International Journal of General Medicine Dove

ORIGINAL RESEARCH

Preoperative Inflammation-Associated Blood Cell
Markers in Patients with Non-Metastatic Clear
Cell Renal Cell Carcinoma: A Retrospective Study

Yuling Cheng*, Wei Kou*, Yu Zhu

Department of Urology, Shanghai Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, 200025, People’s Republic of China
*These authors contributed equally to this work

Correspondence: Yu Zhu, Department of Urology, Shanghai Ruijin Hospital, Ruijin 2nd Road, Huangpu District, Shanghai, 200025, People’s Republic of
China, Tel +86 21-64370045, Email zy |0478@rjh.com.cn

Purpose: This study aimed to investigate the association between preoperative inflammation-associated blood cell markers and the
prognosis of patients with non-metastatic clear cell renal cell carcinoma (ccRCC) who underwent nephrectomy.

Patients and Methods: We retrospectively analyzed data from our single-center cohort of patients who underwent radical or partial
nephrectomy for non-metastatic ccRCC. The optimal cutoff values for red blood cell distribution width (RDW), platelet-to-lymphocyte
ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and lymphocyte-to-monocyte ratio (LMR) were determined using X-tile software.
We evaluated recurrence-free survival (RFS), cancer-specific survival (CSS), and overall survival (OS) using the Kaplann-Meier
method. Cox proportional-hazards regression models were utilized to assess predictors of RFS, CSS, and OS. The predictive accuracy
was evaluated using Harrell’s Concordance Index (C-index).

Results: A total of 444 patients who underwent nephrectomy were included in the study. The optimal cutoff values for RDW, PLR,
NLR, and LMR were determined as 13.1, 157.3, 3.4, and 2.7, respectively. On univariate Cox regression analysis, NLR, PLR, and
LMR were significant predictors for RFS, CSS, and OS. After adjusting for important prognostic factors, only NLR remained
a significant prognostic marker for both CSS and OS. When NLR was added to the stage, size, grade, and necrosis (SSIGN)
model, the C-index increased from 0.777 to 0.826 for CSS and from 0.703 to 0.734 for OS. Similarly, when NLR was added to the
University of California, Los Angeles, Integrated Staging System (UISS), the C-index increased from 0.796 to 0.811 for CSS and from
0.735 to 0.745 for OS.

Conclusion: NLR is a reliable prognostic biomarker for patients with non-metastatic ccRCC. The prognostic capabilities of UISS and
SSIGN models could be improved by adding NLR to UISS and SSIGN models.

Keywords: clear cell renal cell carcinoma, neutrophil-to-lymphocyte ratio, prognosis, recurrence

Introduction

Renal cell carcinoma (RCC) is the most common type of kidney tumor, accounting for 2-3% of all malignancies worldwide.'~
The predominant subtype of RCC is clear cell renal cell carcinoma, which makes up approximately 80-90% of all RCC cases.’
Although ccRCC is not the most aggressive histological type, it is associated with lower survival rates compared to other
subtypes such as chromophobe and papillary RCCs.* For ccRCC patients without metastasis, surgery is the standard and most
effective treatment, unless the patients are unable to tolerate the risks associated with surgery.* The prognosis of patients with
non-metastatic clear cell renal cell carcinoma (ccRCC) is influenced by many factors such as the pathological stage and
Fuhrman grade. Recent studies have indicated that the five-year survival rate for non-metastatic patients ranges from 60% to
90%.> However, it is important to note that localized ccRCC patients (cT;_3NoM) have a relapse probability of 20% to 30%
after nephrectomy. For advanced ccRCC patients (cT4NoMy), the recurrence or metastasis rate is estimated to be around 30%
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to 40%.° To guide treatment planning and follow-up for RCC patients, it is crucial to accurately predict the individual risk of
recurrence and progression following surgery.

