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Introduction

Renal cell carcinoma (RCC) is the seventh most common 
cancer globally. The incidence and mortality of RCC are 
constantly growing worldwide (1). Clear cell renal cell 
carcinoma (CCRCC) is the most common pathological 
subtype of RCC, accounting for more than 70% of all RCC 
cases (2). Although new treatments for RCC are emerging, 
such as immunotherapy (3), anti-angiogenesis (4) and HIF2 
inhibitor (5), surgical treatment still plays an important role (6).  

Therefore, preoperative laboratory indicators are crucial for 
surgical prognosis, which means a lot to both surgeons and 
patients. Although many indicators such as tumor-node-
metastasis (TNM) stage (7), Fuhrman grade (8), C-reactive 
protein to albumin ratio (9), albumin to globulin ratio (10), 
pretreatment neutrophil-to-lymphocyte ratio (11) and 
positive surgical parenchymal margin (12) have been used 
to evaluate the risks, it is still necessary to identify simple 
biomarkers to predict the prognosis in clinical practice.
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Lipid metabolism disorders which have been described 
in previous study are common in cancer (13). Many studies 
have found the connection between serum lipids and various 
carcinoma, such as esophageal squamous cell carcinoma (14),  
small cell lung cancer (15) and gastric cancer (16,17). Jung 
et al. (18) found that patients with a high level of bad lipids 
[low-density-lipoprotein-cholesterol (LDL-C)] and low 
level of good lipid [high-density-lipoprotein-cholesterol 
(HDL-C)] generally demonstrated a good prognosis for 
breast cancer recurrence, suggesting LDL-C may also 
be correlated with the prognosis of other tumors. Riscal  
et al. (19) later discovered that elevated circulating HDL-C 
level was significantly associated with the risk of CCRCC. 
Coincidentally, the association between serum LDL-C 
and the outcome of CCRCC have not yet been assessed. 
This study is aiming to figure out the potential role of 
the LDL-C on overall survival (OS) and cancer-specific 
survival (CSS) in CCRCC patients after surgical resections. 
The application of propensity score matching analysis 
(PSM) aimed to improve statistical reliability and further 
confirm the latent prognostic value of LDL-C. We present 
this article in accordance with the REMARK reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2705/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Changzhou No.1 People’s Hospital Medical 
Ethics Committee (2013 No. 14) and informed consent was 
obtained from all the patients.

Patients

The data of 414 patients with CCRCC that underwent 

surgical treatment in The Third Affiliated Hospital of 
Soochow University from 2003 to 2012 were collected in 
this study. The inclusion criteria were: (I) patients with 
radical nephrectomy; (II) CCRCC was histopathologically 
diagnosed; (III) patients without cancer history; (IV) 
patients without preoperative neoadjuvant therapy; and 
(V) preoperative laboratory tests were acquired before 
treatment. After the exclusion of 106 patients, the remaining 
308 patients were eventually enrolled in the analysis.

Data collection

The necessary clinical data of each patient in this study 
included gender, age at surgery, Fuhrman grade, TNM 
stage, tumor size and tumor necrosis, lymphovascular 
invasion (LVI), and lactate dehydrogenase (LDH) and 
alkaline phosphatase (AKP). The required laboratory 
indicators were collected prior to the operation.

Follow-up assessment

Review of the medical records and telephone interviews 
were involved in follow-up assessment. OS defined as 
the interval between the date of the resection and the 
last follow-up or death was the primary endpoint. CSS 
calculated from the date of the resection was the secondary 
endpoint. If the patients were locally advanced CCRCC, 
they would undergo physical examinations and laboratory 
tests every 6 months in the first 3 years, then annually 
thereafter. If the patients were locally CCRCC, they would 
perform laboratory tests and physical examinations twice in 
the first year and annually thereafter.

