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(P< 0.001), and pM0 (P¼ 0.001) status, respectively. Moreover, in

the 755 patients with nonmetastasis, the low ApoA-I group was also

associated with shortened disease-free survival (DFS) time compared to
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Abstract: The prognostic value of serum lipid-profile in renal cell

cancer (RCC) remains unknown. The purpose of the study is to explore

the association between the serum lipid-profile and RCC patients.

The levels of preoperative serum lipid-profile (including cholesterol,

triglycerides, high-density lipoprotein-cholesterol [HDL-C], low-

density lipoprotein-cholesterol [LDL-C], apolipoprotein A-I [ApoA-

I], and apolipoprotein B [ApoB]) were retrospectively performed in 786

patients with RCC. The cutoff values of the lipids were determined by

the receiver-operating characteristic (ROC) curve analysis. Univariate

and multivariate Cox regression analyses were performed to investigate

the prognostic value of serum lipids in RCC.

Combined ROC analysis and univariate and multivariate Cox

regression analyses, for overall survival (OS), revealed patients with

low ApoA-I (<1.04) had significantly lower OS than the high ApoA-I

(�1.04) group (multivariate Cox regression analyses, hazard ratio [HR],

0.57; P¼ 0.003). Not only in the whole RCC cohort but also in the

subgroups stratified according to the pT1-2 (P¼ 0.002), pN0
unfei Xue, MD, Me ,
u, MD, and Hui Han, MD

the high ApoA-I group (multivariate Cox regression analyses, HR, 0.65;

P¼ 0.033). However, the other lipids were not independent prognostic

factors for surgical RCC.

An elevated level of preoperative ApoA-I was demonstrated to be

related with better survival in patients with surgical RCC. Measuring the

preoperative ApoA-I might be a simple way for finding the poor

prognostic patients who should enrolled in further clinical trials and

management.

(Medicine 95(12):e3147)

Abbreviations: ALP = alkaline phosphatase, ApoA-I =

apolipoprotein A-I, ApoB = apolipoprotein B, BMI = body mass

index, CRE = serum creatinine, HDL-C = high-density

lipoprotein–cholesterol, LDH = lactate dehydrogenase, LDL-C =

low-density lipoprotein-cholesterol, RCC = renal cell cancer, UA =

uric acid.

INTRODUCTION

R enal cell carcinoma (RCC) comprises approximately 3.8%
of all new malignancies in adults.1About 90% of renal

tumors are RCC, and almost 80% of these are clear cell tumors.2,3

Due to the increased use of imaging techniques, often ultrasound
and computed tomography, the frequency of incidental detection
of tumors has increased and patients with RCC typically present
with a suspicious mass involving the kidney that has been
visualized.4–6 Renal tumors are both unresponsive to chemother-
apy and radiotherapy and surgical resection is the only known
curative treatment for localized disease.7 After radical or partial
nephrectomy, metastasis develops in about 2 years.8 Although the
tumor–node–metastasis (TNM) stage and Fuhrman grade are
currently the most extensively used prognostic tools, they are not
entirely reliable.9 Other prognostic variables are pretreatment
neutrophil-to-lymphocyte ratio,10 different histologic subtypes,11

and positive surgical parenchymal margin.12 Thanks to the
insufficiency of these prognostic factors, new clinical and labora-
tory markers have started to be studied and established.

Serum lipid and lipoprotein abnormalities occur regularly
in many experimental tumor systems.13,14 Cholesterol synthesis
is raised in malignant cells compared with normal cells. Malig-
nant cells need excess cholesterol and intermediates of the
cholesterol biosynthesis pathway to maintain a high level of
proliferation.15 Plasma high- and low-density lipoproteins are
the probable major suppliers of cholesterol to cancer cells and
tumors, potentially via receptor-mediated mechanisms.15 Some
overexpression of human apolipoprotein
genic mice inhibits tumor growth and
mouse model of ovarian cancer.16 The
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relationship between serum lipids and lipoproteins and tumors
in humans is being explored. The increased cancer risk (such as
breast, prostate, lung, and colon cancer) has been found to be
associated with increasing dietary fat or cholesterol.17–19 Sev-
eral studies have also reported that greater circulating total
cholesterol concentration was related with cancer morbid-
ity.20,21 Recently, ApoA-I had been revealed to be a potentially
useful biomarker in metastatic nasopharyngeal carcinoma.22

However, no study was performed on the potential association

Guo et al
of serum lipids and lipoproteins with surgical RCC. The purpose

(IBM, Armonk, NY) and MedCalc (MedCalc Software, Ostend,
of this research was to analyze the prognostic value of serum
lipids and lipoproteins in patients with surgical RCC.

