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Abstract
Background
Abnormalities in serum lipids and lipoproteins have been documented to link to the risk of cancers in recent years, but its prognostic value for cancer is not known. This study retrospectively evaluated the significance of preoperative serum lipids and lipoproteins for NSCLC’s prognosis.

Methods
A retrospective review was implemented of 551 patients succumbed to NSCLC. A ROC curve was utilized to determine the best cut-off value and area under the ROC curve. Kaplan-Meier and a Cox proportional hazards model were utilized to perform survival analysis.

Results
With a median follow-up of 42 months, the NSCLC patients in the high TG (> 1.21 mmol/L) and low HDL-C (≤ 1.26 mmol/L) two groups exhibited shorter OS and DFS. In multivariable analysis, preoperative HDL-C and TG can work as independent prognosis factors for OS (P<0.001 for both) and DFS (P<0.05 for both) in patients succumbed to NSCLC.

Conclusion
Abnormalities of serum lipids and lipoproteins metabolism linked to the survival outcomes of NSCLC. Preoperative serum HDL-C and TG may be promising biomarkers to predict the NSCLC patients’ prognosis.
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Introduction
Lung cancer remains the most prevalent malignancy worldwide, with almost one-quarter of deaths of cancer patients result from lung cancer [1]. NSCLC is comprised of around 85% of all the lung cancer cases [2]. Though surgical resection is the only potentially cure treatment for NSCLC at present, the average five-year survival rate of all stages remains below 23% [3]. The majority (56%) of NSCLC patients with stages I-II undergo surgery, whereas only 10% of patients at the stage III NSCLC can undergo surgery [4]. In contrast, the most (62%) of NSCLC patients with stages III-IV undergo treatment with chemotherapy, immunotherapy and molecular target therapy [5]. However, the average five-year survival rate of the stage IV NSCLC (4%) is lower than that for stage I (57%) [4, 6]. Therefore, finding accurate, effective and inexpensive pre-treatment biomarkers for prognosis evaluation of NSCLC can be of great clinical value.
Abnormalities in serum lipids and lipoproteins are important causes of cardiovascular disease and putatively associated with cancer [7–9]. Triglycerides (TG) are a component of blood lipids and an independent source of fatty acid oxidation, meanwhile have been associated with cell proliferation and tumor growth, and therefore have carcinogenic potential [10, 11]. Some studies have shown that TG levels positively correlate with the risk of thyroid, rectal, and renal cancer, but negatively with the risk of prostate cancer [12, 13]. Cholesterol is another component of lipids, which can regulate cell membrane stability and participate in lipid raft formation [14]. High-density lipoprotein cholesterol (HDL-C) can mediate reverse transport of cholesterol from cell to liver, and may have an anti-tumor effect because of its anti-oxidation and anti-inflammation properties [15]. The association between high HDL-C and low overall cancer incidence has been confirmed in some epidemiological studies [16, 17].
Nevertheless, only a few studies have indicated an association between serum lipids and lipoproteins and cancer prognosis, and the cancers are site-specific such as breast and colorectal [18, 19]. There are rarely retrospective studies concerning TG, HDL-C, or other lipids parameters and cancer prognosis in NSCLC. In addition, the anti-cancer effects of serum lipids and lipoproteins remain controversial and the mechanism is unclear [8]. Herein, the study was designed to retrospectively evaluate the prognosis significance of preoperative serum lipids and lipoproteins for NSCLC.
Methods
Ethics Committee belonging to Liyuan Hospital affiliated to Tongji Medical College of Huazhong University of Science and Technology ratified this current retrospective study.
Study population