Statistical analysis

The Kaplan-Meier method were used to establish the 
survival curves, and the optimal cutoff point which allowed 
the predictive outcome with the best specificity and 
sensitivity was decided by receiver-operating characteristics 
(ROC) analysis. Continuous variables were divided into 
different groups owing to the optimal cutoff value. The 
χ2 test was performed to detect differences between the 
groups. The Cox proportional hazards model was used 
for univariate analysis and multivariate analysis. A P value 
<0.05 was considered statistically significant in all statistical 
tests. All statistical analysis were performed with SPSS 22.0 
software (IBM Corporation, Armonk, NY, USA). Aiming to 
control the differences between the two different LDL-C 
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groups, a 1:1 propensity score matching was performed. 
Covariates, such as age, sex, tumor size, Fuhrman grade, 
tumor stage, lymph node stage, lymphovascular invasion, 
the presence of Tumor necrosis and AKP levels were 
included in matching. All of the covariates’ absolute 
standardized mean difference was less than 0.1, arriving at a 
good balance.

Results

Patient characteristics

After the eligibility review, 308 patients with CCRCC 
who underwent radical nephrectomy were enrolled in the 
present study. Figure 1 shows the screening process and 
detailed information. The clinicopathologic information 
of the 308 included patients is presented in Table 1. Of the 
patients, 193 were male and 115 were female; 128 were 
older than 60 years old, and 180 were younger; the median 
follow-up time was 60 months (range, 1–149 months); by 
the last follow-up date, 40 patients had died, and 268 were 
alive. On the basis of ROC analysis, 2.315 mmol/L acted as 
the cut-off value for LDL-C (Figure 2). The cut-off value 
for alkaline phosphatase (AKP) and lactate dehydrogenase 
(LDH) was 125 U/L and 245 U/L respectively.

Relationship between the LDL-C levels and other clinical 
characteristics

Table 1 shows the connection between LDL-C levels and 

clinicopathological characteristics of the enrolled patients. 
The higher LDL-C level was not significantly associated 
with the clinicopathological indicators, including age, sex, 
tumor size, Fuhrman grade, tumor stage, lymph node stage, 
lymphovascular invasion, the presence of Tumor necrosis 
and AKP levels (Table 1). The differences that existed in 
clinicopathological characteristics between low LDL-C 
group and high LDL-C group were well balanced depending 
on the PSM analysis. The results after PSM analysis were 
the same as those before PSM analysis. The LDH groups 
after PSM analysis were all larger than 245 U/L, so the LDH 
groups after PSM analysis were not discussed.

Prognostic value of LDL-C and clinical characteristics for 
OS before and after PSM analysis

Table 2 illustrates that a higher LDL-C level is significantly 
associated with a better OS [hazard ratio (HR) 2.843; 95% 
confidence interval (CI): 1.463, 5.525; P=0.002; Table 2).  
The Kaplan-Meier survival analysis demonstrated that 
patients who had a high LDL level had a better OS 
(P<0.001) (Figure 3). On the basis of univariate analysis, 
Table 2 also shows that other clinicopathological factors, 
such as an order age than 60 years old (P=0.001), a higher 
pathological T stage (P<0.001), an advanced lymph node 
stage (P<0.001), a larger tumor size (P<0.001), a higher 
Fuhrman grade (P<0.001), the presence of lymphovascular 
invasion (P<0.001), a high LDH level (>245 U/L) 
(P=0.025), and a high AKP level (>130 U/L) (P<0.001), 

414 patients with CCRCC

378 patients with CCRCC remained

308 patients with CCRCC were included for the study

36 patients excluded due to concomitant disease

70 patients were excluded:
•	 25 patients received neoadjuvant therapy
•	 23 patients lack of information of LDL-C
•	 22 patients loss of follow up

Figure 1 Flow diagram of the study selection process. LDL-C, low-density-lipoprotein-cholesterol; CCRCC, clear cell renal cell carcinoma.
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Table 1 Correlation of LDL-C with the clinicopathological characteristics of CCRCC patients

Variables

Pre-PSM, n (%) Post-PSM, n (%)

LDL-C ≤2.315 mmol/L 
(n=142)

LDL-C >2.315 mmol/L 
(n=166)