PATIENTS AND METHODS

Patients
We retrospectively enrolled 912 patients diagnosed with

RCC who were undergoing resection of primary tumor at Sun
Yat-sen University Cancer Center (SYSUCC) between January
2000 and December 2012. The inclusion criteria of the study
were as follows: no previous or coexisting tumor, have pre-
treatment blood sampling for lipids (including cholesterol,
triglycerides, high-density lipoprotein-cholesterol [HDL-C],
low-density lipoprotein-cholesterol [LDL-C], ApoA-I, and apo-
lipoprotein B [ApoB]), and staged on the basis of the 2010 TNM
staging system and the Fuhrman grading system. Patients were
excluded: concomitant diseases, such as diabetes, hyperlipide-
mia, or metabolic syndrome, had an effect on serum lipid levels;
using hormone replacement therapy or any drugs influencing in
lipid metabolism. A total of patients who met abovementioned
criteria were enrolled in this study. The study was approved by
the Institutional Review Board of SYSUCC, and written
informed consent was obtained for each patients.

Clinical Data Extraction
We collected baseline characteristic of participants from

the case files, including age, body mass index (BMI), gender,
stage, pathological types, Fuhrman-grading, and pTNM stage.
Urine sample was tested preoperative urine protein. Blood
samples were tested prior to initial surgical resection for levels
of alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
serum creatinine (CRE), uric acid (UA), serum cholesterol,
serum triglycerides, serum HDL-C, serum LDL-C, serum
ApoA-I, and serum ApoB. Categories of each characteristic
divided into as following: elevated ALP level was defined, if
ALP value in serum was >135 U/L. Similarly, elevated LDH
was defined when the LDH> 245 U/L. Elevated CRE was
defined when the CRE> 130mmol/L. Elevated UA was defined
when the UA> 420 mmol/L.

Patients Follow-up
Follow-up was carried out by telephone interview and

complimentary medical records review. Important follow-up
data included postoperative adjuvant therapy, living status,
progression, and sites of tumor metastases. The last follow-
up was completed in November 01, 2015, and after that, the
whole data were analyzed. The primary endpoint was overall
survival (OS), which was defined as the interval between
surgery and last follow-up or death. The secondary endpoint

was disease-free survival (DFS) which was calculated as the
interval between surgery and last follow-up or recurrence
or death.
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Statistical Analysis
Continuous variables and categorical variables were pre-

sented as means and standard deviations, and frequencies and
percentages, respectively. Percentage differences between
groups were compared with the x2 test or Fisher exact test.
Comparison of continuous data was done by use of the Mann–
Whitney test. Receiver-operating characteristic (ROC) curve
analysis was used to determine the joint maximum sensitivity
and specificity of a cutoff value to stratify patients at high risk of
death for serum cholesterol, serum triglycerides, serum HDL-C,
serum LDL-C, serum ApoA-I, and serum ApoB. The predictive
value of the established model was assessed by using the area
under the ROC curve (AUC) and the pairwise comparison of
AUC values of significant biomarkers was carried out by using z
statistic. OS and DFS after surgery were measured by using of
Kaplan–Meier curves and the log-rank test. Univariate Cox
regression analyses were done to compare all the variables, and
significant prognostic factors identified from the univariate
analysis were entered into the multivariate Cox regression
analysis of survival to test for independence. Hazard ratios
(HRs) estimated from the Cox analysis were reported as relative
risks with corresponding 95% confidence intervals (CIs). All
statistical analyses were performed using SPSS21.0 software
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Belgium). All tests were 2-sided and a P value <0.05 was
considered statistically significant.

RESULTS

Clinicopathologic Characteristics
A total of 786 enrolled patients were diagnosed with RCC.