Several pathological prognostic factors, including nuclear grade and Tumor, Node, Metastasis (TNM) staging, are
commonly employed to predict the prognosis of postoperative RCC patients. University of California, Los Angeles
(UCLA) developed a prognostic model, known as the UISS, to predict survival of patients with localized and metastatic
RCC after surgery. The model classified patients into three risk groups: low-risk, intermediate-risk, and high-risk
according to three factors (grade, stage, and Eastern Cooperative Oncology Group performance status).” A large multi-
center study involving 4202 patients validated and tested this model. For patients with localized RCC, the 5-year survival
rates were 92% for the low-risk group, 67% for the intermediate-risk group, and 44% for the high-risk group.8 For
patients with metastatic RCC, the 3-year survival rates were 37% for the low-risk group, 23% for the intermediate-risk
group, and 12% for the high-risk group.® Another study conducted by Frank et al focused on predicting cancer-specific
survival in patients with clear cell RCC who underwent nephrectomy. They developed a risk model called SSIGN, which
differs from UISS as it incorporates only four pathologic parameters: TNM stage, tumor size, nuclear grade, and
histologic tumor necrosis.” According to the study, the 5-year cancer-specific survival rates varied based on the
SSIGN score.’ Patients with a score of 0 to 2 had a 100% survival rate, those with a score of 3 to 4 had a 90.5%
survival rate, those with a score of 5 to 6 had a 63.6% survival rate, those with a score of 7 to 9 had a 46.8% survival rate,
and those with a score of 10 or more had a 0% survival rate.'® However, accurate prediction of individual prognosis
remains difficult."’ Thus, it is necessary to find novel preoperative prognostic markers to give prognostic information on
non-metastatic RCC patients.

Increasing evidence supports the role of tumor-associated inflammation in the development and progression of
tumors. Several factors, including NLR, PLR, LMR, and RDW, have been identified as prognostic predictors in patients
with localized ccRCC (c¢T;_3NoMy) and metastatic ccRCC (CTH;N(HMI).IZ*” However, there is limited research on all
these markers in ccRCC patients, particularly those with non-metastatic disease. In this study, we aimed to evaluate the
impact of NLR, PLR, LMR, and RDW on recurrence and survival in non-metastatic ccRCC patients. Additionally, we
investigated the effect of incorporating these markers into the SSIGN and UISS models.

Materials and Methods

This study was approved by the ethics committee and institution review board of our hospital. The medical records of
non-metastatic RCC patients, who underwent radical or partial nephrectomy at Shanghai Ruijin Hospital from
January 2015 to December 2017, were reviewed. Of this dataset, we excluded cases with non-clear cell histology and
restricted our analyses to clear cell RCC only. Other exclusion criteria were as follows: (1) Concurrent infections,
immune disorders, or hematological conditions; (2) Presence of other tumors; (3) Incomplete clinical and pathological
data.

For each patient, the following clinicopathological information were gathered: age at surgery, gender, smoking
history, alcohol history, hypertension, diabetes, body mass index (BMI), surgical method, pathologic tumor stage (T
stage), pathologic node stage (N stage), tumor size, Eastern Cooperative Oncology Group performance status (ECOG-
PS), Charlson Comorbidity Index (CCI), as well as nuclear grade and tumor necrosis. The pathology report recorded
tumor size as the largest diameter (in centimeters). Tumor necrosis was categorized as either present or absent, without
quantitative assessment. If necrosis was not mentioned, it was regarded as absent. Alcohol history was defined as patients
who had been or are currently consuming alcohol more than three times a week, with each instance involving more than
100mL. Smoking history was defined as patients reporting a smoking habit and smoking more than 10 cigarettes per
week. Nuclear grade was determined according to Fuhrman criteria.'® Tumor TNM staging was performed according to
the American Joint Committee on Cancer (AJCC) TNM classification system. UISS was determined by TNM stage,
Fuhrman grade and ECOG-PS. Patients were divided into low-, intermediate-, and high-risk UISS groups.” SSIGN score
was determined by TNM stage, tumor size, nuclear grade, and histologic tumor necrosis (SSIGN score= stage, size,
grade, and necrosis). Patients were divided into low- (0-2), intermediate- (3—5), and high-risk (>6) SSIGN groups.’

Laboratory data, such as hemoglobin, neutrophil count, platelet count, white blood cell count, lymphocyte count,
monocyte count, and red blood cell distribution width, were obtained from pre-surgery blood screening tests. If multiple
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preoperative blood tests were available for a patient, the value closest to the date of nephrectomy was used. The NLR was
calculated by dividing the absolute neutrophil count by the absolute lymphocyte count. The PLR was calculated by
dividing the absolute platelet count by the absolute lymphocyte count. The LMR was calculated by dividing the absolute
lymphocyte count by the absolute monocyte count. Recurrence free survival was defined as the interval from the date of
surgery to the date of recurrence, distant metastasis or last follow-up. Cancer-specific survival (CSS) was defined as the
interval from the data of surgery to mortality for a consequence of RCC. Overall survival (OS) was defined as the time
from the date of surgery to mortality of any cause or last follow-up.