Clinical and laboratory data were collected from 674 NSCLC patients (stages I-IIIA), 123 of whom were excluded from the study. The inclusion criteria of the present study were: all patients were aged ≥18 years, had pathologically diagnosed NSCLC, clinical and laboratory data were complete, and serum samples were collected before treatment. Patients were excluded when they met any of the following criteria: stage IIIB to IV or inoperable IIIA with NSCLC; use of drugs affecting lipid metabolism before serum collection; tumor of any origin other than lung; any disease associated with elevated blood lipids (diabetes, hyperlipidemia or metabolic syndrome); or blood transfusion within 4 months prior to admission. Finally, the study population comprised 551 patients (stages I-IIIA) with NSCLC confirmed by histopathology and treated from March 2013 to September 2018 in the Cancer Center at Union Hospital of Tongji Medical College of Huazhong University of Science and Technology. The pathological diagnosis and cancer stage (I, II, IIIA) were determined as per the eighth edition of TNM staging system (UICC/AJCC-8, 2017). All the histological diagnosis was determined according to the classification criteria of the WHO and the IASLC. The treatment of the patients was adherent to the national guideline (NCCN guideline Chinese version). All of 551 patients with stage I-IIIA NSCLC received curative resection, 299 of whom also underwent postoperative adjuvant chemotherapy. All subjects did not receive neoadjuvant chemotherapy, radiotherapy, and targeted therapy.
Clinical parameters and laboratory results
Seventeen clinical parameters and laboratory results were obtained from the electronic medical records database of all subjects who were included in this study, including age, gender, smoking history, stage, histological type, surgery type, adjuvant chemotherapy, blood glucose and blood lipids examination. In strict accordance with the principle of perioperative management, all patients were required to stop smoking and drinking alcohol, and to eat a light diet, within the 2 weeks before receiving surgery. In addition, patients began fasting 8–12 h before surgery and banned drinking water 4 h before the operation. Fasting blood specimens were collected before breakfast within 7 days before surgery. All blood samples were detected using an automatic biochemical analyzer 7600 (Hitachi High-tech, Tokyo, Japan). The test items included the following: glucose, ApoB, HDL-C, ApoA1, Lpa, TC, TG, and LDL-C.
Follow-up
All recruited patients were subjected to follow-up as per the eighth lung cancer criteria (UICC/AJCC-8, 2017). NSCLC patients discharged after treatment were subjected to follow-up, which was implemented at 3 months interval (for the initial 2 years), and subsequently at 6 months interval (for the next 3–5 years), until death or 1 December 2020. The obtained median follow-up duration was 42 months (a range of 4–91 months). OS denotes the interval from operation date to the date of death, or the final follow-up. DFS denotes the interval from the operation date to the date of disease recurrence/metastasis or death. Both of OS and DFS were obtained mainly through hospital records or telephone surveys.
Statistical analysis
IBM SPSS statistical software 23.0 was employed to perform all statistical analysis in the study. Kolmogorov-Smirnov test was utilized to evaluate whether each continuous variable conformed to a normal distribution. Non-normally distributed continuous variables were reported as median (first-third interquartile range [IQR]). Categorical variables were shown as the percentage and analyzed by means of chi-squared test. ROC curve was calculated to determine the best cut-off value and the AUC for survival outcomes. Kaplan-Meier alongside Cox proportional hazards model were adopted for survival analysis and confirm the independent prognostic factors for NSCLC. P < 0.05 was suggestive of statistically significant.
Results
Subjects’ clinical characteristics
Table 1 depicts patients’ clinical characteristics. Enrolled in this study were 551 patients with NSCLC, including 383 (69.5%) men and 168 (30.5%) women. On the basis of the TNM criteria of the UICC/AJCC-8, the number of NSCLC patients at the stages of I-II and IIIA were, respectively, 354 (64.2%) and 197 (35.8%). All NSCLC patients received curative resection, and the number of patients received lobectomy, pneumonectomy and other were, respectively, 395 (71.7%), 120 (21.8%) and 36 (6.5%). Moreover, a total of 299 (54.3%) patients underwent postoperative adjuvant chemotherapy.
Table 1The clinical characteristics of all patients (n = 551)


	Characteristics
	Patients

	Age(y)
	61 (53–68)

	Gender

	 Male
	383 (69.5%)

	 Female
	168 (30.5%)

	Smoking history

	 Y
	355 (64.4%)

	 N
	196 (35.6%)

	Stage

	 I-II
	354 (64.2%)

	 IIIA
	197 (35.8%)

	Pathological tumor

	classification (pT)

	 pT1–2
	475 (86.2%)

	 pT3–4
	76 (13.8%)

	Pathological lymph node

	stage (pN)

	 pN0
	298 (54.1%)

	 pN1–2
	253 (45.9%)

	Histological type

	 Squamous cell carcinoma
	174 (31.6%)

	 Adenocarcinoma
	329 (59.7%)