P value
LDL-C ≤2.315 mmol/L 

(n=124)
LDL-C >2.315 mmol/L 

(n=124)
P value

Age (years) 0.645 0.897

≤60 85 (59.9) 95 (57.2) 73 (58.9) 74 (59.7)

>60 57 (40.1) 71 (42.8) 51 (41.1) 50 (40.3)

Sex 0.723 0.538

Male 87 (61.3) 106 (63.9) 75 (60.5) 74 (59.7)

Female 55 (38.7) 60 (36.1) 49 (39.5) 50 (40.3)

Tumor size (cm)# 0.905 0.791

≤5 89 (63.1) 106 (64.2) 81 (65.3) 78 (62.9)

>5 52 (36.9) 59 (35.8) 43 (34.7) 46 (37.1)

T stage 0.701 0.806

T1 114 (80.3) 138 (83.1) 103 (83.1) 101 (81.5)

T2 15 (10.6) 17 (10.2) 11 (8.9) 14 (11.3)

T3 13 (9.2) 11 (6.6) 10 (8.1) 9 (7.3)

N stage 1.000 0.734

N0 137 (96.5) 161 (97.0) 120 (96.8) 119 (96.0)

N1 5 (3.5) 5 (3.0) 4 (3.2) 5 (4.0)

Fuhrman grade 0.416 0.841

1 24 (17.4) 40 (25.0) 21 (16.9) 19 (15.3)

2 77 (55.8) 77 (48.1) 72 (58.1) 68 (54.8)

3 29 (21.0) 34 (21.3) 26 (21.0) 30 (24.2)

4 8 (5.8) 9 (5.6) 5 (4.0) 7 (5.6)

LVI 0.629 0.571

Absent 135 (95.1) 155 (93.4) 119 (96.0) 116 (93.5)

Present 7 (4.9) 11 (6.6) 5 (4.0) 8 (6.5)

Tumor necrosis 0.072 0.811

Absent 125 (88.0) 156 (94.0) 114 (91.9) 115 (92.7)

Present 17 (12.0) 10 (6.0) 10 (8.1) 9 (7.3)

AKP (U/L) 0.180 0.701

≤130 132 (93.6) 160 (97.0) 121 (97.6) 120 (96.8)

>130 9 (6.4) 5 (3.0) 3 (2.4) 4 (3.2)

LDH (U/L) 0.185

≤245 137 (97.2) 164 (99.4) – –

>245 4 (2.8) 1 (0.6) – –

On the basis of the Table 1, the clinicopathological indicators, such as age, sex, tumor size, Fuhrman grade, tumor stage, lymph node 
stage, lymphovascular invasion, the presence of tumor necrosis, LDH and AKP levels, were not significantly associated with the higher 
LDL-C level before PSM analysis. It remains the same after PSM analysis. #, tumor size was defined as the largest diameter of the tumor 
mass. T, tumor; N, node; LVI, lymphovascular invasion; LDL-C, low-density-lipoprotein-cholesterol; CCRCC, clear cell renal cell carcinoma; 
LDH, lactate dehydrogenase; AKP, alkaline phosphatase; PSM, propensity score matching.
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are significantly associated with poor OS. On the basis 
of multivariate analysis, the level of LDL-C was found 
to exist as an independent prognostic factor in patients 
who suffered from CCRCC (HR 4.315; 95% CI: 1.962, 
9.489; P<0.001; Table 2). Moreover, age was found to be 
of significant associations with OS. After PSM analysis, 
LDL-C remained associated with better OS on univariate 
analysis with HR 2.292, 95% CI: 1.102, 4.767; P=0.026; 
Table 3). The same held true for Kaplan-Meier survival 
analysis (P=0.022; Figure 4). While in multivariate analysis, 
a higher pathological T stage (P=0.016) was also strongly 
associated with OS, which was different from previous 
suggestions. In addition, lower age (P=0.003) and higher 
LDL-C (HR 3.545; 95% CI: 1.603, 7.837; P=0.002; Table 3) 
also predicted better OS.