The statistical analysis was performed using the SPSS 26.0 the R software 4.2.1. Demographic and pathological
parameters are described with frequency and percentage for categorical variables and median and interquartile range for
continuous variables. X-tile software was used to determine the optimal cutoff for each inflammation-associated blood
cell marker. X-tile presents a new tool for the assessment of biological relationships between a marker (NLR/ PLR/
LMR/ RDW) and outcome (RFS/ CSS/ OS) and discover the population cut-points based on maker values.'® Pearson -
test or Fisher’s exact test was used to compare categorical variables. Kaplan-Meier curves were plotted, and any
differences between the survival curves were assessed using the Log rank test. We utilized univariate Cox proportional-
hazards models to identify factors that could predict the risk of recurrence-free survival (RFS), cancer-specific survival
(CSS), and overall survival (OS). This involved estimating hazard ratios (HRs) and calculating 95% confidence intervals
(ClIs). For variables that showed statistical significance in the univariate analysis, a multivariate Cox proportional hazards
regression was conducted. All significant risk factors were incorporated into the final multivariate model. To evaluate the
predictive accuracy of the model, Harrell’s concordance index (C-index) was utilized. C-index varies from 0.5 (no
predictive capacity) to 1 (perfect prediction).*® All statistical tests were two-sided and a P<0.05 was considered
statistically significant.

Results

Baseline Characteristics and Cut-Off Values for Inflammatory-Related Blood Marker
Between January 2015 and December 2017, 444 patients who underwent nephrectomy and whose postoperative
pathology revealed clear cell RCC were identified. Table 1 shows the baseline characteristics of the patients. For this
cohort, the mean (IQR) values of inflammatory-related blood markers were as follows: NLR, 2.0 (1.6-2.6); PLR, 112.9
(87.1-143.9); LMR, 3.8 (3.0-5.0); 13.2 (12.9-13.7). The optimal cutoff values for RDW, PLR, NLR, and LMR were
13.1, 157.3, 3.4, and 2.7, respectively (by the X-tile software). Based on the cutoff values of RDW, PLR, NLR, and
LMR, the patients were divided into low groups and high groups.

The Relationship Between Inflammatory-Related Blood Markers and Patients’

Characteristics

The association of NLR, PLR, LMR and RDW with clinicopathological characteristics are listed in Table 2. As depicted,
NLR, PLR and LMR were all significantly associated with Fuhrman grade, age, and SSIGN risk group. In addition,
significant correlations were found between gender and LMR, BMI and PLR, T stage and LMR. RDW was only
associated with pathologic tumor size.

Preoperative Inflammation-Related Blood Markers and Survival Outcomes

The median follow-up time after nephrectomy was 70 months. During this period, 38 (8.6%) patients died, 29 patients
(6.5%) of whom died from ccRCC and 9 (2.0%) died from other causes. 58 patients (13.1%) experienced recurrence.
Figure 1 shows the Kaplan-Meier curves for patients’ RFS, CSS, and OS. Figure 1 reveals that high NLR, high PLR, and
low LMR seems to be a significant factor for poor prognosis in patients with ccRCC (Log rank test P < 0.05 for all 3
tested end points). On univariate Cox regression analysis, PLR, NLR, and LMR were all prognostic predictors for RFS,
CSS and OS (Table 3). After, adjusting for other important prognostic factors, only NLR remained an independent
prognostic factor for both CSS (hazard ratio [HR], 5.40; 95% confidence interval [CI], 2.03—14.36; P = 0.001) and OS
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Table | Clinicopathologic Features of the Cohort
Characteristic Value
Patients, n 444
Preoperative clinical
Median age at surgery, year (IQR) 58 (51-65)
Male sex (%) 311 (70.0)
Smoking history (%) 138 (31.1)
Alcohol history (%) 90 (20.3)
Hypertension (%) 207 (46.6)
Diabetes (%) 81 (18.2)
Median BMI (kg/m?) (IQR) 242 (22.1-26.4)
ECOG performance status (%)
0 302 (68.0)
2| 142 (32.0)
Charlson Comorbidity Index
0-1 386 (86.9)
22 58 (13.1)
Surgical
Type of treatment (%)
Partial 137 (30.9)
Radical 307 (69.1)
Surgical approach (%)
Open I (2.5)
Laparoscopic 364 (82.0)
Da Vinci robot 69 (15.5)
Pathologic
Grade (%)
| 22 (5.0)
2 314 (70.7)
3 88 (19.8)
4 20 (4.5)
pT-classification (%)
pTl 370 (83.3)
pT2 23 (5.2)
pT3 18 (4.1)
pT4 33 (74)
pN-classification (%)
pNoO 442 (99.5)
pNI 2 (0.5)
Median pathologic tumor size (IQR) 3.5 (2.6-5.0)
Pathological necrosis (%) 31 (7.0)
Preoperative hematologic index
(Continued)
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Table 1 (Continued).