The majority of the patients enrolled were males (n¼ 526,
66.90%), and pathological diagnosed as clear cell carcinoma
(n¼ 605, 77.00%). The mean age was 51.27 (standard deviation
[SD]: �13.57) years. Among these, 527 (67.10%), 122
(15.50%), 88 (11.20%), and 49 (5.20%) were staged in I, II,
III, and IV, respectively. Most of the enrolled patients (n¼ 716,
91.10%) received no adjuvant therapy. The baseline character-
istics of the 786 patients are shown in Table 1.

The distributions of preoperative serum lipid and lipoprotein
levels are shown in Table 2. In a majority of the RCC patients,
serum lipid and lipoprotein levels, except LDL-C level, were
within normal limits before surgery. Below the normal levels of
serum cholesterol, HDL-C, LDL-C, ApoA-I, and ApoB were
observed in nearly 0.1% (n¼ 1), 6.2% (n¼ 49), 14.2% (n¼ 112),
28.0% (n¼ 220), and 8.8% (n¼ 69) of patients, respectively. On
the contrary, 9.7% (n¼ 76), 33.3% (n¼ 262), 1.0% (n¼ 8),
36.6% (n¼ 288), 3.6% (n¼ 28), and 23.0% (n¼ 181) of patients
had exceed the normal range of serum cholesterol, triglyceride,
HDL-C, LDL-C, ApoA-I, and ApoB, respectively.

The mean and median follow-up time was 81.05 (SD:
�1.40) and 76.19 (interquartile range [IQR]: 50.00–107.47)
months. Mean DFS and OS were 149.40 (SD: �2.38) and
143.51 (SD: �3.09) months, respectively. The recommended
cutoff values of serum cholesterol, triglyceride, HDL-C, LDL-C,
ApoA-I, and ApoB, respectively, were based on the most pro-
minent point on the ROC curve for each value based on specificity
and sensitivity (Supplementary Table 1, http://links.lww.com/
MD/A840). The recommended serum cholesterol, triglyceride,
HDL-C, LDL-C, ApoA-I, and ApoB values were defined as 5.30,

1.49, 1.31, 2.67, 1.04, and 0.82, respectively. Based on the
pairwise comparisons of significant biomarkers (cholesterol,
triglyceride, HDL-C, and ApoA-I), the results revealed there is
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TABLE 1. Baseline Characteristics of All Patients (n¼786)

Characteristics
Cases

(n¼ 786)
Percentage,

%

Age, years (mean�SD) 51.27� 13.57
BMI (mean�SD) 23.62� 3.53

Gender
Male 526 66.90
Female 260 33.10

Pathological types
Clear cell carcinoma 605 77.00
Papillary carcinoma 59 7.50
Chromophobe renal cell
carcinoma

27 3.40

Multilocular cystic renal
cell carcinoma

26 3.30

Others 69 8.80
Fuhrman-grade

I 198 25.20
II 278 35.40
III 67 8.50
IV 8 1.00
Unknown 235 29.90

pTNM stage
I 527 67.10
II 122 15.50
III 88 11.20
IV 49 5.20

pT status
T1 544 69.20
T2 132 16.80
T3 83 10.60
T4 27 3.40

pN status
N0 729 92.70
N1 57 7.30

pM status
M0 755 96.10
M1 31 3.90

Adjuvant therapy
Yes 70 8.90
No 716 91.10

ALP
Normal 731 93.00
Elevated 55 7.00

LDH
Normal 673 85.60
Elevated 113 14.40

CRE
Normal 743 94.50
Elevated 43 5.50

UA
Normal 605 77.00
Elevated 181 23.00

Urine protein
No 595 75.70
Yes 58 7.40
Unknown 133 16.90

Cholesterol
<5.30 520 66.20
�5.30 266 33.80

Triglyceride

Characteristics
Cases

(n¼ 786)
Percentage,

%

<1.49 512 65.10
�1.49 274 34.90

HDL-C
<1.31 548 69.70
�1.31 238 30.30

LDL-C
<2.67 249 31.70
�2.67 537 68.30

ApoA-I
<1.04 207 26.30
�1.04 579 73.70

Apo-B
<0.82 263 33.50
�0.82 523 66.50

ALP¼ alkaline phosphatase, ApoA-I¼ apolipoprotein A-I,
ApoB¼ apolipoprotein B, BMI¼ body mass index, CRE¼ serum crea-
tinine, HDL-C¼ high-density lipoprotein-cholesterol, LDH¼ lactate
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no significant differences (Supplementary Table 2, http://

dehydrogenase, LDL-C¼ low-density lipoprotein-cholesterol,
pTNM¼ pathologic tumor–node–metastasis, UA¼ uric acid.
links.lww.com/MD/A840). According to the cutoff values, all

the patients were divided into the low and high groups, respect-
ively (Table 1).