	 Large cell carcinoma
	48 (8.7%)

	Surgery type

	 Lobectomy
	395 (71.7%)

	 Pneumonectomy
	120 (21.8%)

	 Other
	36 (6.5%)

	Adjuvant chemotherapy

	 Y
	299 (54.3%)

	 N
	252 (45.7%)

	GLU (mmol/L)
	5.27 (4.78–5.88)

	TC (mmol/L)
	4.20 (3.63–4.89)

	TG (mmol/L)
	1.09 (0.80–1.72)

	HDL-C (mmol/L)
	1.17 (0.97–1.40)

	LDL-C (mmol/L)
	2.55 (2.08–3.08)

	ApoA1(g/L)
	1.15 (1.01–1.29)

	Apo B(g/L)
	0.85 (0.71–1.02)

	Lpa (mg/L)
	189 (90–408)


Continuous variables were shown as median (first-third interquartile range [IQR])
Categorical variables were shown as percentages



Optimal cut-off value for preoperative lipid parameters
To determine the optimal cut-off value and the AUC for preoperative lipid parameters in NSCLC patients, ROC curve was plotted for survival outcomes. The cut-off value of joint maximum sensitivity and specificity for TG was 1.21 mmol/L (P < 0.001, AUC = 0.637, 95% CI = 0.586–0.687; Fig. 1A) and HDL-C was 1.26 mmol/L (P < 0.001, AUC = 0.645, 95% CI = 0.597–0.692; Fig. 1B). For further analyses, the patients were assigned into high TG, or low TG group (> 1.21 mmol/L or ≤ 1.21 mmol/L, respectively), and high HDL-C, or low HDL-C group (> 1.26 mmol/L or ≤ 1.26 mmol/L, respectively).
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Fig. 1ROC curve analysis of preoperative (A) TG and (B) HDL-C for predicting survival outcomes in patients with NSCLC


Clinical data analysis based on TG and HDL-C
As shown in Table 2, the clinical data of patients disaggregated by the different levels of preoperative TG and HDL-C were evaluated by the chi-squared test. The results presented that TG levels were correlated with stage (P = 0.018), pN (P = 0.001) and adjuvant chemotherapy (P = 0.002). However, there appeared no statistical differences between the high TG and low TG groups in age, gender, smoking history, pT, histological type, surgery type (P > 0.05 for all). HDL-C level linked to the gender (P = 0.010) and stage (P = 0.046).
Table 2Relationships between clinicopathological data and the different levels of preoperative TG and HDL-C in 551 NSCLC patients


	Characteristics
	TG ≤ 1.21
mmol/L
	TG>1.21
mmol/L
	P value
	HDL-C ≤ 1.26
mmol/L
	HDL-C>1.26
mmol/L
	P value

