<0.001), tumor size[1.645(1.037-2.610), P = 0.034] and PLR[1.933(1.208-3.094),
P = 0.006] were associated with OS (Table 4). Multivariate Cox regression results suggested that tumor origin [3.008

Table 2 Univariate and Multivariate Cox Regression to Explore the Influence of Intravesical Recurrence-
Free Survival for All Patients

Variable Univariate Cox Regression | Multivariate Cox Regression
HR (95% CI) P HR (95% CI) P
Gender (Female vs Male) 1.709(0.935-3.132) 0.082
Age(x<70 years vs 270 years) 1.233(0.684-2.220) 0.486
Pathologic T stage(ref=pTa/pTis)
pTI 1.552(0.4924.892) 0.453 1.441(0.450—4.610) 0.538
pT2 1.889(0.632-5.642) 0.255 1.452(0.473—4.459) 0.515
pT3 2.906(1.087-7.771) | 0.034* 2.660(0.980-7.218) 0.055
pT4 3.523(0.942-13.185) | 0.061 3.150(0.556—17.859) 0.195
Pathologic N stage(ref=pN0)
pNI 1.743(0.239-12.719) | 0.584 | 6.311(0.683-58.316) 0.104
pN2 3.704(1/320-10.396) | 0.013* | 3.035(0.676—13.619) 0.147
Location (Left vs Right) 0.731(0.404-1.321) 0.299
Hypertension (No vs Yes) 1.103(0.615-1.979) 0.742
Diabetes (No vs Yes) 1.737(0.943-3.200) 0.077
BMI(<24 kg/m? vs 224 kg/m?) 1.128(0.625-2.034) 0.689 1.791(0.909-3.527) 0.092
Uropathology(ref=None)
Existence 0.734(0.320-1.680) 0.464
Heterocyst 0.661(0.321-1.362) 0.262
Hydronephrosis (No vs Yes) 1.009(0.536—1.899) 0.978
Tumor origin(ref=Pelvis)
Ureter 2.991(0.395-22.658) | 0.289 3.008(1.535-5.895) 0.001*
Junction 7.432(1.011-54.617) | 0.049* 0.265(0.029-2.449) 0.242
Multifocality (Single vs Multiple) 0.943(0.512-1.736) 0.850
Tumor grade (Low vs High) 0.700(0.383—1.280) 0.247
Invasion (No vs Yes) 1.496(0.741-3.022) 0.261
Nerve invasion (No vs Yes) 2.056(0.807-5.242) 0.131
Vascular invasion (No vs Yes) 1.318(0.651-2.670) 0.443
Radiotherapy or chemotherapy (No vs Yes) | 0.772(0.239-2.495) 0.665
Tumor size (£3cm vs >3cm) 1.473(0.818-2.655) 0.197
PLR (<169.4 vs >169.4) 2.274(1.233-4.193) | 0.008* 2.028(1.014—4.057) 0.046*

Notes: Variables are expressed as HR (95% confidence interval). *P<0.05.
Abbreviations: PLR: Platelet-to-lymphocyte ratio; BMI: Body mass index.
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Table 3 Univariate and Multivariate Cox Regression to Explore the Influence of Recurrence-Free Survival
for All Patients