The Relationship Between Clinicpathologic
Characteristics and OS

In the univariate Cox proportional hazards regression
model analysis, based on the cutoff levels of lipids and lipo-
proteins, the preoperative high serum cholesterol (P< 0.001),
triglyceride (P¼ 0.004), HDL-C (P¼ 0.006), LDL-C
(P¼ 0.018), and ApoA-I (P< 0.001) were associated with
better OS. In addition, the age, pathological types, Fuhrman-
grade, pTNM stage, pT-status, pN-status, pM-status, adjuvant
therapy, LDH, and CRE also remained clinically and statisti-
cally significant predictors of prognosis (Table 3).

In the multivariate Cox regression model, considering the
influence of statistical colinearity between pTNM stage and pT-
status, pN-status, pM-status, the multivariate model did not
include pTNM stage. The results showed that the high ApoA-I
was a significant independent predictors of favorable OS
(hazard ratio [HR], 0.57; P¼ 0.003). In addition, the age,
BMI, pT-status, pN-status, and pM-status also remained clini-
cally and statistically significant predictors of prognosis
(Table 3).

To further investigate the prognostic significance of
ApoA-I level in surgical RCC patients, the whole cohort was
compared by the Kaplan–Meier method and the log-rank test.
Patients with ApoA-I< 1.04 (n¼ 207) showed a significantly
worse OS than the ApoA-I� 1.04 group (n¼ 579) (ApoA-
I< 1.04 vs�1.04, mean OS: 126.13 vs 141.78 months, respect-
ively, P< 0.001, Figure 1A). We also evaluated the prognostic
influence of the ApoA-I level in the subgroups based on the pT-
status, pN-status, pM-status, respectively. Patients with a low
ApoA-I level had a significantly shorter OS compared with
those patients with a high ApoA-I level in the T1–2 subgroup

(n¼ 676, ApoA-I< 1.04 vs �1.04, mean OS: 143.26 vs 149.91
months, respectively, P¼ 0.002, Figure 2A), N0 subgroup
(n¼ 729, ApoA-I< 1.04 vs �1.04, mean OS: 134.03 vs
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worse OS than the ApoA-I� 1.04 group (n¼ 565) (ApoA-

TABLE 2. The Distribution of Baseline Serum Lipid and Lipoprotein Levels

Characteristic
Mean�

SD Median Range
Normal

Limits (n, %)
Below the

Normal (n, %)
Above the

Normal (n, %)

Cholesterol, mmol/L 5.01� 1.11 4.92 1.70–13.00 709, 90.20 1, 0.10 76, 9.70
Triglyceride, mmol/L 1.65� 1.41 1.33 0.30–22.70 524, 66.70 0, 0 262, 33.30
HDL-C, mmol/L 1.19� 0.32 1.13 0.28–2.57 729, 92.70 49, 6.20 8, 1.00
LDL-C, mmol/L

3.16� 0.94 3.07 0.86–8.79 386, 49.10 112, 14.20 288, 36.60
ApoA-I, g/L 1.22� 0.26 1.19 0.20–2.10 538, 68.40 220, 28.00 28, 3.60
Apo-B, g/L 0.95� 0.25 0.94 0.01–2.19 536, 68.20 69, 8.80 181, 23.00

ApoA-I¼ apolipoprotein A-I, ApoB¼ apolipoprotein B, HDL-C¼ high-density lipoprotein-cholesterol, LDL-C¼ low-density lipoprotein-cho-
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147.43 months, respectively, P< 0.001, Figure 2C), and M0
subgroup (n¼ 755, ApoA-I< 1.04 vs �1.04, mean OS: 134.68
vs 144.45 months, respectively, P¼ 0.001, Figure 2E). There
was not statistical significance in the T3–4 subgroup (n¼ 110,
ApoA-I< 1.04 vs �1.04, mean OS: 60.59 vs 88.33 months,
respectively, P¼ 0.051, Figure 2B), N1 subgroup (n¼ 57,
ApoA-I< 1.04 vs �1.04, mean OS: 51.89 vs 52.49 months,
respectively, P¼ 0.254, Figure 2D), or M1 subgroup (n¼ 31,
ApoA-I< 1.04 vs �1.04, mean OS: 30.29 vs 38.61 months,
respectively, P¼ 0.384, Figure 2F).