	n = 311
	n = 240
	 	n = 330
	n = 221
	 
	Age
	 	 	0.842
	 	 	0.112

	  ≤ 57
	114
	86
	 	111
	89
	 
	 >57
	197
	154
	 	219
	132
	 
	Gender
	 	 	0.100
	 	 	0.010

	 Male
	225
	158
	 	243
	140
	 
	 Female
	86
	82
	 	87
	81
	 
	Smoking history
	 	 	0.670
	 	 	0.944

	 Y
	198
	157
	 	213
	142
	 
	 N
	113
	83
	 	117
	79
	 
	Stage
	 	 	0.018
	 	 	0.046

	 I-II
	213
	141
	 	201
	153
	 
	 IIIA
	98
	99
	 	129
	68
	 
	Pathological tumor
	 	 	 	 	 	 
	Classification (pT)
	 	 	0.823
	 	 	0.380

	 pT1–2
	269
	206
	 	281
	194
	 
	 pT3–4
	42
	34
	 	49
	27
	 
	Pathological lymph node
	 	 	 	 	 	 
	stage (pN)
	 	 	0.001
	 	 	0.068

	 pN0
	188
	110
	 	168
	130
	 
	 pN1–2
	123
	130
	 	162
	91
	 
	Histological type
	 	 	0.522
	 	 	0.121

	 Squamous cell carcinoma
	101
	73
	 	109
	65
	 
	 Adenocarcinoma
	180
	149
	 	187
	142
	 
	 Large cell carcinoma
	30
	18
	 	34
	14
	 
	Surgery type
	 	 	0.082
	 	 	0.174

	 Lobectomy
	233
	162
	 	227
	168
	 
	 Pneumonectomy
	57
	63
	 	80
	40
	 
	 Other
	21
	15
	 	23
	13
	 
	Adjuvant chemotherapy
	 	 	0.002
	 	 	0.610

	 Y
	151
	148
	 	182
	117
	 
	 N
	160
	92
	 	148
	104
	 

Data were present with Chi-square test. P < 0.05 was considered significant



Prognostic significance of preoperative TG and HDL-C
Kaplan-Meier curve was plotted to perform the survival analysis. In relation to patients assigned in the low TG group, those in the high TG group had shorter OS (P < 0.001; Fig. 2A) alongside decreased DFS (P < 0.001; Fig. 2B). Meanwhile, the low HDL-C group had shorter OS (P < 0.001; Fig. 2C) alongside decreased DFS (P < 0.001; Fig. 2D) relative to the high HDL-C group.
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Fig. 2Kaplan-Meier curve of the (A) OS along with (B) DFS as per preoperative TG levels, and for (C) OS and (D) DFS as per preoperative HDL-C levels


Analysis on the OS (Table 3) and DFS (Table 4) was further carried out by univariate and multivariate Cox proportional hazards models. Univariate Cox proportional hazards model suggested association of age, stage, pT, pN, surgery type, adjuvant chemotherapy, HDL-C, TG, and LDL-C with OS (P < 0.05 for all). The multivariate model unveiled that age (P = 0.013), pN (P < 0.001), adjuvant chemotherapy (P = 0.002), TG (P < 0.001), and HDL-C (P < 0.001) worked as prognosis factors for OS in an independent fashion. For DFS, the univariate model suggested association of gender, stage, pT, pN, surgery type, adjuvant chemotherapy, HDL-C, TG, and LDL-C with DFS (P < 0.05 for all). In addition, the multivariate model uncovered gender (P = 0.008), stage (P = 0.001), pN (P < 0.001), adjuvant chemotherapy (P < 0.001), TG (P = 0.002), and HDL-C (P < 0.001) as prognosis factors for DFS in an independent fashion.
Table 3Univariate and multivariate Cox proportional hazards model analysis for overall survival


