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Abstract 

 

Background/Aim: Several blood and serum-based parameters have been described as prognostic markers 

of clear cell renal cell carcinoma (ccRCC). But most of these markers have inconsistent results and are not 

used in routine clinical practice. Therefore, novel potential predictor biomarkers are needed for the 

management of ccRCC patients in clinical practice. Here, we investigate the predictive value of a novel 

marker, serum C-NLR score, for pathological characteristics and oncological outcomes of ccRCC.  

Methods: A total of 162 RCC patients who underwent radical or partial nephrectomy between January 

2015 and January 2021 were evaluated in a retrospective cohort study setting. The serum C-NLR score 

was compared according to the tumor histopathology-associated parameters. The predictive role of those 

parameters and C-NLR score on the oncological outcomes of ccRCC was also investigated. 

Results: The median serum C-NLR scores exhibited statistically significant increases in ccRCC patients 

with pathological necrosis, lymphovascular invasion, and variant differentiation. Among histopathological 

characteristics, only tumor necrosis and variant differentiation were associated with overall survival (OS) 

and tumor grade with metastasis-free survival (MFS) (no metastasis detected in grade 1–2 tumors) in 

Kaplan Meier analyses. Serum C-NLR score was also associated with OS but not MFS. In the univariate 

analyses, tumor necrosis, variant differentiation, and C-NLR score were associated with OS of localized 

RCC patients who underwent nephrectomy (HR: 0.29; 95% CI: 0.08–1.01; P=0.04, HR: 6.01; 95% CI: 

1.66–21.82; P=0.006 and, HR: 1.21; 95% CI: 0.20–5.16; P=0.04). However, in the multivariate analysis, 

only variant differentiation and C-NLR score were associated with OS (HR: 1.43; 95% CI: 0.82–2.98; 

P=0.03 and HR: 1.21; 95% CI: 0.20–5.16; P=0.04). Tumor grade was directly associated with MFS 

because grade 1–2 tumors did not exhibit any metastasis. 

Conclusion: Serum C-NLR score was higher in worse histopathological entities. Moreover, it predicts the 

OS for patients with ccRCC as an independent factor. 

 

Keywords: clear cell renal cell carcinoma, c-reactive protein, neutrophils, lymphocytes, survival analysis 
  

https://jsurgmed.com/


 J Surg Med. 2023;7(1):123-127.  C-NLR score and clear cell renal carcinoma 

P a g e  |  124 

Introduction 

Renal cell carcinoma (RCC) raised from the renal 

tubular epithelium is a heterogeneous group of cancers. It 

represents 1% to 3% of adult malignancies in humans worldwide 

[1,2]. Among the urological cancers, RCC is the most lethal, and 

approximately 40% of patients with RCC die because of the 

disease progression [2]. Clear cell renal cell carcinoma (ccRCC) 

is the most common subtype and accounts for the majority of 

kidney cancer deaths [1,3]. Localized ccRCC can be treated with 

partial or radical nephrectomy, ablation treatment, or active 

surveillance. The removal of kidney cancer tissue with 

nephrectomy is a curative approach; however, up to 30% of 

patients with ccRCC with localized disease eventually develop 

metastases [1]. Because ccRCC has higher clinical and 

pathological heterogeneity, it is difficult to predict the survival 

outcomes of patients in clinical practice [3]. 

The well-known disease predictors for ccRCC are tumor 

grade and stage. Other important prognostic factors in ccRCC are 

lymphovascular invasion (LVI), variant differentiation (VD), and 

fat invasion. Their prognostic roles have been studied, with the 

authors reporting that they correlated with survival rates [4]. 

Alternative prognostic parameters (e.g., molecular prognostic 

factors) have also been proposed. However, their major 

limitations are higher costs and lower availability in routine 

clinical practice [5]. Therefore, several blood and serum-based 

parameters have been discussed as possible prognostic markers 

of ccRCC [5-8]. However, most such studies provide 

inconsistent results, and their prognostic value in ccRCC patients 

must be confirmed [8]. 