Association of Preoperative ApoA-I Level With
Clinicopathologic Characteristics

The preoperative ApoA-I level was significantly correlated
with gender (P< 0.001), pTNM (P< 0.001), pT status
(P¼ 0.002), pN status (P¼ 0.029), pM status (P< 0.001),
and LDH (P< 0.001). BMI (P¼ 0.487), age (P¼ 0.319), patho-
logical types (P¼ 0.290), etc., had not influence on the pre-
operative ApoA-I level (Table 4).

The Clinicopathologic Characteristics and DFS by
Univariate and Multivariate Cox Proportional
Hazards Regression Model Analysis

For DFS, we excluded the patients with pM1 classification
(n¼ 31). A total of 755 patients were enrolled to analyze the
relationship between lipids and clinicpathologic characteristics.
In the univariate Cox proportional hazards regression model
analysis, the results showed that high serum cholesterol
(P¼ 0.001), triglyceride (P¼ 0.011), and ApoA-I (P¼ 0.003)
were significantly independent predictors of favorable DFS.
The age, pathological types, pTNM stage, pT-status, pN-status,
adjuvant therapy, LDH, and CRE remained a clinically and
statistically significant predictors of prognosis (Table 5).

Secondly, we used a multivariate model to adjust for the
confounders of the association of baseline serum lipid and
lipoprotein levels with survival. Considering the mulicolinear-
ity between pTNM stage and pT-status, pN-status, the multi-
variate model did not include pTNM stage. The results showed
that the high ApoA-I was a significantly independent predictor
of favorable DFS (HR, 0.65; P¼ 0.033). In addition, the age,
BMI, pT-status, and pN-status also remained clinically and
statistically significant predictors of prognosis (Table 5).

lesterol, SD¼ standard deviation.
Thirdly, the Kaplan–Meier method and log-rank test were
used to compare the different effects of ApoA-I level on DFS.
Patients with ApoA-I< 1.04 (n¼ 190) showed a significantly

4 | www.md-journal.com
I< 1.04 vs�1.04, mean OS: 136.76 vs 143.64 months, respect-
ively, P¼ 0.002, Figure 1B).

DISCUSSION
This is the 1st large-scale cohort study to analyze the

relationship between serum lipids and lipoproteins and RCC. In
this research, although we found most of the preoperative serum
cholesterol, triglyceride, HDL-C, ApoA-I, and ApoB levels
were within the normal range, several studies revealed that a
closer relationship between serum lipid profile and the inci-
dence of some cancers has been found in different ethnic groups
and a large number of subjects.23–25 Previous studies had also
found the different prognostic effects of lipids in some can-
cers.26–28 However, no studies had been explored to analysis the
association the prognostic values of the lipid profile in RCC
patients. We used the ROC analysis to determine the optimal
cutoff values for the lipids and found that the elevated baseline
ApoA-I level was significantly associated with better survival
and was independent of other variables predicting the prognosis
of RCC patients. For OS, we also found that pretreatment age,
BMI, pT-status, pN-status, and pM-status were independent
prognostic factors of RCC. Furthermore, for DFS, we found that
age, BMI, pT-status, and pN-status were independent
prognostic factors.

In the analyses of subgroups between the ApoA-I level and
OS according to the pT, pN, pM classification, our study
demonstrated the high ApoA-I level was a favorable prognostic
factor which associated with pT1–2, pN0, and pM0 subgroups,
respectively. Although no statistical significance in the
advanced pT, pN, and pM subgroups, the high ApoA-I level
also presented a higher mean survival time than the low group.
The lack of significance of this finding is probably due to an
insufficient number of advanced patients.