Prognostic value of LDL-C and clinical characteristics for 
CSS before and after PSM analysis

Regarding CSS, univariate analysis before PSM analysis 
illustrated that a high LDL-C level was significantly 
associated with a better CSS (HR 3.649; 95% CI: 1.756, 
7.585; P=0.001; Table 4). The Kaplan-Meier survival analysis 
before PSM analysis indicated that an increased LDL 
level had a better CSS in patients enrolled in this study 
(P<0.001) (Figure 5). On the basis of univariate analysis, 
clinicopathological factors, such as an order age than  
60 years old (P=0.004), a higher lymph node stage (P<0.001), 

a higher pathological T stage (P<0.001), the presence of 
tumor necrosis (P<0.001), a larger tumor size (P<0.001), 
a high AKP level (>130 U/L) (P<0.001), the presence of 
lymphovascular invasion (P<0.001) and a high LDH level 
(>245 U/L) (P=0.010), were connected with worse CSS. On 
the basis of multivariate analysis, an increased LDL-C level 
was found to be of significant association with increased 
CSS (HR 5.766; 95% CI: 2.370, 14.030; P<0.001; Table 4).  
In addition, age, T stage, N stage and the presence of 
lymphovascular invasion were independent risk factors for 
CSS (Table 4). Compared with the univariate analysis before 
PSM analysis, the univariate analysis after PSM analysis 
indicated that a younger age (P=0.019; Table 5), a lower 
lymph node stage (P<0.001; Table 5), a lower pathological 
T stage (P<0.001; Table 5), the presence of tumor necrosis 
(P=0.019; Table 5), a smaller tumor size (P<0.001; Table 5), 
a lower AKP level (≤130 U/L) (P<0.001; Table 5) and the 
absence of lymphovascular invasion (P<0.001; Table 5), were 
related to better CSS. What was expressed by the Kaplan-
Meier survival analysis before and after PSM analysis was 
consistent, indicating that a depressed LDL-C level had a 
worse CSS in CCRCC patients (P=0.005; Figure 6). During 
the multivariate analysis after PSM analysis, except the 
lymphovascular invasion, other indicators associated with 
CSS were found to be still valid, such as age (P=0.008;  
Table 5), T stage (P=0.009; Table 5), lymph node stage 
(P=0.014; Table 5).

Discussion

Recent study shows that the role of lipids among the 
development of tumor has been a center of interest. 
However, the roles of various lipids in different tumor 
types are often contradictory (20). An association between 
blood cholesterol levels and the risk of different cancers 
that includes colorectal (21), lung (22), prostate (23-25), 
breast (26), pancreatic (27), endometrial (28) and gastric (17)  
cancer has been shown by previous studies, and this 
connection would change as per the different types of 
cancer. Nowadays, traditional clinicopathological prognostic 
variables and pathological factors are still the basis of the 
prognostic evaluation of CCRCC (29) even though the 
progress has already been made in the epigenetic changes 
and genetic identification (30). Hence, the need to figure out 
a simple biomarker that could predict the early diagnosis and 
prognosis of CCRCC is very crucial for not only clinicians 
but also patients and their family.

On the basis of the cut-off value of serum LDL-C before 

Figure 2 According to the ROC analysis, the cut-off value 
for LDL-C was 2.315 mmol/L. ROC, receiver-operating 
characteristics; LDL-C, low-density-lipoprotein-cholesterol.
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Table 2 Univariate and multivariate Cox proportional analysis with 
overall survival before PSM analysis

Variable
Univariate analysis Multivariate analysis

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

Age (years) 0.001* 0.003*

>60 vs. ≤60 2.82  
(1.46, 5.42)

3.436  
(1.539, 7.674)

Sex 0.109

Male vs. 
female

1.80  
(0.88, 3.67)

Tumor size (cm)# <0.001* 0.240

≤5 Reference Reference

>5 4.99  
(2.48, 10.06)

2.027  
(0.794, 5.171)

T stage <0.001* 0.296

1 Reference Reference

2 4.67  
(2.06, 10.59)

<0.001* 1.944  
(0.714, 5.293)