	Characteristics
	Univariate analysis
	Multivariate analysis

	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age
	 	 	0.023
	 	 	0.013

	  ≤ 57
	1.000
	Reference
	 	1.000
	Reference
	 
	 >57
	1.458
	1.053–2.020
	 	1.524
	1.091–2.129
	 
	Gender
	 	 	0.139
	 	 	 
	 Male
	1.000
	Reference
	 	 	 	 
	 Female
	0.777
	0.556–1.086
	 	 	 	 
	Smoking history
	 	 	0.120
	 	 	 
	 Y
	1.000
	Reference
	 	 	 	 
	 N
	0.775
	0.563–1.068
	 	 	 	 
	Stage
	 	 	<0.001
	 	 	0.051

	 I-II
	1.000
	Reference
	 	1.000
	Reference
	 
	 IIIA
	3.075
	2.279–4.148
	 	1.747
	0.997–3.060
	 
	Pathological tumor
	 	 	 	 	 	 
	Classification (pT)
	 	 	0.009
	 	 	0.285

	 pT1–2
	1.000
	Reference
	 	1.000
	Reference
	 
	 pT3–4
	1.663
	1.138–2.430
	 	1.295
	0.806–2.078
	 
	Pathological lymph node
	 	 	 	 	 	 
	stage (pN)
	 	 	<0.001
	 	 	<0.001

	 pN0
	1.000
	Reference
	 	1.000
	Reference
	 
	 pN1–2
	3.842
	2.772–5.323
	 	4.574
	2.694–7.767
	 
	Histological type
	 	 	0.136
	 	 	 
	 Squamous cell carcinoma
	1.000
	Reference
	 	 	 	 
	 Adenocarcinoma
	0.847
	0.611–1.173
	 	 	 	 
	 Large cell carcinoma
	1.371
	0.815–2.305
	 	 	 	 
	Surgery type
	 	 	<0.001
	 	 	0.613

	 Lobectomy
	1.000
	Reference
	 	1.000
	Reference
	 
	 Pneumonectomy
	2.379
	1.719–3.293
	 	1.250
	0.760–2.056
	 
	 Other
	2.231
	1.316–3.781
	 	1.026
	0.543–1.938
	 
	Adjuvant chemotherapy
	 	 	<0.001
	 	 	0.002

	 Y
	1.000
	Reference
	 	1.000
	Reference
	 
	 N
	2.190
	1.596–3.006
	 	2.607
	1.439–4.723
	 
	GLU (mmol/L)
	 	 	0.115
	 	 	 
	  ≤ 5.75
	1.000
	Reference
	 	 	 	 
	 >5.75
	0.761
	0.542–1.068
	 	 	 	 
	TC (mmol/L)
	 	 	0.490
	 	 	 
	  ≤ 4.59
	1.000
	Reference
	 	 	 	 
	 >4.59
	0.896
	0.655–1.225
	 	 	 	 
	TG (mmol/L)
	 	 	<0.001
	 	 	<0.001

	  ≤ 1.21
	1.000
	Reference
	 	1.000
	Reference
	 
	 >1.21
	2.217
	1.640–2.997
	 	1.891
	1.385–2.583
	 
	HDL-C (mmol/L)
	 	 	<0.001
	 	 	<0.001

	  ≤ 1.26
	1.000
	Reference
	 	1.000
	Reference
	 
	 >1.26
	0.371
	0.260–0.527
	 	0.430
	0.301–0.613
	 
	LDL-C (mmol/L)
	 	 	0.046
	 	 	0.742

	  ≤ 2.26
	1.000
	Reference
	 	1.000
	Reference
	 
	 >2.26
	1.399
	1.006–1.945
	 	1.059
	0.752–1.492
	 
	ApoA1(g/L)
	 	 	0.181
	 	 	 
	  ≤ 1.21
	1.000
	Reference
	 	 	 	 
	 >1.21
	0.811
	0.597–1.102
	 	 	 	 
	ApoB(g/L)
	 	 	0.222
	 	 	 
	  ≤ 1.15
	1.000
	Reference
	 	 	 	 
	 >1.15
	0.726
	0.434–1.214
	 	 	 	 
	Lpa (mg/L)
	 	 	0.374
	 	 	 
	  ≤ 53
	1.000
	Reference
	 	 	 	 
	 >53
	0.828
	0.546–1.256
	 	 	 	 

Data were analyzed by Cox proportional hazards model. P < 0.05 was considered significant


Table 4Univariate and multivariate Cox proportional hazards model analysis for disease-free survival