Characteristic Value
Hemoglobin, g/dL 139 (129.3-149.0)
WBC, 10%/L 6.0 (5.0-7.0)
Neutrophil count, 10°/L 3.5 (2.94.3)
Lymphocyte count, 10%/L 1.7 (1.4-2.1)
Monocyte count, 10°/L 0.4 (0.4-0.6)
NLR 2.0 (1.6-2.6)
PLR 112.9 (87.1-143.9)
LMR 3.8 (3.0-5.0)
RDW 13.2 (12.9-13.7)
Risk group

UISS risk group, n (%)

Low 210 (47.3)
Intermediate 194 (43.7)
High 40 (9.0)
SSIGN risk group, n (%)

Low (0-2) 363 (81.8)
Intermediate (3-5) 70 (16.0)
High (26) 10 (2.3)

Note: Data presented as median (IQR) or n (%).

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology
Group; IQR, interquartile range; WBC, white blood cell; NLR, Neutrophil-to-
Lymphocyte Ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-
monocyte ratio; RDW, red blood cell distribution width; UISS, University of
California, Los Angeles, integrated staging system; SSIGN, the stage, size, grade,
and necrosis (SSIGN) score.

(HR, 4.42; 95% CI, 1.88-10.40; P = 0.001). No evidence showed an association between RDW and prognosis of ccRCC
patients in our study.

NLR and Prognostic Risk Models for ccRCC

On univariate Cox regression analysis, NLR, UISS, and SSIGN were significant predictors for CSS and OS (Table 4).
After, adjusting for UISS, NLR remained an independent factor for both CSS (HR,6.72; 95% CI, 3.16-14.28; P < 0.001)
and OS (HR, 5.09; 95% CI1,2.58-10.03; P < 0.001). Moreover, after adjusting for SSIGN, NLR was still an important
maker for CSS (HR,5.08; 95% CI,2.40-10.78; P < 0.001) and OS (HR,4.17; 95% CI,2.11-8.25; P < 0.001). When NLR
was combined with the SSIGN model, the c-index increased from 0.777 to 0.826 for CSS and from 0.703 to 0.734 for
OS. When NLR was combined with UISS, the c-index increased from 0.796 to 0.811 for CSS and from 0.735 to 0.745
for OS.

Discussion
In this study, we investigated on the relationship between the preoperative inflammation-related blood markers and
survival outcomes of 444 non-metastatic ccRCC patients. Our findings revealed that the Neutrophil-to-Lymphocyte Ratio
(NLR) could be served as an independent prognostic indicator for Cancer-Specific Survival (CSS) and Overall Survival
(OS), even after adjusting for other important prognostic factors. However, none of the inflammatory markers examined
in our study showed prognostic significance for Recurrence-Free Survival (RFS).

Several laboratory indicators are associated with systemic inflammation, such as elevated CRP levels, low albumin
levels, elevated cytokine levels, and an increase in neutrophils. The inflammatory response triggers the production and
release of neutrophils from the bone marrow, which can suppress the cytolytic functions of immune cells like
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Table 2 The Clinical and Pathological Characteristics of Different Groups

Variable NLR PLR LMR RDW
<34 >3.4 P value <157.3 >157.3 P value <2.7 >2.7 P value <13.1 >13.1 P value

Age 0.016* 0.045* 0.003* 0.570
<65 282 (71.2) 26 (54.2) 258 (71.5) 50 (60.2) 43 (55.1) 265 (72.4) 122 (70.9) 186 (68.4)

265 114 (28.8) 22 (45.8) 103 (28.5) 33 (39.8) 35 (44.9) 101 (27.6) 50 (29.1) 86 (31.6)

Male gender 274 (69.2) 37 (77.1) 0.260 255 (70.6) 56 (67.5) 0.570 62 (79.5) 249 (68.0) 0.045%* 122 (70.9) 189 (69.5) 0.746
Smoking 117 (29.5) 2| (43.8) 0.045* 114 (31.6) 24 (28.9) 0.636 33 (42.3) 105 (28.7) 0.018* 46 (26.7) 92 (33.8) 0.116
Alcohol 82 (20.7) 8 (16.7) 0.511 75 (20.8) 15 (18.1) 0.581 15 (19.2) 75 (20.5) 0.801 38 (22.1) 52 (19.1) 0.447
Diabetes 68 (17.2) 13 (27.1) 0.093 66 (18.3) 15 (18.1) 0.964 19 (24.4) 62 (16.9) 0.123 35 (20.3) 46 (16.9) 0.361
Hypertension 180 (45.5) 27 (56.3) 0.157 166 (46.0) | 41 (49.4) 0.574 44 (56.4) 163 (44.5) 0.056 77 (44.8) 130 (47.8) 0.533
BMI 0.747 0.030* 0.478 0.996
<24 183 (46.2) 21 (43.8) 157 (43.5) | 47 (56.6) 33 (42.3) 171 (46.7) 79 (45.9) 127 (46.0)