Variable Univariate Cox Regression | Multivariate Cox Regression
HR (95% CI) P HR (95% CI) P
Gender (Female vs Male) 1.288 (0.831-1.996) 0.258
Age(x<70 years vs 270 years) 1.231 (0.794-1.909) 0.353
Pathologic T stage(ref=pTa/pTis)
pTI 1.112 (0.441-2.801) 0.823 1.297 (0.509-3.301) 0.586
pT2 1.700 (0.735-3.931) 0.215 1.850 (0.796—4.297) 0.153
pT3 3.191 (1.536-6.631) | 0.002* 2.909 (1.348-6.276) 0.006*
pT4 7.373 (3.095-17.569) | <0.001* | 5.341 (1.603-17.791) | 0.006*
Pathologic N stage(ref=pNO0)
pNI 1.800 (0.441-7.352) 0413 0.918 (0.187-4.495) 0916
pN2 3.385 (1.466-7.821) | 0.004* 0.868 (0.262-2.879) 0817
Location (Left vs Right) 0.674 (0.433—1.051) 0.082
Hypertension (No vs Yes) 0.992 (0.641-1.533) 0.969
Diabetes (No vs Yes) 1.317 (0.817-2.213) 0.258
BMI(<24 kg/m? vs 224 kg/m?) 0.972 (0.628-1.504) 0.897 1.224 (0.757-1.980) 0.409
Uropathology (ref=None)
Existence 0.827 (0.447-1.530) 0.545
Heterocyst 0.843 (0.504-1.411) 0516
Hydronephrosis (No vs Yes) 1.003 (0.626—1.609) 0.989
Tumor origin(ref=Pelvis)
Ureter 1.437 (0.913-2.262) 0.117
Junction 0.870 (0.366-2.071) 0.753
Multifocality (Single vs Multiple) 0.624 (0.382-1.018) 0.059
Tumor grade (Low vs High) 1.102 (0.680-1.787) 0.692
Invasion (No vs Yes) 1.685 (0.987-2.878) 0.056
Nerve invasion (No vs Yes) 3.324 (1.792-6.168) | <0.001* | 1.874 (0.904-3.884) 0.091
Vascular invasion (No vs Yes) 2.138 (1.323-3.454) 0.002* 0.902 (0.481-1.692) 0.749
Radiotherapy or chemotherapy (No vs Yes) | 0.731 (0.296—1.808) 0.498
Tumor size (£3cm vs >3cm) 1.677 (1.083-2.596) | 0.020* 1.562 (0.954-2.558) 0.076
PLR (=129.8 vs >129.8) 1.926 (1.233-3.009) | 0.004* 1.900 (1.168-3.090) 0.010%

Notes: Variables are expressed as HR (95% confidence interval). ¥P<0.05.
Abbreviations: PLR, Platelet-to-lymphocyte ratio; BMI, Body mass index.

(1.535-5.895), P = 0.001] and PLR [2.028(1.014-4.057), P = 0.046] were associated with IVRFS(Table 2), pathologic
T stage [2.909(1.348-6.276), P = 0.006; 5.341(1.603-17.791), P = 0.006] and PLR [1.900(1.168-3.090), P = 0.010] were
associated with RFS (Table 3), and age [2.037(1.236-3.357), P = 0.005], pathologic T stage[7.1221(701-29.816),
P = 0.007; 8.161(2.017-33.014), P = 0.003; 12.913(2.319-71.899), P = 0.003], nerve invasion [2.473(1.134-5.394),
P =0.023] and PLR [1.866(1.099-3.167), P = 0.021] were associated with OS (Table 4).

Grouped by Gender

For males, the results of univariate Cox regression results suggested that pathologic N stage [29.326(3.263-263.590),
P = 0.003], tumor origin [2.393(1.074-5.330), P = 0.033], tumor size [2.241(1.063-4.724), P = 0.034] and PLR [2.799
(1.289-6.076), P = 0.009] were associated with IVRFS; multivariate Cox regression results suggested that pathologic
N stage [19.561(1.861-205.620), P = 0.013], tumor origin[2.565(1.112-5.913), P = 0.027], tumor size [2.573(1.156-5.726),
P =0.021] and PLR [2.546(1.034-6.269), P = 0.042] were associated with IVRFS (Table S3). For females, the results of
univariate Cox regression suggested that diabetes [3.188(1.228-8.274), P = 0.017] was associated with [IVRFS; multivariate
Cox regression results suggested that diabetes [3.372(1.259-8.509), P = 0.015] was associated with IVRFS (Table S4).
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Table 4 Univariate and Multivariate Cox Regression to Explore the Influence of Overall Survival for All