0.193

3 18.53  
(9.05, 37.94)

<0.001* 4.722  
(1.641, 13.593)

0.004*

N stage <0.001* 0.009*

1 vs. 0 7.84  
(3.26, 18.90)

5.771  
(1.535, 21.699)

Fuhrman grade <0.001* 0.262

1 Reference Reference

2 6.37  
(0.84, 48.09)

0.073 5.935  
(0.765, 46.065)

3 12.66  
(1.65, 97.15)

0.015* 7.651  
(0.901, 64.967)

4 16.70  
(4.42, 283.20)

0.001* 3.533  
(0.364, 34.252)

LVI <0.001* 0.073

Absent Reference Reference Reference

Present 7.64  
(3.60, 16.20)

2.974  
(0.904, 9.789)

LDL-C (mmol/L) 0.002* <0.001*

≤2.315 vs. 
>2.315

2.843  
(1.463, 5.525)

4.315  
(1.962, 9.489)

LDH (U/L) 0.025* 0.628

>245 vs. ≤245 3.87  
(1.18, 12.68)

1.519  
(0.281, 8.222)

Table 2 (continued)

Figure 3 On the basis of the Kaplan-Meier survival analysis, 
we could calculate those patients with a high LDL-C level that 
higher than 2.315 mmol/L had better OS. PSM, propensity score 
matching; LDL-C, low-density-lipoprotein-cholesterol; OS, 
overall survival. 

Table 2 (continued)

Variable
Univariate analysis Multivariate analysis

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

AKP (U/L) <0.001* 0.426

>130 vs. ≤130 10.28  
(4.23, 24.99)

1.556  
(0.524, 4.619)

The variables (age, sex, tumor size, TNM stage, Fuhrman grade, 
LVI, LDL-C) were tested in a multivariate analysis. The univariate 
analysis of Table 2 indicated that a higher LDL-C level was 
significantly associated with a better OS (HR 2.843; 95% CI: 
1.463, 5.525; P=0.002). While the multivariate analysis of Table 
2 illustrated that except age, only the LDL-C level existed as an 
independent prognostic factor in patients with CCRCC. *, the 
difference was statistically significant; #, tumor size was defined 
as the largest diameter of the tumor mass. PSM, propensity 
score matching; LDL-C, low-density-lipoprotein-cholesterol; 
OS, overall survival; HR, hazard ratio; CI, confidence interval; 
T, tumor; N, node; M, metastasis; LDH, lactate dehydrogenase; 
AKP, alkaline phosphatase; CCRCC, clear cell renal cell 
carcinoma. 

operation, not only the univariate analysis but also the 
multivariate analysis showed that the high serum LDL-C 
was associated with better OS. In this way, a conclusion that 
high serum LDL-C levels may exist as a favorable predictor 
for CSS in patients with CCRCC was made. In some other 
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Table 3 Univariate and multivariate Cox proportional analysis with 
overall survival after PSM analysis

Variable
Univariate analysis Multivariate analysis

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

Age (years) 0.009* 0.003*

>60 vs. ≤60 2.614  
(1.267, 5.391)

3.601  
(1.528, 8.483)

Sex 0.199

Male vs. 
female

1.657  
(0.767, 3.584)

Tumor size 
(cm)#

<0.001* 0.129

≤5 Reference Reference

>5 4.353  
(2.054, 9.226)

2.103  
(0.807, 5.488)

T stage <0.001* 0.016*

1 Reference Reference

2 3.106  
(1.234, 8.094)

0.016* 2.080  
(0.705, 6.137)

0.185

3 11.159  
(5.006, 24.877)

<0.001* 5.145  
(1.652, 16.025)

0.005*

N stage <0.001* 0.014*

1 vs. 0 7.138  
(2.707, 18.824)

5.794  
(1.418, 23.671)

Fuhrman  
grade

0.014* 0.334

1 Reference Reference

2 3.963  
(0.523, 30.056)

0.183 5.229  
(0.663, 41.256)

0.117

3 6.943  
(0.892, 54.058)