224 213 (53.8) 27 (56.3) 204 (56.5) 36 (43.4) 45 (57.7) 195 (53.3) 93 (54.1) 145 (54.0)

ECOG 0.232 0.522 0.177 0.297
0 273 (68.9) 29 (60.4) 248 (68.7) 54 (65.1) 48 (61.5) 254 (69.4) 112 (65.1) 190 (69.9)

| 123 (31.1) 19 (39.6) 113 31.3) 29 (34.9) 30 (38.5) 112 (30.6) 60 (34.9) 82 (30.1)

CCl 0.032%* 0.254 0.032%* 0.878
0-I 349 (88.1) 37 (77.1) 317 (87.8) 69 (83.1) 62 (79.5) 324 (88.5) 149 (86.6) 237 (87.1)

2 47 (11.9) 11 (22.9) 44 (12.2) 14 (16.9) 16 (20.5) 42 (11.5) 23 (13.4) 35 (12.9)

Pathologic tumor size, cm 0.021* 0.117 0.086 0.031*
<4 210 (53.0) 17 (35.4) 191 (52.9) 36 (43.4) 33 (42.3) 194 (53.0) 99 (57.6) 128 (47.1)

24 186 (47.0) 31 (64.6) 170 (47.1) | 47 (56.6) 45 (57.7) 172 (47.0) 73 (424) 144 (52.9)

Pathological tumor stage 0.095 0.576 0.049* 0.493
pTI-pT2 354 (89.4) 39 (81.3) 321 (88.9) 72 (86.7) 64 (82.1) 329 (89.9) 150 (87.2) 243 (89.3)

pT3-pT4 42 (10.6) 9 (18.8) 40 (11.1) I (13.3) 14 (17.9) 37 (10.1) 22 (12.8) 29 (10.7)

Pathological node stage 1.000 1.000 0.321 1.000
pNO 394 (99.5) 48 (100) 359 (99.4) 83 (100) 77 (98.7) 365 (99.7) 171 (99.4) 271 (99.6)

pNI 2 (0.5) 0 (0) 2 (0.6) 0 (0) I (1.3) 1 (0.3) I (0.6) | (0.4)

Fuhrman grade 0.009* 0.012* 0.001* 0.623
1-2 307 (77.5) 29 (60.4) 282 (78.1) 54 (65.1) 48 (61.5) 288 (78.7) 128 (74.4) 208 (76.5)

34 89 (22.5) 19 (39.6) 79 (21.9) 29 (34.9) 30 (38.5) 78 (21.3) 44 (25.6) 64 (23.5)
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Tumor necrosis 25 (6.3) 6 (12.5) 0.198 24 (6.6) 7 (8.4) 0.565 8 (10.3) 23 (6.3) 0211 17 (9.9) 14 (5.1) 0.056
UISS risk group 0.041* 0.269 0.009* 0.459
Low 191 (482) | 19 (39.6) 175 (48.5) | 35 (42.2) 32 (41.0) | 178 (48.6) 75 (436) | 135 (49.6)
Intermediate 174 (43.9) | 20 (41.7) 157 (43.5) | 37 (44.6) 32 (41.0) | 162 (44.3) 80 (465) | 114 (41.9)

High 31 (7.8) 9 (18.8) 29 (80) | I1(133) 14 (17.9) | 26 (7.1) 17 (9.9) 23 (8.5)

SSIGN risk group 0.022% 0.001% <0.001* 0335
Low (0-2) 330 (83.3) | 33 (68.8) 307 (85.0) | 56 (67.5) 52 (66.7) | 311 (85.0) 137 (79.7) | 226 (83.1)
Intermediate (3-5) 59 (149) | 12 (25.0) 48 (133) | 23 (277) 21 (269) | 50 (13.7) 29 (169) | 42 (15.4)

High (26) 7(1.8) 3(6.3) 6 (1.7) 4 (48) 5 (6.4) 5 (1.4) 6 (3.5) 4(15)