Patients
Variable Univariate Cox Regression Multivariate Cox Regression
HR (95% CI) P HR (95% CI) P
Gender (Female vs Male) 1.544 (0.963-2.477) 0.072
Age (x<70 years vs 270 years) 2.442 (1.529-3.899) <0.001* | 2.037 (1.236-3.357) 0.005*
Pathologic T stage (ref=pTa/pTis)
pTI 2.067 (0.605-7.065) 0.247 3.480 (0.895-13.527) 0.072
pT2 4.646 (1.562-13.815) | 0.006* | 7.122 (1.701-29.816) 0.007*
pT3 6.373 (2.247-18.078) | <0.001* | 8.161 (2.017-33.014) 0.003*
pT4 18.183 (5.953-55.539) | <0.001* | 12.913 (2.319-71.899) | 0.003*
Pathologic N stage (ref=pN0)
pNI 2.875 (0.699-11.829) | 0.143 1.947 (0.385-9.853) 0.421
pN2 4.281 (1.842-9.948) 0.001* | 0.832 (0.254-2.725) 0.762
Location (Left vs Right) 0.876 (0.553-1.390) 0.574
Hypertension (No vs Yes) 1.086 (0.686—1.719) 0.726
Diabetes (No vs Yes) 1.127 (0.674—1.886) 0.649
BMI (<24 kg/m? vs 224 kg/m?) 0.876 (0.552-1.390) 0.574 1.144 (0.684-1.913) 0.609
Uropathology (ref=None)
Existence 0.650 (0.326-1.298) 0.222
Heterocyst 1.092 (0.646—1.846) 0.743
Hydronephrosis (No vs Yes) 1.228 (0.760—1.984) 0.402
Tumor origin(ref=Pelvis)
Ureter 1.496 (0.927-2.415) 0.099
Junction 0.947 (0.366-2.452) 0.910
Multifocality (Single vs Multiple) 0.812 (0.498-1.323) 0.402
Tumor grade (Low vs High) 1.285 (0.754-2.190) 0.457
Invasion (No vs Yes) 2.937 (1.461-5.905) 0.002* 0.621 (0.227-1.699) 0.354
Nerve invasion (No vs Yes) 5.339 (2.883-9.886) <0.001* | 2.473 (1.134-5.394) 0.023*
Vascular invasion (No vs Yes) 2.842 (1.736-4.651) <0.001* | 1.218 (0.613-2.419) 0.573
Radiotherapy or chemotherapy (No vs Yes) | 0.642 (0.233-1.769) 0.392
Tumor size(<3cm vs >3cm) 1.645 (1.037-2.610) 0.034* 1.461 (0.828-2.578) 0.191
PLR(2131.9 vs >131.9) 1.933 (1.208-3.094) 0.006* 1.866 (1.099-3.167) 0.021*

Notes: Variables are expressed as HR (95% confidence interval). *P<0.05.
Abbreviations: PLR, Platelet-to-lymphocyte ratio; BMI, Body mass index.

Grouped by Tumor Grade

In the low-grade tumor group, the results of univariate Cox regression suggested that pathologic N stage [9.440(1.149-
—77.582), P = 0.037], tumor origin [3.721(1.288-10.754), P = 0.015], tumor size [3.984(1.437-11.047), P = 0.008] and
PLR [3.442(1.295-9.150), P = 0.013] were associated with IVRFS; multivariate Cox regression results suggested that
pathologic N stage [21.727(1895-249.077), P = 0.013], tumor origin [4.713(1.445-15.372), P = 0.010], tumor size [6.126
(1.860-20.176), P = 0.003] and PLR [3.586(1.172-10.978), P = 0.025] were associated with IVRFS (Table S5). In the
high-grade tumor group, the results of univariate Cox regression suggested that pathologic T stage [4.631(1.054-20.353),
P = 0.042] and diabetes [2.394(1.140-5.027), P = 0.021] were associated with IVRFS; multivariate Cox regression
results suggested that diabetes [2.267(1.066—4.820), P = 0.033] was associated with IVRFS (Table S6).