In our opinion, novel potential predictor biomarkers 

must be emphasized and used for clinical studies and, then, 

routine clinical settings. In the present study, we primarily aimed 

to investigate the predictive value of serum C-NLR score for 

pathological characteristics and oncological outcomes of ccRCC. 

Materials and methods 

After the approval of the study by the Review Board of 

Bagcilar Training and Research Hospital (Approval ID: 

2022/11/14/035, Approval Date: 16/11/2022), we conducted a 

retrospective review of our institutional data, including 

radiology, laboratory, and pathology data. A total of 162 renal 

cell carcinoma (RCC) patients who underwent radical or partial 

nephrectomy between January 2015 and January 2021 were 

evaluated. Inclusion criteria were having a clear cell subtype of 

RCC with no history of previous or concomitant malignancy 

other than kidney cancer. Patients who had metastatic disease 

and N+ status at the diagnosis and cases with the final diagnosis 

of benign pathology and papillary and chromophobe subtypes 

after the surgery were not included. Additionally, patients with 

the N+ stage at final pathology and patients with incomplete 

follow-up and/or missing data were also excluded. The history of 

any anemia, active inflammatory diseases, and acute infection 

were other exclusion criteria. 

Characteristics of the kidney masses, including size, 

side, polarity, localization, and egzofitic or endofitic nature, were 

assessed by cross-sectional imaging studies. Preoperative serum 

levels of the neutrophil count, lymphocyte count, neutrophil to 

lymphocyte ratio (NLR), and C-reactive protein (CRP) were 

extracted from our institutional data. CRP and NLR levels were 

classified as normal or elevated based on the cutoff points 

accepted as 10 mg/L and 2.26, respectively. The cutoff points for 

the parameters, CRP and NLR, were adapted from the associated 

previous studies [9,10]. The combined score of CRP and NLR 

levels was established as the C-NLR score, as reported by Zhu et 

al. [11]. It is classified as C-NLR score 2; with elevated serum 

CRP and NLR levels, C-NLR score 1; with elevated serum level 

in one of them, and C-NLR score 0; with normal serum CRP and 

NLR levels. Pathological findings were also extracted from our 

institutional data. All pathological investigations were performed 

by a single experienced neuropathologist. Tumor stage was 

determined based on the 2010 TNM classification of malignant 

tumors staging system, and tumor grade was defined according 

to the Fuhrman and WHO/ISUP grading systems. 

The follow-up schedule was determined as physical 

examination, blood biochemistry, and radiologic imaging with a 

contrast-enhanced computerized abdominal tomography every 

3–6 months for 2 years and 6–12 months in years 2–5 according 

to the individual patient and tumor characteristics. The last 

survival follow-up date was June 01, 2021. Overall survival (OS) 

and metastasis-free survival (MFS) were calculated as times 

from surgery to death or last follow-up and from surgery to 

metastasis or the last follow-up in localized ccRCC patients. 

Statistical analysis  

Statistical analysis was performed with SPSS Version 

22.0 statistic software package (IBM SPSS Inc., Chicago, IL). 

Data distributions and tests of normality were evaluated with the 

Shapiro-Wilk test. Descriptive statistic methods, including mean 

(standard deviation), median (interquartile range) and 

percentages, were used to evaluate data. Two groups’ 

comparisons were performed using the independent t-test, Mann-

Whitney U test, or Chi-square test. Differences were considered 

significant at two-sided P<0.05 and 95% confidence interval. 

The serum C-NLR score was compared in patients with PT1 and 

PT2-T4 ccRCC, in patients with grade 1–2 and grade 3–4 

tumors, in patients with and without tumor necrosis in pathology, 

in patients with and without LVI, and in patients with and 

without VD. Survival analysis and curves for serum C-NLR 

score and histopathological tumor characteristics were performed 

according to the Kaplan-Meier method and compared by the log-

rank test. 

Results 

Out of 162 patients, 18 with incomplete follow-up and 

26 with missing data were excluded. Additionally, seven patients 

with the pathological diagnosis of oncocytoma and seven and 

nine patients with the pathological diagnosis of chromophobe 

and papillary RCC, respectively, were also excluded. Fifteen 

pathological N+ patients were not included in the study. 