Notes: Data presented as n (%). *Statistically significant.
Abbreviations: NLR, Neutrophil-to-Lymphocyte Ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; RDWV, red blood cell distribution width; BMI, body mass index; ECOG, Eastern Cooperative Oncology
Group; CClI, Charlson Comorbidity Index; UISS, University of California, Los Angeles, integrated staging system; SSIGN, the stage, size, grade, and necrosis (SSIGN) score.
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Figure | Kaplan-Meier curves were generated to assess the recurrence-free survival, cancer-specific survival, and overall survival based on the values of NLR, PLR, LMR, and
RDW.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; RDW, red blood cell distribution; RFS,
recurrence-free survival; CSS, cancer-specific survival; OS, overall survival.

lymphocytes, natural killer cells, and activated T cells.>’ The combination of elevated neutrophil levels and decreased
lymphocyte levels can result in an increased NLR ratio. An elevated preoperative NLR has been previously demonstrated
as a poor prognosis factor for different human cancer types, including gastrointestinal, nasopharyngeal, and lung
cancer.”! Numerous studies have shown that the NLR can predict outcomes for both localized (T_3N¢M,) and metastatic
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Table 3 Predictors of Recurrence Free, Cancer-Specific and Overall Survival

Variable Recurrence-Free Survival Cancer-Specific Survival Overall Survival
Univariate Multivariate Univariate Multivariate Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age 0.282 0.171 0.018 0.091
<65 Reference Reference Reference Reference
265 1.34 (0.79-2.30) 1.68 (0.80-3.52) 2.15 (1.14-4.07) 1.79 (0.91-3.50)
Gender 0.60 (0.32-1.13) 0.114 0.73 (0.31-1.70) 0.462 0.84 (0.41-1.73) 0.632
Smoking 1.02 (0.59-1.79) 0.933 1.04 (0.47-2.29) 0.922 0.92 (0.46—1.86) 0.819
Alcohol 1.43 (0.80-2.58) 0.229 1.04 (0.42-2.56) 0.932 0.74 (0.31-1.77) 0.495
Diabetes 0.96 (0.50-1.86) 0912 0.85 (0.35-2.10) 0.731 0.71 (0.34-1.50) 0.365
Hypertension 1.37 (0.82-2.29) 0.233 1.44 (0.69-3.00) 0.327 1.78 (0.93-3.42) 0.082
BMI 0.909 0.146 0.339
<24 Reference Reference Reference
224 1.03 (0.61-1.73) 0.58 (0.28-1.21) 0.73 (0.39-1.39)
ECOG 0.015% 0.456 0.007* 0.893 0.005 0.301
0 Reference Reference Reference Reference Reference Reference
2| 1.90 (1.13-3.19) 1.24 (0.71-2.18) 2.76 (1.33-5.74) 0.94 (0.39-2.28) 2.48 (1.31-4.69) 1.46 (0.71-2.99)
Ccl 0.879 0.510 0.314
0-1 Reference Reference Reference
22 1.06 (0.50-2.24) 1.38 (0.53-3.63) 1.52 (0.67-3.46)
Pathologic tumor size, cm 0.004 0.753 0.001 0.252 0.002 0.283
<4 Reference Reference Reference Reference Reference Reference
24 2.19 (1.28-3.77) 1.10 (0.61-2.00) 5.32 (2.03-13.93) 1.86 (0.65-5.35) 3.17 (1.54-6.52) 1.54 (0.70-3.41)
Pathological tumor stage <0.001* 0.001* <0.001* <0.001* <0.001* <0.001*
pTl-pT2 Reference Reference Reference Reference Reference Reference
pT3-pT4 4.07 (2.31-7.16) 2.78 (1.50-5.18) 7.65 (3.67-15.93) 5.61 (2.42-13.02) 5.63 (2.91-10.90) 4.50 (2.17-9.34)
Pathological node stage <0.001* 0.111 0.008 0.281 0.027 0.436
pNO Reference Reference Reference Reference Reference Reference
pNI 15.64 (3.80-64.32) 3.59 (0.75-7.27) 14.86 (2.01-110.00) 3.37 (0.37-30.57) 9.53 (1.30-69.85) 2.37 (0.27-20.71)
Fuhrman grade <0.001* <0.001* <0.001* 0.004* <0.001* 0.068
1-2 Reference Reference Reference Reference Reference Reference
34 6.19 (3.65-10.50) 3.83 (2.10-7.02) 11.57 (4.93-27.16) 4.22 (1.57-11.35) 4.99 (2.62-9.52) 2.07 (0.95-4.54)

(Continued)
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Table 3 (Continued).