0. 064 5.647  
(0.665, 48.433)

0.113

4 15.764  
(1.839, 135.148)

0.012* 2.561  
(0.244, 26.845)

0.433

LVI <0.001* 0.298

Absent Reference Reference

Present 8.540  
(3.645, 20.010)

2.135  
(0.512, 8.897)

LDL-C  
(mmol/L)

0.026* 0.002*

≤2.315 vs. 
>2.315

2.292  
(1.102, 4.767)

3.545  
(1.603, 7.837)

Table 3 (continued)

Table 3 (continued)

Variable
Univariate analysis Multivariate analysis

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

AKP (U/L) <0.001* 0.201

>130 vs. 
≤130

7.874  
(2.677, 23.158)

2.548  
(0.608, 10.675)

The variables (age, sex, tumor size, TNM stage, Fuhrman grade, 
LVI, LDL-C) were tested in a multivariate analysis. The univariate 
analysis of Table 3 indicated that a higher LDL-C level was 
significantly related to a better OS (HR 2.292; 95% CI: 1.102, 
4.767; P=0.026). The multivariate analysis of Table 3 illustrated 
that except age and T stage, the LDL-C level still existed as an 
independent prognostic factor in patients with CCRCC. *, the 
difference was statistically significant; #, tumor size was defined 
as the largest diameter of the tumor mass. PSM, propensity 
score matching; LDL-C, low-density-lipoprotein-cholesterol; 
OS, overall survival; HR, hazard ratio; CI, confidence interval; T, 
tumor; N, node; M, metastasis; LVI, lymphovascular invasion; 
AKP, alkaline phosphatase; CCRCC, clear cell renal cell 
carcinoma. 

Figure 4 After PSM analysis, higher LDL-C resulted in better 
OS, which was also true for Kaplan-Meier survival analysis. PSM, 
propensity score matching; LDL-C, low-density-lipoprotein-
cholesterol; OS, overall survival.
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studies, the conclusions were consistent with that of this 
current study in which a high serum LDL-C may function 
as a favorable predictor in the corresponding cancers, such 
as non-esophageal squamous cell carcinoma (31), squamous 
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Table 4 Univariate and multivariate Cox proportional analysis with 
cancer-specific survival before PSM analysis

Variable
Univariate analysis Multivariate analysis

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

Age (years) 0.004* 0.006*

>60 vs. ≤60 2.73  
(1.38, 5.39)

3.299  
(1.404, 7.754)

Sex 0.223

Male vs. 
female 

1.55  
(0.82, 2.95)

T stage <0.001* 0.009*

1 Reference Reference

2 6.35  
(2.67, 15.07)

<0.001* 2.173  
(0.764, 6.174)

0.145

3 23.27  
(10.80, 50.17)

<0.001* 5.565  
(1.850, 16.737)

0.002*

N stage <0.001* 0.009*

1 vs. 0 7.84  
(3.26, 18.90)

5.632  
(1.542, 20.574)

Tumor size#, cm <0.001* 0.173

≤5 Reference Reference

>5 6.37  
(2.89, 14.02)

2.338  
(0.841, 6.500)

Tumor necrosis <0.001* 0.251

Present vs. 
absent

4.71  
(2.32, 9.60)

1.710  
(0.684, 4.279)

Fuhrman grade <0.001* 0.419

1 Reference Reference

2 5.95  
(0.78, 45.27)

0.085 4.828  
(0.621, 37.550)

3 11.96  
(1.54, 92.64)

0.018* 5.176  
(0.587, 45.611)

4 36.76  
(4.60, 293.98)

0.001* 2.903  
(0.304, 27.752)

LVI <0.001* 0.037*

Absent Reference Reference

Present 8.36  
(3.90, 17.92)

3.684  
(1.084, 112.524)

LDL-C (mmol/L) 0.001* <0.001*

≤2.315 vs. 
>2.315

3.649  
(1.756, 7.585)

5.766  
(2.370, 14.030)

Table 4 (continued)

Table 4 (continued)