Ultimately, a total of 80 localized ccRCC patients were 

investigated. 

The mean age and mean tumor volume were 56.76 

(11.33) years and 54.35 (28.89) mm, respectively. The mean 

serum levels of NLR and CRP were 2.35 (1.15) and 21.82 

(11.35) g/dL, respectively. The mean operative time was 180.187 

(66.43) min. The mean age, tumor volume, ischemia time (in 
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partial cases), and operative time for partial and radical 

nephrectomy cases are shown in Table 1. The median ASA score 

and Clavien-Dindo complication score were 2 (2) and 1 (1), 

respectively. The median hospital stay was 4 (3) days. On the 

pathological reports, the median pT stage and Fuhrman/WHO-

ISUP grade were 1 (2) and 2 (2), respectively. The median 

postoperative follow-up period was 48.00 (22.00) months with 4 

to 50 months intervals. Out of 80 patients, 35 (43.75%) were 

female, and 55 (56.25%) were male. Forty-seven (58.3%) 

patients had comorbidities, and 17 (21.3%) of them had multiple 

comorbid disorders. Detailed information about frequencies of 

the comorbid diseases, anatomical tumor characteristics with 

solid-cystic discrimination, applied surgical methods for 

nephrectomy, characteristics of surgical complications, and 

pathological tumor characteristics are provided in Table 2. 
 

Table 1: The mean age, tumor volume, ischemia time (in partial cases) and operative time for 

partial and radical nephrectomy cases. 
 

 Partial 

nephrectomy 

cases 

Radical  

nephrectomy  

cases 

P-value 

Age (Years), Mean(SD) 53.63 (10.94) 58.64 (11.26) 0.06* 

Tumor diameter (mm), Mean(SD) 33.40 (11.21) 66.80 (4.10) <0.001* 

Ischemia time (min.), Mean(SD) 17.53 (9.02) -  

Operative time (min.), Mean(SD) 187.50 (55.25) 165.80 (72.50) 0.44* 
 

SD: Standard deviation, * Independent t test. 
 

Table 2: Frequencies of the comorbid diseases, anatomical tumor characteristics with solid-

cystic discrimination, applied surgical methods for nephrectomy, characteristics of surgical 

complications, and pathological tumor characteristics. 
 

 n % 

Comorbidity 

DM 

HT 

CAD 

CRF 

HF 

 

26 

35 

26 

8 

1 

 

32.5 

43.8 

32.5 

10 

1.3 

Tumor laterality 

Left 

Right 

 

37 

43 

 

46.2 

53.8 

Polar tumor localization 

Superior 

Middle 

Lower 

Whole kidney 

 

25 

34 

17 

3 

 

31.2 

42.5 

21.2 

3.8 

Anterior-posterior tumor localization 

Anterior 

Posterior 

Medial 

 

30 

30 

20 

 

37.5 

37.5 

25 

Exophytic mass 64 80 

Tumor nature 

Solid 

Cystic 

Mixed 

 

53 

9 

18 

 

66.3 

11.3 

22.4 

Nephrectomy 

Partial 

Radical 

 

30 

50 

 

37.5 

62.5 

Nephrectomy 

Open 

Laparoscopic 

 

33 

47 

 

41.3 

58.7 

Complications 13 16.3 

Clavien-Dindo 

1 

2 

3 

4 

5 

 

0 

8 

4 

0 

1 

 

0 

61.5 

30.8 

0 

7.7 

Positive surgical margin  5 16.7 

Tumor necrosis 21 26.3 

Lymphovascular invasion 21 26.3 

Variant differentiation 10 12.5 

pT stage 

T1 

T2 

T3 

T4 

 

48 

13 

17 

2 

 

60 

16.2 

21.3 

2.5 

Tumor grade 

1 

2 

3 

4 

 

5 

38 

27 

10 

 

6.3 

38 

27 

10 
 

DM: Diabetes mellitus, HT: Hypertension, CAD: Coronary artery diseases, CRF: Chronic renal failure, HF: 

Heart failure. 
 