Survival Analysis

We plotted survival curves for the effect of PLR on IVRFS, RFS and OS (Figure 3). In addition, we plotted survival
curves for the effect of PLR on IVRFS in males, females, low-grade tumor group and high-grade tumor group,
respectively (Figure 4). The K-M survival curves showed that for all patients, IVRFS was significantly higher in patients
with PLR <169.4 compared to those with PLR >169.4 (P = 0.007), RFS was significantly higher in patients with PLR
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Figure 3 Kaplan-Meier curves for the prognosis by platelet-to-lymphocyte ratio. (A) Kaplan-Meier curves for intravesical recurrence-free survival by platelet-to-lymphocyte
ratio (PLR); (B) Kaplan-Meier curves for recurrence-free survival by PLR; (C) Kaplan-Meier curves for overall survival by PLR.

Abbreviations: PLR, Platelet-to-lymphocyte ratio; IVRFS, intravesical recurrence-free survival; RFS, Recurrence-free survival; OS, Overall survival.
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Figure 4 The Kaplan—Meier curves of intravesical recurrence-free survival in different subgroups. (A) Kaplan-Meier curves for intravesical recurrence-free survival by
platelet-to-lymphocyte ratio (PLR) in males; (B) Kaplan-Meier curves for intravesical recurrence-free survival by platelet-to-lymphocyte ratio (PLR) in females; (C) Kaplan-
Meier curves for intravesical recurrence-free survival by platelet-to-lymphocyte ratio (PLR) in low-grade group; (D) Kaplan-Meier curves for intravesical recurrence-free
survival by platelet-to-lymphocyte ratio (PLR) in high-grade group.

Abbreviations: PLR, Platelet-to-lymphocyte ratio; IVRFS, intravesical recurrence-free survival.

<169.4 compared to those with PLR >169.4 (P = 0.003), and OS was significantly higher in patients with PLR <169.4
compared to those with PLR >169.4 (P = 0.005); for male patients, IVRFS was significantly higher in patients with PLR
<169.4 compared to those with PLR >169.4 (P = 0.006); however, the difference was not statistically significant for
female patients (P = 0.229); for the low-grade tumor group, IVRFS was significantly higher in patients with PLR <169.4
compared to those with PLR >169.4 (P = 0.008); however, the difference was not statistically significant for female
patients (P = 0.260); however, the difference was not statistically significant for female patients (P = 0.153).
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Discussion

Our study demonstrated that high PLR was a significant unfavorable prognostic determinant of IVRFS in UTUC patients
after RNU, the finding that held true in men and was not statistically significant in women, and held true in the low-grade
group and was not statistically significant in the high-grade group. Chronic inflammation caused by smoking and smoke
exposure can lead to an excessive increase in neutrophils (neutrophils are the most abundant type of white blood cell in
the body and are the body’s rapid response force to fight infections), which, along with an increase in neutrophils, leaves
the body susceptible to infections and awakens dormant cancer cells, which can lead to the recurrence of cancer.’> We
believe that this difference in the statistical results between men and women may be due mainly to the fact that the
variable of smoking was not included in the basic information statistics. Of course, the small sample size is also an
important factor in this discrepancy. As we all know, tumor cells of patients with low-grade tumors grow slower, have
a low degree of malignancy, and have a low likelihood of recurrence, while those of patients with high-grade tumors
grow faster, have a high degree of malignancy, are more invasive, have a high likelihood of recurrence, and are prone to
spread to other parts of the body.?’**** The differences in our findings between different tumor grades may result from
differences in tumor aggressiveness. Low-grade tumors have low invasiveness, and when the PLR is high, it reflects
a heavy inflammatory response of the body, and a high inflammatory state promotes the aggressiveness of the tumor.
High-grade tumors are inherently highly aggressive and are prone to recurrence and metastasis regardless of the body’s
inflammatory state.