Variable Recurrence-Free Survival Cancer-Specific Survival Overall Survival
Univariate Multivariate Univariate Multivariate Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Tumor necrosis 5.24 (2.82-9.74) <0.001* | 2.18 (1.08-4.40) 0.029* 10.28 (4.83-21.87) <0.001* 3.22 (1.30-8.00) 0.012* 6.29 (3.04-13.01) | <0.001* 2.39 (1.01-5.64) 0.048*
NLR <0.001* 0.115 <0.001* 0.001* <0.001* 0.001*
<34 Reference Reference Reference Reference Reference Reference
234 3.02 (1.63-5.60) 1.80 (0.87-3.74) 7.14 (3.40-15.02) 5.40 (2.03-14.36) 5.28 (2.69-10.35) 4.42 (1.88-10.40)
PLR 0.001* 0.285 <0.001* 0.067 <0.001* 0.051
<|57.3 Reference Reference Reference Reference Reference Reference
21573 244 (1.41-4.22) 1.43 (0.74-2.77) 4.37 (2.11-9.06) 2.38 (0.94-6.02) 3.45 (1.81-6.58) 2.18 (1.00-4.74)
LMR <0.001* 0.101 0.003* 0.435 0.014* 0.179
<27 Reference Reference Reference Reference Reference Reference
22.7 0.32 (0.19-0.55) 0.57 (0.30-1.12) 0.31 (0.15-0.67) 1.47 (0.56-3.83) 0.42 (0.21-0.84) 1.83 (0.76-4.42)
RDW 0512 0.628 0.595
<I3.1 Reference Reference Reference
213.1 0.84 (0.50-1.41) 1.21 (0.56-2.60) 1.20 (0.61-2.35)

Note: *Statistically significant.

Abbreviations: HR (95% Cl), Hazard Ratio (95% confidence interval); BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; CCl, Charlson Comorbidity Index; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; RDW, red blood cell distribution width.
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Table 4 Univariate and Multivariate Cox Regression Models Incorporating Prognostic Risk Models and NLR in Prediction of Cancer-Specific Survival, and Overall Survival

Variable

Cancer-Specific Survival

Overall Survival

Univariate Model

Multivariate Model

Univariate Model

Multivariate Model

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
UISS risk group
Low Reference Reference Reference Reference
Intermediate 5.03 (1.43-17.68) 0.012* 4.82 (1.37-16.92) 0.014* 297 (1.24-7.12) 0.015* 2.92 (1.22-7.00) 0.016
High 30.42 (8.65-106.93) <0.001* 29.03 (8.22-102.53) <0.001* 13.39 (5.33-33.63) <0.001* 13.01 (5.16-32.81) <0.001*
NLR <0.001* <0.001*
<34 Reference Reference Reference Reference
234 7.14 (3.40-15.02) 6.72 (3.16-14.28) 5.28 (2.69-10.35) <0.001* 5.09 (2.58-10.03) <0.001*
SSIGN risk group
Low Reference Reference Reference Reference
Intermediate 9.78 (4.28-22.39) <0.001* 8.45 (3.67-19.44) <0.001* 5.78 (2.95-11.34) <0.001* 5.22 (2.65-10.28) <0.001*
High 36.27 (11.95-110.06) <0.001* 27.46 (8.96-84.15) <0.001* 15.94 (5.30-47.92) <0.001* 12.22 (4.03-37.10) <0.001*
NLR
<34 Reference Reference Reference Reference
234 7.14 (3.40-15.02) <0.001* 5.08 (2.40-10.78) <0.001* 5.28 (2.69-10.35) <0.001* 4.17 (2.11-8.25) <0.001*

Note: *Statistically significant.
Abbreviations: HR (95% CI), Hazard Ratio (95% confidence interval); NLR, Neutrophil-to-Lymphocyte Ratio; UISS, University of California, Los Angeles, integrated staging system; SSIGN, the stage, size, grade, and necrosis (SSIGN)

score.
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(T1_4Ny_1M;) ccRCC. Cumulating evidence in metastatic RCC indicates that an elevated NLR could potentially serve as
an independent negative prognostic indicator in interferon-treated,'” interleukin-2 treated,'® as well as in sunitinib treated
patients.'> However, only a few investigations on non-metastatic ccRCC have been published, and the reported findings
are contradictory. In a cohort of 192 non-metastatic RCC patients, Ohno et al found that an elevated NLR was an
independent predictor for recurrence-free survival.?> Another study with 678 patients demonstrated that an elevated NLR
was an independent negative indicator for overall survival, but not for cancer-specific survival. Kim et al conducted
a study with 309 patients and found that preoperative NLR served as an independent marker for recurrence-free survival
in non-metastatic ccRCC.* However, it is worth noting that some studies have reported contradictory findings, stating
that NLR is not a prognostic factor for non-metastatic ccRCC.***