One patient died on the third postoperative day due to a 

massive pulmonary embolus. During the 50 months follow-up, 

ten patients died. OS was estimated as 64.5%. The mean OS time 

was 44.78 (1.52) months (95% CI: 41.78–47.77). Seven patients 

exhibited metastatic progression during the follow-up. Two of 

them were in regional lymph nodes, and five were in the lungs. 

The mean time of metastasis was determined as 13.57 (3.74) 

months (95% CI: 6.22–20.96), and the mean MFS time was 

46.08 (1.41) months (95% CI: 43.31–48.84). 

The serum C-NLR score exhibited significant 

differences in the ccRCCs with pathological necrosis, 

lymphovascular invasion, and variant differentiation in 

comparison to the ccRCC’s without them. On the other hand, it 

was also significantly different according to the pT stage and 

tumor grade (Table 3). Among histopathological characteristics, 

only tumor necrosis and variant differentiation were associated 

with OS and tumor grade with MFS (no metastasis detected in 

grade 1–2 tumors) in Kaplan Meier analyses (Table 4, Figures 1 

and 2). OS was 46.49 (1.45) months (95% CI: 43.63-45.35) vs. 

37.87 (3.89) months (95% CI: 30.24–45.50) for tumor necrosis - 

and + cases, respectively (P=0.03). They were 45.24 (1.70) 

months (95% CI: 42.68–47.80) vs. 29.87 (7.10) months (95% CI: 

15.95–43.79) for variant differentiation - and + cases, 

respectively (P=0.002). On the other hand, serum C-NLR score 

was also associated with overall survival but not MFS (Table 5, 

Figure 2). In the univariate analyses, tumor necrosis, variant 

differentiation, and C-NLR score were associated with OS of 

localized RCC patients who underwent nephrectomy (HR: 0.29; 

95% CI: 0.08–1.01; P=0.04, HR: 6.01; 95% CI: 1.66–21.82; 

P=0.006 and, HR: 1.21; 95% CI: 0.20–5.16; P=0.04, 

respectively). However, in the multivariate analysis, only variant 

differentiation and C-NLR score were associated with the OS of 

the patients (HR: 1.43; 95% CI: 0.82–2.98; P=0.03 and HR: 

1.21; 95% CI: 0.20–5.16; P=0.04, respectively). Tumor grade 

was directly associated with MFS because grade 1–2 tumors did 

not exhibit any metastasis. 
 

Figure 1: Overall survival Kaplan Meier graphs according to the parameters, tumor necrosis 

and variant differentiations, and metastasis free survival according to the tumor grade. 

 
 

Figure 2: Overall survival Kaplan Meier graph according to the C-NLR scores. 
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Table 3: Serum C-NLR scores according to the tumor histopathology and  

patient outcomes 
  

 pT1 pT2-T4 P-value 

C-NLR Score, Median(IQR) 0.5 (1) 0.5 (1)  0.02*  

 Grade 1-2 Grade 3-4 P-value 

C-NLR Score, Median(IQR) 0 (1) 1 (1.5) 0.03* 

 Tumor Necrosis - Tumor Necrosis + P-value 

C-NLR Score, Median(IQR) 0 (1) 1 (1) 0.001* 

 LVI - LVI+ P-value 

C-NLR Score, Median(IQR) 0 (1) 1 (1.5) 0.005* 

 VD - VD+ P-value 

C-NLR Score, Median(IQR) 1 (1) 1 (1.5) 0.01* 

 Survivors Dead P-value 

C-NLR Score, Median(IQR) 1 (1) 1 (0) 0.09* 

 Metastasis - Metastasis + P-value 

C-NLR Score, Median(IQR) 1 (1) 1 (1.5) 0.02* 
 

NLR: Neutrophil to lymphocyte ratio, IQR: Interquartile range, LVI: Lymphovascular infiltration, VDI: 

Variant differentiation, * Mann Whitney U test. 
 