ApoA-I, the main protein component of HDL-C, is syn-
thesized predominantly in the liver and the small intestine, and
exists transiently in lipid-poor form.29 ApoA-I binding to the
extracellular domain of ABCA1 results in the active removal of
cellular cholesterol and phospholipids to lipid-poor apolipopro-
teins from a variety of cells.30 In addition, this process plays
crucial roles in both the formation and maintenance of HDL-C
levels in plasma and is likely important for the 1st step of the

reverse cholesterol transport process from peripheral tissues.31

The HDL-C particle is further matured by lecithin cholesterol
acyltransferase (LCAT) binding to ApoA-I on HDL-C and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. According to the preoperative ApoA-I levels, Kaplan–Meier curves depicting OS (A) in 786 patients and DFS (B) in 755 patients
(M0) with renal cell cancer. DFS¼disease-free survival, OS¼overall survival.

FIGURE 2. Kaplan–Meier curves depicting OS according to preoperative ApoA-I levels in 786 patients with renal cell cancer. Patients were
stratified according to the pT-status, pN-status, and pM-status. (A) Kaplan–Meier analysis of OS in T1-2 subgroup. (B) Kaplan–Meier analysis
of OS in T3-4 subgroup. (C) Kaplan–Meier analysis of OS inN0 subgroup. (D)Kaplan–Meier analysis of OS in N1 subgroup. (E) Kaplan–Meier
analysis of OS inM0 subgroup. (F) Kaplan–Meier analysis of OS in M1 subgroup. ApoA-I¼ apolipoprotein A-I, OS¼overall survival.

Medicine � Volume 95, Number 12, March 2016 Preoperative ApoA-I on the Prognosis of RCC

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 7



TABLE 4. Clinicopathological Variables of Patients According to the Different Level of ApoA-I

Characteristics ApoA-I< 1.04 (n¼ 207) ApoA-I� 1.04 (n¼ 579) P Value

Age, years (Mean�SD) 51.87� 13.75 51.05� 13.51 0.319
�

BMI (mean�SD) 23.67� 3.22 23.60� 3.64 0.487
�

Gender <0.001y

Male 164 (79.20%) 362 (62.50%)
Female 43 (20.80%) 217 (37.50%)

Pathological types 0.290y

Clear cell carcinoma 160 (77.30%) 455 (76.90%)
Papillary carcinoma 21 (10.10%) 38 (6.60%)
Chromophobe renal cell carcinoma 7 (3.40%) 20 (3.50%)
Multilocular cystic renal cell carcinoma 4 (1.90%) 22 (3.80%)
Others 15 (7.20%) 54 (9.30%)

Fuhrman-grade 0.063y

I 59 (28.50%) 139 (24.00%)
II 65 (31.40%) 213 (36.80%)
III 24 (11.60%) 43 (7.40%)
IV 4 (1.90%) 4 (0.70%)
Unknown 55 (26.60%) 180 (31.10%)

pTNM stage <0.001y

I 117 (56.50%) 411 (71.00%)
II 33 (15.90%) 89 (15.40%)
III 31 (15.00%) 56 (9.70%)
IV 26 (12.60%) 23 (4.00%)

pT status 0.002y

T1 124 (59.90%) 420 (72.50%)
T2 39 (18.80%) 93 (16.10%)
T3 32 (15.50%) 51 (8.80%)
T4 12 (5.80%) 15 (2.60%)

pN status 0.029y

N0 185 (89.40%) 544 (94.00%)
N1 22 (10.60%) 35 (6.00%)

pM status <0.001y

M0 190 (91.80%) 565 (97.60%)
M1 17 (8.20%) 14 (2.40%)

Adjuvant therapy 0.466y

Yes 21 (10.10%) 49 (8.50%)
No 186 (89.90%) 530 (91.50%)

ALP 0.631y

Normal 191 (92.30%) 540 (93.30%)
Elevated 16 (7.70%) 39 (6.70%)

LDH <0.001y

Normal 161 (77.80%) 512 (88,40%)
Elevated 46 (22.20%) 67 (11.60%)

CRE 0.551y

Normal 194 (93.70%) 549 (94.80%)
Elevated 13 (6.30%) 30 (5.20%)

UA 0.522y

Normal 156 (75.40%) 449 (77.50%)
Elevated 51 (24.60%) 130 (22.50%)

Urine protein 0.796y

No 160 (77.30%) 435 (75.10%)
Yes 15 (7.20%) 43 (7.40%)

Unknown 32 (15.50%) 101 (17.40%)

ALP¼ alkaline phosphatase, ApoA-I¼Apolipoprotein A-I, BMI¼ body mass index, CRE¼ serum creatinine, LDH¼ lactate dehydrogenase,
pTNM¼ pathologic tumor–node–metastasis, UA¼ uric acid.�

Kraskal–Wallis test
yChi-square test
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TABLE 5. Univariate and Multivariate Analyses for Variables Considered for Disease-Free Survival (DFS) (Cox Proportional Hazard
Regression Model) (n¼755)

DFS Univariate Analysis DFS Multivariate Analysis

Characteristics 95.0% CIs HR P Value 95.0% CIs HR P Value

Age, years 1.01 to 1.03 1.02 0.004
�

1.01 to 1.03 1.02 0.004y

BMI 0.87 to 0.97 0.92 0.001
�

0.87 to 0.98 0.93 0.018y

Gender
Male 1.00 (ref.)
Female 0.49 to 1.09 0.73 0.121

�

Pathological types
Clear cell carcinoma 1.00 (ref.) 1.00 (ref.)
Papillary carcinoma 1.26 to 3.65 2.14 0.005

�
0.68 to 2.18 1.22 0.500y

Chromophobe renal cell
carcinoma

0.03 to 1.80 0.25 0.169
�

0.04 to 1.86 0.26 0.178y

Multilocular cystic renal
cell carcinoma

0.04 to 1.82 0.25 0.172
�

0.05 to 2.74 0.38 0.336y

Others 1.24 to 3.36 2.04 0.005
�

0.91 to 2.58 1.53 0.111y

Fuhrman-grade
I 1.00 (ref.)
II 0.55 to 1.48 0.90 0.689

�

III 0.72 to 2.77 1.41 0.315
�

IV 0.59 to 10.35 2.47 0.217
�

Unknown 0.90 to 2.28 1.43 0.129
�

pTNM stage
I 1.00 (ref.)
II 0.98 to 2.81 1.66 0.060

�

III 4.04 to 9.21 6.10 <0.001
�

IV 8.82 to 29.33 16.08 <0.001
�

pT status
T1 1.00 (ref.) 1.00 (ref.)
T2 1.10 to 2.90 3.16 0.019

�
0.94 to 2.54 1.54 0.088y

T3 3.24 to 7.71 5.00 <0.001
�

1.56 to 4.26 2.58 <0.001y

T4 7.53 to 25.54 13.87 <0.001
�

2.50 to 11.01 5.25 <0.001y

pN status
N0 1.00 (ref.)
N1 5.00 to 11.65 7.63 <0.001

�
1.84 to 5.27 3.11 <0.001y

Adjuvant therapy
Yes 1.00 (ref.)
No 0.22 to 0.53 0.34 <0.001

�
0.38 to 1.00 0.62 0.051y

ALP
Normal 1.00 (ref.)
Elevated 0.29 to 1.52 0.67 0.336

�

LDH
Normal 1.00 (ref.)
Elevated 1.04 to 2.48 1.61 0.031

�
0.59 to 1.53 0.95 0.840y

CRE
Normal 1.00 (ref.)
Elevated 1.08 to 3.41 1.92 0.027

�
0.89 to 2.92 1.61 0.119y

UA
Normal 1.00 (ref.)
Elevated 0.83 to 1.85 1.24 0.302

�

Urine protein
No 1.00 (ref.)
Yes 0.90 to 2.77 1.57 0.115

�

Unknown 0.67 to 1.70 1.06 0.797
�

Cholesterol
<5.30 1.00 (ref.) 1.00 (ref.)
�5.30 0.32 to 0.75 0.49 0.001

�
0.46 to 1.15 0.73 0.180y

Triglyceride
<1.49 1.00 (ref.) 1.00 (ref.)
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evaluate pretreatment patients due to a far lower cost and greater

DFS Univariate Analysis DFS Multivariate Analysis

Characteristics 95.0% CIs HR P Value 95.0% CIs HR P Value

�1.49 0.40 to 0.89 0.59 0.011
�

0.57 to 1.37 0.88 0.584y

HDL-C
<1.31 1.00 (ref.)
�1.31 0.48 to 1.08 0.72 0.109

�

LDL-C
<2.67 1.00 (ref.)
�2.67 0.51 to 1.05 0.73 0.086

�

ApoA-I
<1.04 1.00 (ref.) 1.00 (ref.)
�1.04 0.40 to 0.82 0.57 0.003

�
0.44 to 0.97 0.65 0.033y

Apo-B
<0.82 1.00 (ref.)
�0.82 0.55 to 1.14 0.80 0.214

�

ALP¼ alkaline phosphatase, ApoA-I¼ apolipoprotein A-I, ApoB¼ apolipoprotein B, BMI¼ body mass index, CI¼ confidence interval,
CRE¼ serum creatinine, HDL-C¼ high-density lipoprotein-cholesterol, HR¼ hazard ratio, LDH¼ lactate dehydrogenase, LDL-C¼ low-density
lipoprotein-cholesterol, pTNM¼ pathologic tumor–node–metastasis, UA¼ uric acid.