Variable
Univariate analysis Multivariate analysis

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

LDH (U/L) 0.010* 1.306

>245 vs. 
≤245

4.72  
(1.44, 15.43)

1.306  
(0.238, 7.171)

AKP (U/L) <0.001* 0.670

>130 vs. 
≤130

10.28  
(4.23, 24.99)

1.267  
(0.427, 3.760)

The variables (age, sex, tumor size, Fuhrman grade, LDL-C) 
were tested in a multivariate analysis. The univariate analysis 
of Table 4 illustrated that a high LDL-C level was significantly 
associated with a better CSS (HR 3.649; 95% CI: 1.756, 7.585; 
P=0.001), which was contrast with an order age than 60 years 
(P=0.004), a higher lymph node stage (P<0.001), a higher 
pathological T stage (P<0.001), the presence of tumor necrosis 
(P<0.001), a larger tumor size (P<0.001), a high AKP level 
(>130 U/L) (P<0.001), the presence of lymphovascular invasion 
(P<0.001) and a high LDH level (>245 U/L) (P=0.010). Through 
the multivariate analysis, we found a significant association of 
increased LDL-C level with increased CSS. *, the difference was 
statistically significant; #, tumor size was defined as the largest 
diameter of the tumor mass. PSM, propensity score matching; 
LDL-C, low-density-lipoprotein-cholesterol; CSS, cancer-
specific survival; HR, hazard ratio; CI, confidence interval; T, 
tumor; N, node; M, metastasis; LVI, lymphovascular invasion; 
AKP, alkaline phosphatase; LDH, lactate dehydrogenase.

Figure 5 Before PSM analysis, the CSS of patients with LDL-C 
>2.315 mmol/L was significantly higher than that of the other 
group. PSM, propensity score matching; CSS, cancer-specific 
survival; LDL-C, low-density-lipoprotein-cholesterol. 
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Table 5 Univariate and multivariate Cox proportional analysis with 
cancer-specific survival after PSM analysis

Variable
Univariate analysis Multivariate analysis

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

Age (years) 0.019* 0.008*

>60 vs. ≤60 2.486  
(1.164, 5.310)

3.494  
(1.381, 8.840)

Sex 0.221

Male vs. 
female

1.668  
(0.735, 3.788)

T stage <0.001* 0.009*

1 Reference Reference

2 4.375  
(1.641, 11.665)

0.003* 2.119  
(0.670, 6.700)

0.201

3 13.814  
(5.924, 32.214)

<0.001* 6.328  
(1.908, 20.988)

0.003*

N stage <0.001* 0.014*

1 vs. 0 7.138  
(2.707, 18.824)

5.442  
(1.407, 21.046)

Tumor size#, cm <0.001* 0.173

≤5 Reference Reference

>5 5.665  
(2.407, 13.331)

2.338  
(0.841, 6.500)

Tumor necrosis 0.019* 0.106

Present vs. 
absent

2.968  
(1.199, 7.342)

2.359  
(0.834, 6.670)

Fuhrman grade 0.010* 0.367

1 Reference Reference

2 3.727  
(0.487, 28.492)

0.205 5.004  
(0.613, 40.866)

0.133

3 6.507  
(0.824, 51.373)

0.076 4.117  
(0.446, 37.994)

0.212

4 16.760  
(1.957, 143.523)

0.010* 2.170  
(0.217, 21.738)

0.510

LVI <0.001* 0.265

Present Reference Reference

Absent 9.811  
(4.124, 23.343)

2.342  
(0.524, 10.470)

LDL-C (mmol/L) 0.007* 0.001*

>2.315 vs. 
≤2.315

3.074  
(1.350, 6.998)

4.720  
(1.901, 11.720)

Table 5 (continued)

Table 5 (continued)

Variable
Univariate analysis Multivariate analysis

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

AKP (U/L) <0.001* 0.218

>130 vs. 
≤130

7.874 (2.677, 
23.158)

2.561 (0.573, 
11.438)