Table 4: OS and MFS according to tumor histopathology. 
 

 pT1 pT2-T4 P-value 

OS, Mean(SD) 45.51 (1.86) months  

(95% CI: 40.86-48.16)  

43.64 (1.52) months  

(95% CI: 38.45-48.83)  

0.51 

 Grade 1-2 Grade 3-4 P-value 

OS, Mean(SD)  44.05 (2.16) months  

(95% CI: 39.80-48.29)  

44.02 (1.91) months  

(95% CI: 40.26-47.78)  

0.62 

 Tumor Necrosis - Tumor Necrosis + P-value 

OS, Mean(SD) 46.49 (1.45) months  

(95% CI: 43.63-45.35)  

37.87 (3.89) months  

(95% CI: 30.24-45.50)  

0.03 

 LVI - LVI+ P-value 

OS, Mean(SD) 45.77 (1.60) months  

(95% CI: 43.63-48.91)  

39.47 (3.72) months  

(95% CI: 32.17-46.78)  

0.18  

 VD - VD+ P-value 

OS, Mean(SD) 45.24 (1.70) months  

(95% CI: 42.68-47.80)  

29.87 (7.10) months  

(95% CI: 15.95-43.79)  

0.002 

 

 pT1 pT2-T4 P-value 

MFS, Mean(SD) 13.00 (0.00) months  

(95% CI: 13.00-13.00)  

13.66 (4.43) months  

(95% CI: 4.98-22.35)  

0.39 

 Grade 1-2 Grade 3-4 P-value 

MFS, Mean(SD)  -  

 - 

13.57 (3.74) months  

(95% CI: 6.22-22.91)  

 - 

 Tumor Necrosis - Tumor Necrosis + P-value 

MFS, Mean(SD) 14.50 (1.50) months  

(95% CI: 11.56-17.44)  

13.20 (5.39) months  

(95% CI: 2.62-23.78)  

0.15 

 LVI - LVI+ P-value 

MFS, Mean(SD) 13.00 (0.00) months  

(95% CI: 13.00-13.00)  

13.66 (4.43) months  

(95% CI: 4.98-22.35)  

0.39 

 VD - VD+ P-value 

MFS, Mean(SD) 10.33 (4.25) months  

(95% CI: 1.99-18.67)  

16.00 (5.95) months  

(95% CI: 4.32-27.67)  

0.26 

 

OS: Overall survival, MFS: Metastasis free survival, SD: Standard deviation, LVI: Lymphovascular 

infiltration, VDI: Variant differentiation. 
 

Table 5: OS and MFS according to the serum C-NLR scores. 
 

 CNL Score 0 CNLR Score 1 CNLR Score 2 P-value 

OS Mean(SD) 47.87 (1.30) months 

(95% CI: 45.32-50.42) 

40.68 (2.69) months 

(95% CI: 35.39-45.97) 

39.00 (5.49) months 

(95% CI: 28.23-49.76) 

0.04 

 CNL Score 0 CNLR Score 1 CNLR Score 2 P-value 

MFS Mean(SD) 16.00 (0.00) months 

(95% CI: 16.00-16.00) 

10.66 (4.48) months 

(95% CI: 1.87-19.45)  

15.66 (8.41) months  

(95% CI: 0.00-32.15)  

0.76 

 

OS: Overall survival, MFS: Metastasis free survival, SD: Standard deviation. 
 

In brief, the C-NLR score is associated with worse 

tumor histopathology, and it can predict OS as an independent 

factor. 

Discussion 

The TNM stage, reflecting tumor invasion, lymph node 

metastasis and distant metastasis, and tumor grade, is the most 

widely used system for predicting RCC prognosis [12,13]. The 

current RCC staging system is an updated version of the 

American Joint Committee on Cancer (AJCC) tumor-node-

metastasis (TNM) classification [14]. On the other hand, the 

Fuhrman and WHO/ISUP grading systems have been used to 

examine the pathological tumor grade [15]. Although TNM and 

grading systems are useful prognostic parameters, they are not 

perfect. The major component of the T staging is tumor diameter. 