Inflammation and immune response are important components of tumorigenesis, proliferation, invasion, and
metastasis.*® Inflammation-related indices such as SII, NLR, PLR, LMR, etc., can reflect systemic inflammatory response
and have prognostic predictive value in various malignancies.** >’ Inflammation, infection and oncogene activation lead
to the activation of transcription factors in the tumor and stroma, which in turn leads to the production of chemokines,
cytokines and prostaglandins and induces the recruitment of inflammatory cells.*® Secretion of chemokines and cytokines
in the circulation mediates alterations at distal sites, leading to secretion of tumor-derived cytokines and growth factors
into the somatic circulation mediating alterations at distal sites.'> Tumor cells and tumor ecological niches regulate the
development, maturation, and release of bone marrow neutrophils through the production of growth factors (eg, G-CSF
and GM-CSF) and inflammatory cytokines, including IL-6, IL-1B, and IL-17 (Neutrophil Diversity and Plasticity in
Tumor Progression and Therapy), which result in peripheral neutrophilia.*'-** Platelets play an important role in tumor
progression. Secretion of IL-6 by tumor cells stimulates the production of thrombopoietin (TPO), which leads to
megakaryopoiesis and platelet production and results in thrombocytosis and hypercoagulability known as Trousseau
syndrome.*>** Platelets can accelerate tumor progression by interacting directly or indirectly with tumor cells by
promoting tumor cell proliferation, resisting cell death, inducing angiogenesis, activating invasion, establishing pre-
metastatic microhabitats, and evading immune detection.** Elevated platelet counts have been reported to be associated
with an increased risk of cancer at multiple sites.*® Many studies have reported an association between elevated platelet
counts and reduced disease-specific survival in various types of cancer.*’ In the context of tumor immune surveillance
and resistance, lymphocytes play a crucial role in hindering tumor cell proliferation and growth through cytotoxic cell
death. Conversely, the presence of T lymphocytes in the tumor microenvironment has been consistently associated with
improved prognosis, highlighting their significant anti-tumor function.**** During cancer immune surveillance and
resistance, lymphocytes inhibit tumor cell proliferation and growth through cytotoxic cell death. Lymphocytes have
important anti-tumor functions, and infiltration of the tumor microenvironment by T lymphocytes is known to correlate
with a better prognosis.*®** CD8" T cells are directly involved in tumor cell lysis and cytotoxic cytokine production.
CD4" Th1 cells assist cytotoxic T lymphocytes and influence tumor progression through the production of cytokines (eg,
IFN-y), and Thl7 cells and Treg cells play a role in the anti-tumor process by activating cytotoxic lymphocytes or
suppressing inflammation.’® In conclusion, neutrophils, platelets and lymphocytes are important components of inflam-
mation and immunity associated with cancer. In UTUC, multiple systemic inflammation and immune-related indices
have been established based on these factors to predict the prognosis of patients after RNU, including PLR, NLR, LMR,
and SII.'*°'7>3 Elevated platelets and decreased lymphocytes lead to an elevated PLR. Our study demonstrated that high
PLR was a significant unfavorable prognostic determinant of IVRFS, RFS and OS in UTUC patients after RNU. This
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suggests that changes in PLR reflect alterations in the inflammatory state of the body and thus can provide predictive
value for patient prognosis.

Although certain factors such as tumor stage, tumor grading, and surgical margins were associated with poorer
survival outcomes, these factors are usually assessed postoperatively using pathology specimens. In contrast, blood-based
biomarkers of inflammation can be easily obtained before surgery and help urologists make the best clinical decisions for
individual patients.*>>*%

For patients with UTUC after RNU, if bladder tumor recurrence is detected, one or even more transurethral bladder
tumor electrodes will be required, and some patients may even need to undergo radical cystectomy. This seriously affects
the quality of patients’ survival, and also puts tremendous financial pressure on patients, and may even significantly
shorten survival time. Therefore, it is essential to predict the likelihood of recurrence in the bladder in advance so as to
intervene in advance. Zhenkai Luo et al study shows PLR as an independent risk factor for IVR.’® This study likewise
did not take into account the origin of the recurrent bladder tumors. However, in this study, the investigators did not
exclude patients with a history of bladder cancer, so it was not possible to determine whether it was a recurrence of the
bladder tumor or a recurrence of UTUC in the bladder. In this study, we excluded patients with a history of bladder
cancer. A study from Kaohsiung Medical University suggested that the NLR, PLR, and SII were independent predictive
factors for both metastasis-free survival (MFS) and cancer-specific survival (CSS) in UTUC patients, but among the
factors, only elevated SII can predict bladder recurrence.”® The study excluded patients with a history of bladder cancer,
but did not demonstrate the predictive value of PLR for recurrence in the bladder.