	Characteristics
	Univariate analysis
	Multivariate analysis

	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age
	 	 	0.050
	 	 	 
	  ≤ 57
	1.000
	Reference
	 	 	 	 
	 >57
	1.323
	1.000–1.751
	 	 	 	 
	Gender
	 	 	0.021
	 	 	0.008

	 Male
	1.000
	Reference
	 	1.000
	Reference
	 
	 Female
	0.704
	0.522–0.948
	 	0.664
	0.491–0.898
	 
	Smoking history
	 	 	0.270
	 	 	 
	 Y
	1.000
	Reference
	 	 	 	 
	 N
	0.856
	0.649–1.128
	 	 	 	 
	Stage
	 	 	<0.001
	 	 	0.001

	 I-II
	1.000
	Reference
	 	1.000
	Reference
	 
	 IIIA
	4.100
	3.132–5.367
	 	2.367
	1.433–3.909
	 
	Pathological tumor
	 	 	 	 	 	 
	Classification (pT)
	 	 	0.001
	 	 	0.577

	 pT1–2
	1.000
	Reference
	 	1.000
	Reference
	 
	 pT3–4
	1.726
	1.234–2.415
	 	1.124
	0.746–1.694
	 
	Pathological lymph node
	 	 	 	 	 	 
	stage (pN)
	 	 	<0.001
	 	 	<0.001

	 pN0
	1.000
	Reference
	 	1.000
	Reference
	 
	 pN1–2
	4.507
	3.368–6.032
	 	5.174
	3.122–8.575
	 
	Histological type
	 	 	0.248
	 	 	 
	 Squamous cell carcinoma
	1.000
	Reference
	 	 	 	 
	 Adenocarcinoma
	0.902
	0.677–1.203
	 	 	 	 
	 Large cell carcinoma
	1.315
	0.815–2.122
	 	 	 	 
	Surgery type
	 	 	<0.001
	 	 	0.082

	 Lobectomy
	1.000
	Reference
	 	1.000
	Reference
	 
	 Pneumonectomy
	2.874
	2.166–3.814
	 	1.392
	0.915–2.118
	 
	 Other
	2.173
	1.341–3.519
	 	0.827
	0.472–1.449
	 
	Adjuvant chemotherapy
	 	 	<0.001
	 	 	<0.001

	 Y
	1.000
	Reference
	 	1.000
	Reference
	 
	 N
	2.605
	1.960–3.462
	 	3.050
	1.723–5.397
	 
	GLU (mmol/L)
	 	 	0.357
	 	 	 
	  ≤ 5.75
	1.000
	Reference
	 	 	 	 
	 >5.75
	0.873
	0.654–1.166
	 	 	 	 
	TC (mmol/L)
	 	 	0.779
	 	 	 
	  ≤ 4.59
	1.000
	Reference
	 	 	 	 
	 >4.59
	0.962
	0.733–1.263
	 	 	 	 
	TG (mmol/L)
	 	 	<0.001
	 	 	0.002

	  ≤ 1.21
	1.000
	Reference
	 	1.000
	Reference
	 
	 >1.21
	1.876
	1.444–2.436
	 	1.544
	1.177–2.025
	 
	HDL-C (mmol/L)
	 	 	<0.001
	 	 	<0.001

	  ≤ 1.26
	1.000
	Reference
	 	1.000
	Reference
	 
	 >1.26
	0.496
	0.372–0.661
	 	0.593
	0.444–0.793
	 
	LDL-C (mmol/L)
	 	 	0.027
	 	 	0.565

	  ≤ 2.26
	1.000
	Reference
	 	1.000
	Reference
	 
	 >2.26
	1.384
	1.038–1.845
	 	1.091
	0.810–1.470
	 
	ApoA1(g/L)
	 	 	0.390
	 	 	 
	  ≤ 1.21
	1.000
	Reference
	 	 	 	 
	 >1.21
	0.890
	0.682–1.161
	 	 	 	 
	ApoB(g/L)
	 	 	0.126
	 	 	 
	  ≤ 1.15
	1.000
	Reference
	 	 	 	 
	 >1.15
	0.704
	0.449–1.103
	 	 	 	 
	Lpa (mg/L)
	 	 	0.344
	 	 	 
	  ≤ 53
	1.000
	Reference
	 	 	 	 
	 >53
	0.839
	0.582–1.207
	 	 	 	 

Data were analyzed by Cox proportional hazards model. P < 0.05 was considered significant