Guo et al Medicine � Volume 95, Number 12, March 2016
converting cholesterol to cholesteryl ester.32 The chylomicrons
secreted from the intestine enterocyte also contain ApoA-I, but
it is quickly transferred to HDL-C in the bloodstream. Its
function to participate in and promote the reverse transport
of cholesterol from tissues to the liver for excretion, and by
acting as a cofactor for lectin cholesterol acyltransferase
(LCAT), which is responsible for the conversion of cholesterol
to cholesteryl ester (CE), and the transfer of fatty acids (linoleic
acid and oleic acid) and ethanolamine back to cells for reuti-
lization.33 Nevertheless, the role of ApoA-I in cancer is not well
understood. ApoA-I may be mainly attributed to anti-athero-
genic, anti-inflammatory, and anti-oxidant properties.34

Recently, researchers used ApoA-I mimetic peptides to observe
the association between ApoA-I and cancer cells. ApoA-I
mimetic peptides reduced viability and proliferation of ID8
cells and cis-platinum-resistant human ovarian cancer cells, and
decreased ID-8 cell-mediated tumor burden in C57BL/6J mice
when administered subcutaneously or orally.16 This experimen-
tal research can help explain the biological mechanisms for the
association between ApoA-I and RCC observed in our epide-
miologic study. In addition, decreased ApoA-I levels have also
been reported to be an indicator for early epithelial ovarian,
pancreatic, nasopharyngeal cancer, and so on. Our results also
suggest that the reduction of preoperative ApoA-I level is not
only strongly correlated with worse OS and DFS, but also an
independent factor for survival in the univariate and multi-
variate Cox regression analyses.

BMI is one of the nutritional indexes. We found that no
significant distribution between the low and high ApoA-I level
for BMI. The result revealed that nutritional status was not
associated with the ApoA-I concentration. The lower level of
ApoA-I was not owing to nutritional deficiency in the RCC
patients. One explanation we concluded that the low level of
ApoA-I in tumors is dependent on other factors, such as
cholesterol concentration or inflammatory reaction. We need
further research to support these hypotheses.

Some important clinical implications can be drawn from

�
Univariate Cox proportional hazard regression.
yMultivariate Cox proportional hazard regression.
our findings. Firstly, although the results from our univariate
Cox regression analyses showed that serum cholesterol, trigly-
ceride, HDL-C, and LDL-C levels were significantly associated

10 | www.md-journal.com
with OS, after adjustment for clinical factors, no statically
significance was found. One possible reason is that the changes
in the lipids and lipoproteins profiles might be a proxy for
changes in some etiological mechanisms for surgical RCC
patients. Secondly, in vivo, ApoA-I mimetic peptides also
observe the association between ApoA-I and cancer cells.
The combination of the ApoA-I treatment and other drugs
might be useful in significantly improving the survival of
patients. Finally, the cutoff value of ApoA-I might be used
to provide further management for clinical trials and high risk
group in surgical RCC patients.

However, some limitations exist in our study. Firstly, our
outcomes originate from retrospective data. No prospective
randomized trials were performed in surgical RCC patients.
Hence, we will continue to conduct prospective studies to
validate our conclusions. Second, after surgical resection the
survival of patients is greatly extended, so our results have not
been able to replicate the median survival time. So, we will keep
observing these patients were followed to obtain a more reliable
result. Lastly, our results still need further validation.

In conclusion, our results revealed that preoperative serum
ApoA-I level could function as an independent prognostic
factor for surgical RCC patients. This is also confirmed in
some subgroups of patients according to the pT, pN, and pM
classifications. Serum ApoA-I can be widely used to routinely
convenience than other more complex and expensive
evaluative techniques.
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