The variables (age, sex, tumor size, Fuhrman grade, LDL-C) 
were tested in a multivariate analysis. The univariate analysis 
of Table 5 showed that a low LDL-C level was significantly 
associated with a worse CSS (HR 3.074; 95% CI: 1.350, 
6.998; P=0.007). Through the multivariate analysis, LDL-C level 
remained to be an important index of CCRCC prognosis. *, the 
difference was statistically significant; #, tumor size was defined 
as the largest diameter of the tumor mass. PSM, propensity 
score matching; LDL-C, low-density-lipoprotein-cholesterol; 
CSS, cancer-specific survival; HR, hazard ratio; CI, confidence 
interval; T, tumor; N, node; M, metastasis; LVI, lymphovascular 
invasion; AKP, alkaline phosphatase.

Figure 6 After PSM analysis, the CSS of the higher LDL-C 
group of patients was still higher than that of the group with lower 
LDL-C. PSM, propensity score matching; CSS, cancer-specific 
survival; LDL-C, low-density-lipoprotein-cholesterol.
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cell carcinoma of the head and neck (32) and peripheral 
T-cell lymphoma (33).

Therefore, the mechanisms behind the role that LDL-C 
plays in the progress of tumors remain indistinct, because 
the influences of LDL-C on different tumors may be 
different as per the receptors expressed by the tumors. First, 
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although the conclusions are debatable, there have been 
several studies on the protective effects of statins among 
patients with RCC (34-36). Therefore, considering the 
effect of statins on blood lipids, the patients included in 
the study were based on their specific past medical history 
and medication history. The patients included were not 
only non-statins taken before surgery, but also did not take 
statins during postoperative follow-up. As a result, the effect 
of statins was able to be ruled out in the study, making the 
findings more reliable. Besides, the LDL-C level analyzed 
in the current study was preoperative level, therefore, the 
group of patients with dyslipidemia may have already taken 
statins during the recovery period, which helped with a 
good prognosis. In this case, the prognostic effect of using 
statins after CCRCC surgery would affect the results. 
Second, the results can be explained from a nutritional point 
of view. The amount of food intake and the dietary pattern 
can influence the lipid level to some degree. A study has 
shown that a great reduction in total cholesterol (TC) and 
LDL-C resulted from a low-fat diet and that would affect 
HDL-C and triglyceride (TG) levels (37). Another study 
indicates that a high-fat diet promotes tumor growth (19).  
In other words, nutritional status could be indirectly 
indicated by the serum lipid profile and have connections 
with tumor growth. Like statins, the indicators used in the 
study were preoperative indicators, and whether patients 
had significant weight changes after surgery was difficult to 
be found in the study. As obesity is a prognostic indicator 
of renal tumors, once the nutritional status of patients 
changes, the results would be affected (38). There are other 
possible mechanisms for this result explanation. Tumor 
growth, duplication, invasion and metastatic development 
are directly stimulated by angiogenesis. CCRCC belongs 
to the angiogenesis-dependent tumor. And Ozdemir 
et al. (39) indicated that angiogenesis is impaired by 
hypercholesterolemia by suppressing the expression of 
bFGF and VEGF. This could help to explain the good 
prognosis of hypercholesterolemia in the current study. 
Among other studies, the researchers (40) reported that low 
levels of low-density lipoprotein (LDL) in leukemia and 
other tumor diseases may be due to increased LDL receptor 
activity in malignant cells. And low-density lipoprotein 
receptors are low in suppressed cells, while actively dividing 
cells usually express an increased number of low-density 
lipoprotein receptors, which may lead to a decrease of low-
density lipoprotein levels (41). In this case, low lipid levels 
may be a reflection of tumor recurrence and lead to a poor 
prognosis for these patients.

There are some limitations in the present study. First, 
the number of patients enrolled in the study was relatively 
small; second, the research was a single center retrospective 
study; third, the findings need to be further validated in 
future studies involving more centers.

Conclusions

On the basis of our existing results, the presence of higher 
LDL among CCRCC patients indicates a better OS and 
CSS no matter before and after PSM analysis. This means 
that LDL exists as a significant prognostic factor.
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