However, tumor diameter could not be fully representative of 

tumor volume. Other well-known prognostic parameters about 

tumor histopathology, such as tumor necrosis, lymphovascular 

infiltration, and sarcomatoid and rhabdoid differentiations, are 

used in clinical practice. However, several studies reported that 

they were deficient [13]. Moreover, RCC is a heterogeneous 

group of tumors with some unusual clinical and pathological 

characteristics that make it difficult to predict outcomes [14]. 

In this regard, the conflicting knowledge about present 

prognostic factors has resulted in consideration of new factors in 

the literature [13].  

Today, it is well known that inflammation is involved in 

the initiation and progression of various cancers, including RCC. 

Some hematologic parameters, including lymphocytes and 

neutrophil counts, neutrophil-to-lymphocyte ratio (NLR), and 

CRP, are simple and cheap laboratory data reflecting 

inflammation and have been extensively studied in cancers 

[12,16]. A large number of studies have reported their prognostic 

value for various cancers and RCC. However, all these 

parameters indicate only one aspect of inflammation, and the 

combination of those factors in an index could more accurately 

predict prognosis than a single index [12]. For RCC, it has been 

shown that most of these measurements are statistically 

significant prognostic factors for localized and metastatic RCC 

[16-18]. The immunological status and inflammatory response in 

individual patients are thought to influence tumor growth and 

disease progression, and several studies have suggested that 

systemic inflammation measured by NLR and CRP also plays a 

key role in RCC. Moreover, systemic inflammation-related 

biomarkers CRP and NLR may provide additional prognostic 

information [8,19]. 

In the late 2010s, the combination of CRP and NLR was 

discussed, and several types of research investigated its role in 

predicting the outcomes of some cancers and diseases [11,20-

23]. To our knowledge, no study has addressed the combination 

of CRP and NLR for patients with RCC. In this regard, in the 

present study, we investigated the role of the recently developed 

C-NLR score, a novel inflammatory marker, in predicting the 

histopathological and survival outcomes of localized ccRCC 

cases. The serum C-NLR score exhibited significant differences 

with worse histopathological entities such as pathological 

necrosis, lymphovascular invasion, and variant differentiation. 

On the other hand, it was also significantly higher in the 

advanced pT stage and tumor grade. We determined the 

prognostic significance of the C-NLR score for OS and found 

that the C-NLR score provides significant OS information. In 

univariate Cox regression, the C-NLR score was associated with 

OS and remained independently associated with survival in 

multivariate analysis. Our findings are consistent with the 

literature. In 2012, Tomita et al. [23] showed that the combined 

use of preoperative NLR and CRP was an independent 

prognostic determinant for non-small cell lung cancer (NSCLC). 

Later on, similarly, Oh et al. [21] investigated its role in 

hepatocellular carcinoma (HCC). These authors found that CRP 

and NLR were utilized as prognostic indicators of HCC that 

appeared to be more evident when used in combination. They 

concluded that this is probably due to the significant synergistic 

effect of the two inflammatory markers. The predictive role of 

the combination of both parameters in soft tissue cancer was also 

reported by Nakamura et al. [20]. Recently, Zhu et al. [11] 

investigated the combination of both parameters in asthma. 

These authors concluded that since both NLR and CRP are 
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elevated in asthmatic patients, it is necessary to develop a novel 

marker – the combined score of CRP level and NLR (C-NLR 

score) – that can take full advantage of meanings of both NLR 

and CRP in asthmatic patients. The authors generated a C-NLR 

scoring system and found C-NLR, a novel inflammatory marker, 

is a promising marker to distinguish children with exacerbated 

asthma from healthy children. Similarly, Liu et al. [22] 

investigated the combined use of CRP and NLR in a newly 

generated nomogram for patients with COVID-19 and found that 

NLR and CRP are potential and reliable predictors of COVID-19 

prognosis and can triage patients at the time of admission. 

Limitations 

Our study has some limitations. A major limitation is 

the retrospective nature of the study protocol, which limits the 

efforts to address potential sources of bias and establish the 

sample size. Another is the small sample size. Therefore, we 

aimed to plan optimal inclusion and exclusion criteria. Because 

of the small sample size, our numbers of metastatic patients and 

deaths were relatively small. Therefore, the analysis of survival 

outcomes might have been affected adversely. However, we 

specifically intended to investigate the role of C-NLR score in 

patients with localized ccRCC subtype. The major strength of the 

current study is that it is the first study investigating the C-NLR 

score in predicting RCC outcomes. This work can path the way 

for further large-scale studies.  