In our study, we found that NLR was an independent prognostic predictor for CSS and OS after adjusting for other
prognostic factors. The exact mechanism behind the connection between an increased NLR and unfavorable cancer prognosis
is still not fully understood. However, it has been observed that elevated levels of neutrophils can release significant quantities
of reactive oxygen species. This release of reactive oxygen species has the potential to cause damage to the DNA of cells and
lead to genetic instability. Consequently, this creates a favorable environment for tumor invasion and the spread of cancer to
other parts of the body. Moreover, circulating neutrophils have the ability to secrete cytokines such as IL-1 and tumor necrosis
factor, as well as produce a proangiogenic factor called vascular endothelial growth factor (VEGF).'>?® VEGF contributed to
tumor angiogenesis and metastasis.”” The reduction of lymphocyte count is an important factor in the body’s inflammatory
response to tumor development. Studies have shown that a decrease in CD4+ T lymphocytes and an increase in CD8+
T lymphocytes can contribute to an immune response against cancer.”® Therefore, the rise in NLR may be explained by the
inflammatory state induced by the tumor (an increase in neutrophils) and the suppression of the body’s immune response (a
decrease in lymphocytes).*!

Kim et al had found that preoperative PLR was an independent factor for RFS in patients with non-metastatic
ccRCC.** As for LMR, Hutterer et al have found that a decreased LMR presents an independent prognostic factor.
Adding the LMR to well-established model (Leibovich prognostic score), the c-index increased from 0.83 to 0.86.'
RDW is a commonly used index to quantify the degree of erythrocyte anisocytosis and has been shown to correlate with
inflammation, nutritional status, renal function, and other serum markers such as C-reactive protein and albumin.?*!
Meta-analyses have also demonstrated an association between an elevated RDW and poor outcomes for patients with
solid tumors such as esophageal cancer, lung cancer, and breast cancer.”” ' A recent study has shown that RDW was an
independent predictor of CSS in patients with RCC.*> However, in our study, the prognostic effect of PLR, LMR, and
RDW have not been discovered in patients with non-metastatic ccRCC.

The UCLA Integrated Staging System (UISS) is a prognostic tool created at UCLA to forecast the survival rate of
patients with localized and metastatic renal cell carcinoma (RCC) following nephrectomy. The UISS model has been
validated in a multicenter study, demonstrating a c-index ranging from 0.76 to 0.86 for patients with localized disease and
0.58 to 0.77 for patients with metastatic disease.® Another predictive model, known as the Mayo Clinic SSIGN score,
was developed by Frank et al to estimate the cancer-specific survival of clear cell RCC.? The SSIGN model has also been
validated, showing a c-index of 0.88.'" Despite the availability of these two prognostic models for RCC, accurately
predicting an individual’s prognosis remains challenging. In our study, we have demonstrated that NLR could improve
the prognostic ability of established models (UISS and SSIGN).

Preoperative full blood tests can easily provide all 4 inflammatory marker values included in our study. Those markers can
serve as cost-effective and convenient prognostic markers. Most studies on blood markers have focused on a single marker and
have not assessed their usefulness in established prognostic scoring systems. In our study, we have investigated the impact of
all markers and integrated an independent prognostic marker (NLR) with established prognostic models, making our study
unique and novel. However, our study has certain limitations. Firstly, it is retrospective and non-randomized in nature. Patients
with incomplete medical records were excluded, which may introduce selection bias. Additionally, our study only included
patients who underwent nephrectomy between January 2015 and December 2017, which may limit the generalizability of the
results to other time periods. Furthermore, we were unable to account for concurrent comorbidities or ongoing infections in the
patients, which could potentially influence the inflammation-related blood markers. Moreover, the precise mechanism
underlying the relationship between poor prognosis and elevated NLR has not been identified.
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Conclusion

In conclusion, the preoperative neutrophil-to-lymphocyte ratio appears to be a prognostic biomarker for non-metastatic
clear cell renal cell carcinomas. Additionally, it has the potential to enhance the predictive capabilities of the UISS and
SSIGN models.

Ethics Approval and Informed Consent

This study was conducted in accordance with the principles of the Helsinki Declaration and received approval from the
Shanghai Ruijin Hospital, Shanghai Jiao Tong University School of Medicine (KY2021-096-B). Due to the retrospective
nature of the study, the requirement for informed consent was waived. To ensure patient confidentiality, all identifying
information was removed.
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