This study has several strengths. First, the present study has the innovative finding that high levels of PLR values
correlate with intravesical recurrence after RNU only when the primary tumor pathology is low-grade; this correlation
does not exist when the primary tumor pathology is high-grade. Second, in this study, patients with a history of bladder
cancer were excluded and were able to rule out the effect of bladder tumor recurrence. Finally, compared with other risk
factors, PLR could be obtained before surgery, thus rationally guiding further treatment.

PLR, a simple, cost-effective and easily accessible indicator of inflammation, can reflect the risk of recurrence in the
bladder in patients with low-grade UTUC. Low-grade UTUC is usually of longer duration and less malignant, but
recurrence may still occur. High PLR levels may suggest a higher risk of intravesical recurrence in these patients, and
therefore can be used as an adjunctive judgment tool to help clinicians better assess a patient’s risk of recurrence. For
patients with low-grade UTUC, a high PLR value may imply that the patient’s immune system is in a higher state of
inflammation, suggesting that closer follow-up or targeted adjustments to the treatment regimen may be needed. For
example, such patients may require more surveillance, imaging and urine cytology testing, and even consideration of
more aggressive adjuvant therapy, such as local immunotherapy, when managing follow-up after RNU. In patients with
high-grade bladder cancer, the tumor itself is more malignant, and its risk of recurrence is usually strongly influenced by
the aggressiveness and degree of differentiation of the tumor cells themselves, while the relationship with the immune
system or inflammatory response may be relatively weak. Therefore, PLR values are of low prognostic significance in
such patients, emphasizing that patients with high-grade tumor should pay more attention to the treatment of the tumor
itself and the mechanism of recurrence, rather than relying solely on PLR values to assess the risk of recurrence. PLR
values in patients with low-grade tumor were associated with intravesical recurrence, suggesting that immune response
may play a role in the recurrence process of low-grade tumors. High PLR values may be a reflection of the inflammatory
response in the tumor microenvironment, further supporting the potential role of the immune microenvironment in
bladder carcinogenesis and recurrence. Therefore, interventions targeting PLR, an indicator of immune inflammation,
may become a new research direction in future therapy of UTUC.

However, a little of limitations of this study should be recognized. First, it is important to note that this study is
retrospective and was conducted within a single center. This study may suffer from selection bias, information bias and
recall bias, which may lead to inaccurate data and an unrepresentative sample. The quality and completeness of the data
may be limited by the difficulty in clarifying causality due to the inability to control for confounding factors. Therefore,
the findings need to be validated by future multicenter studies with larger samples. Secondly, smoking is known to be
a risk factor for uroepithelial carcinoma, and the weakness of this study to include a history of smoking in the data
collection could have been a confounding factor. Finally, The cutoff values for this study were determined based on the
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ROC curves of the data from this study, and other studies have determined their own cutoff values based on the data from
their studies. This resulted in different cutoff values being obtained for different study data. Therefore, it is crucial to
develop a more universally applicable threshold for PLR.

In conclusion, the findings of this study provide new ideas for recurrence risk assessment in UTUC patients after
RNU, especially in patients with low-grade tumors, where the PLR value, as a simple hematological indicator, may
become an important tool to assist in diagnosis and prognostic assessment. However, for patients with high-grade tumors,
the application value of PLR is low, emphasizing the decisive role of the tumor’s own pathological characteristics in
UTUC recurrence. The effect of PLR in association with other immune markers should be further investigated in the
future to achieve more precise and individualized treatment.

Conclusion

Our study showed that high preoperative PLR levels were associated with shorter IVRFS, RFS, and OS in UTUC
patients after RNU. In particular, high preoperative PLR levels shortened IVRFS in UTUC patients after RNU only in
men and patients with low-grade tumors, but not in women and patients with high-grade tumors. This suggests that PLR
has some predictive significance for the prognosis of UTUC patients after RNU, which may not be applicable to all
populations.
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