Conclusion 

Serum C-NLR score was higher in worse 

histopathological entities that are associated with mortality and 

morbidity, such as pathological necrosis, lymphovascular 

invasion, and variant differentiation. Moreover, it predicts the 

OS for patients with localized ccRCC as an independent factor. 

In our opinion, this is a promising finding for the management of 

ccRCC. With future confirmatory results, the C-NLR score may 

be used in routine clinical practice and become a practical guide 

for urologists in the management of the localized ccRCC. 

References 

1. Hsieh JJ, Purdue MP, Signoretti S, Swanton C, Albiges L, Schmidinger M, et al. Renal cell 

carcinoma. Nat Rev Dis Primers. 2017 Mar 9;3:17009. doi: 10.1038/nrdp.2017.9. 

2. Muglia VF, Prando A. Renal cell carcinoma: histological classification and correlation with imaging 

findings. Radiol Bras. 2015 May-Jun;48(3):166-74. doi: 10.1590/0100-3984.2013.1927. 

3. Li X, Turanli B, Juszczak K, Kim W, Arif M, Sato Y, et al. Classification of clear cell renal cell 

carcinoma based on PKM alternative splicing. Heliyon. 2020 Feb;6(2):e03440. doi: 

10.1016/j.heliyon.2020.e03440 

4. Andreiana BC, Stepan AE, Margaritescu C, Al Khatib AM, Florescu MM, Ciurea RN, et al. 

Histopathological Prognostic Factors in Clear Cell Renal Cell Carcinoma. Curr Health Sci J. 2018 

Jul-Sep;44(3):201–5. doi: 10.12865/CHSJ.44.03.01  

5. Prokopowicz G, Zyczkowski M, Nowakowski K, Bogacki R, Bryniarski P, Paradysz A. Basic 

Parameters of Blood Count as Prognostic Factors for Renal Cell Carcinoma. Biomed Res Int. 2016 

Dec;2016:8687575. doi: 10.1155/2016/8687575 

6. Ma C, Liu Q, Li C, Cheng J, Liu D, Yang Z, et al. Novel Blood Indicators of Progression and 

Prognosis in Renal Cell Carcinoma: Red Cell Distribution Width-to-Lymphocyte Ratio and Albumin-

to-Fibrinogen Ratio. J Oncol. 2020 Nov;2020:2895150. doi: 10.1155/2020/2895150 

7. Shen J, Chen Z, Zhuang Q, Fan M, Ding T, Lu H, et al. Prognostic Value of Serum Lactate 

Dehydrogenase in Renal Cell Carcinoma: A Systematic Review and Meta-Analysis. PloS one. 

2016;11(11):e0166482. doi: 10.1371/journal.pone.0166482  

8. Shao Y, Wu B, Jia W, Zhang Z, Chen Q, Wang D. Prognostic value of pretreatment neutrophil-to-

lymphocyte ratio in renal cell carcinoma: a systematic review and meta-analysis. BMC Urol. 2020 Jul 

6;20(1):90. doi: 10.1186/s12894-020-00665-8.  

9. Arda E, Yuksel I, Cakiroglu B, Akdeniz E, Cilesiz N. Valuation of Neutrophil/Lymphocyte Ratio in 

Renal Cell Carcinoma Grading and Progression. Cureus. 2018 Jan;10(1):e2051. doi: 

10.7759/cureus.2051  

10. Steffens S, Kohler A, Rudolph R, Eggers H, Seidel C, Janssen M, et al. Validation of CRP as 

prognostic marker for renal cell carcinoma in a large series of patients. BMC cancer. 2012 Sep 

8;12:399. doi: 10.1186/1471-2407-12-399. 

11. Zhu X, Zhou L, Li Q, Pan R, Zhang J, Cui Y. Combined score of C-reactive protein level and 

neutrophil-to-lymphocyte ratio: A novel marker in distinguishing children with exacerbated asthma. 

Int J Immunopathol Pharmacol. 2021 Jan-Dec;35:20587384211040641. doi: 

10.1177/20587384211040641.  

12. Peng D, Zhang CJ, Tang Q, Zhang L, Yang KW, Yu XT, et al. Prognostic significance of the 

combination of preoperative hemoglobin and albumin levels and lymphocyte and platelet counts 

(HALP) in patients with renal cell carcinoma after nephrectomy. BMC Urol. 2018 Mar 15;18(1):20. 

doi: 10.1186/s12894-018-0333-8. 

13. Chen SH, Xu LY, Wu YP, Ke ZB, Huang P, Lin F, et al. Tumor volume: a new prognostic factor of 

oncological outcome of localized clear cell renal cell carcinoma. BMC Cancer. 2021 Jan;21(1):79. 

doi: 10.1186/s12885-021-07795-8 

14. Williamson SR, Taneja K, Cheng L. Renal cell carcinoma staging: pitfalls, challenges, and updates. 

Histopathology. 2019 Jan;74(1):18-30. doi: 10.1111/his.13743. 

15. Delahunt B, Eble JN, Egevad L, Samaratunga H. Grading of renal cell carcinoma. Histopathology. 

2019 Jan;74(1):4-17. doi: 10.1111/his.13735.  

16. de Souza P, Chua W, Clarke S, Goldstein D, Lee C. Inflammatory Markers Have a Role in Renal Cell 

Carcinoma Prognosis. Eur Urol Focus. 2016 Oct;2(4):341-2. doi: 10.1016/j.euf.2016.04.007. Epub 

2016 May 9.  

17. Mountzias A, Hultdin J, Hlodan J, Kroger Dahlin BI, Johansson M, Ljungberg B. Inflammatory 

response markers and survival prediction in patients with renal cell carcinoma. Scand J Urol. 2022 

Feb;56(1):47-52. doi: 10.1080/21681805.2021.1983016 

18. Pastore AL, Palleschi G, Silvestri L, Moschese D, Ricci S, Petrozza V, et al. Serum and urine 

biomarkers for human renal cell carcinoma. Dis Markers. 2015 Apr;2015:251403. doi: 

10.1155/2015/251403 

19. Zhou L, Cai X, Liu Q, Jian ZY, Li H, Wang KJ. Prognostic Role of C-Reactive Protein In Urological 

Cancers: A Meta-Analysis. Sci Rep. 2015 Aug;5:12733. doi: 10.1038/srep12733 

20. Nakamura T, Matsumine A, Matsubara T, Asanuma K, Uchida A, Sudo A. The combined use of the 

neutrophil-lymphocyte ratio and C-reactive protein level as prognostic predictors in adult patients 

with soft tissue sarcoma. J Surg Oncol. 2013 Dec;108(7):481-5. doi: 10.1002/jso.23424 

21. Oh BS, Jang JW, Kwon JH, You CR, Chung KW, Kay CS, et al. Prognostic value of C-reactive 

protein and neutrophil-to-lymphocyte ratio in patients with hepatocellular carcinoma. BMC Cancer. 

2013 Feb 15;13:78. doi: 10.1186/1471-2407-13-78 

22. Liu YP, Li GM, He J, Liu Y, Li M, Zhang R, et al. Combined use of the neutrophil-to-lymphocyte 

ratio and CRP to predict 7-day disease severity in 84 hospitalized patients with COVID-19 

pneumonia: a retrospective cohort study. Ann Transl Med. 2020 May;8(10):635. doi: 10.21037/atm-

20-2372 

23. Tomita M, Shimizu T, Ayabe T, Nakamura K, Onitsuka T. Elevated preoperative inflammatory 

markers based on neutrophil-to-lymphocyte ratio and C-reactive protein predict poor survival in 

resected non-small cell lung cancer. Anticancer Res. 2012 Aug;32(8):3535-8. 
 

The National Library of Medicine (NLM) citation style guide has been used in this paper. 