Discussion
The interaction between lipid imbalance and cancer microenvironment is complex [20]. Abnormal lipid metabolism is related to the formation and development of tumor and possible to become a new target of anti-cancer [21]. Many studies have suggested that lipid molecules and their derivatives are associated with the morbidity and mortality of some cancers, such as the cancer of breast, stomach, colorectal and prostate [7, 15]. However, few studies have investigated the significance of dyslipidemia and lipoprotein metabolism in the prognosis of NSCLC.
In the present analysis, we found that preoperative serum TG and HDL-C can work as independent prognosis factors for DFS and OS in patients succumbed to NSCLC. Besides, patients with relatively high preoperative TG levels (> 1.21 mmol/L) and low preoperative HDL-C levels (≤ 1.26 mmol/L) were associated with shorter OS and DFS. A significant association was confirmed between the decreased preoperative serum TG levels and augmented preoperative serum HDL-C level and the favorable prognosis in patients succumbed to NSCLC.
Of note, the current study first suggested that relatively high preoperative TG levels correlated to poor outcomes in patients with stages I-IIIA NSCLC. Moreover, the present findings are consistent with some previous studies. A meta-analysis of Lin et al. [22] showed even lower serum HDL-C levels in patients succumbed to lung cancer than that of healthy controls, but serum TG levels were much higher. Additionally, some previous studies have indicated that abnormalities in serum lipids and lipoproteins, such as preoperative low levels of TC, HDL-C, ApoA1 or high TG levels, indicated poor prognosis in cancer patients [7, 16, 23, 24]. This study proved that increased preoperative serum HDL-C level could work as a favorable prognostic factor for NSCLC patients, which was consistent with the study of Chi et al. [25] in NSCLC. Furthermore, Khurana et al. [26] reported that statins with anti-lipidemic effects used more than 6 months are a cause of a 55% reduction in the lung cancer risk. This further indicates that a correlation between serum lipids and lung cancer.
The present study suggested that TG and HDL-C are effective pre-treatment biomarkers for predicting prognosis of NSCLC. However, as new indicators for evaluating OS and DFS, the potential mechanism of preoperative serum TG and HDL-C to reflect the survival outcomes of NSCLC is unclear. Only a preliminary interpretation can be given through considering previous studies. Observations to date have shown that oxidative stress and inflammation are closely related to cancer [27]. The mechanism of TG in cancer is that high levels of serum TG can upregulate cell signal pathways (such as MEK/ERK and AKT pathways), which promote the development of oxidative stress, and reactive oxygen species, thereby leading to the proliferation and progression of cancer cells [12, 28, 29]. Zuber et al. [30] found that one genetic locus at 6p22.1 (rs6904596, ZNF184) in humans was associated with both NSCLC and TG. This suggested that genes that affect lipid metabolism may also affect the development and outcome of cancer.
Moreover, abnormal serum cholesterol levels cause immune system disorders, protein dysfunction, and redox disorders [17]. These factors may increase tumor angiogenesis and tumor cell proliferation, and reduce tumor cell apoptosis [31, 32]. HDL-C can abolish cholesterol transport and has anti-inflammatory, antioxidant, and anti-proliferative effects [33]. Therefore, weak serum HDL-C levels may weaken its protective property in cancer initiation, and the disordered cholesterol metabolism by the decreased HDL-C levels may be a cause of cancer progression [9, 34–37]. Besides, tissue growth, including tumor tissue, uses extra cholesterol to support membrane biosynthesis [31]. During the rapid growth of a tumor, the decreased HDL-C levels in the tumor may be due to the increased demand for cholesterol by tumor cells and the decrease of cholesterol efflux [25, 38]. In addition, under a condition of high TG levels, the net movement of TG to HDL-C molecules could increase, and triglycerides-enriched HDL-cholesterol was more easily cleared from the blood, resulting in a decrease in serum HDL-C levels [39]. The low levels of HDL-C not only weakened anti-inflammatory and antioxidant effects, but also reduced the effect of EGFR-TKI treatment, thereby leading to poorer survival outcomes [40, 41]. Collectively, the mechanisms described above seem to partly explain why preoperative serum HDL-C and TG may be the potential indicator to predict prognosis for NSCLC. Although the prognostic values of TG and HDL-C serum levels in NSCLC have been reported previously, the used detection methods, sample size, follow-up and comparison objects for analysis showed great difference. This study represents the first evidence to reveal that high TG level or weak HDL-C levels increased the risk of NSCLC significantly.
Strength and limitations
The current study demonstrated that abnormalities in the serum lipoproteins and lipids were directly associated with the survival outcome of NSCLC patients and the level of preoperative serum HDL-C and TG can be promising biomarkers for the better prognosis of NSCLC patients.
Certainly, some limitations also exist in this study. First, as a retrospective design, this research is vulnerable to bias in data selection and analysis. Second, the sample size is relatively small, especially concerning the patients at stage IIIA or with large-cell lung cancer histological subtypes and the data may not be representative of all patients at these status. Last, the obtained findings still need large-scale prospective studies and clinical trials to verify.
Conclusion
In summary, this study shows that lipid and lipoprotein metabolism abnormalities are associated with the survival outcomes of NSCLC. Preoperative serum HDL-C and TG may be promising biomarkers to predict OS and DFS of patients with NSCLC. Besides, patients with relatively high preoperative TG levels and relatively low preoperative HDL-C levels have poorer OS and DFS. The decreased preoperative TG levels and increased preoperative HDL-C levels were significantly linked to favorable prognosis in patients succumbed to NSCLC. Therefore, serum HDL-C and TG levels are potential clinical prognosis factor for patients succumbed to NSCLC. Furthermore, these findings might assist clinicians in recognizing the patients with the increase risk of NSCLC and establishing a framework for future individualized therapy for patients with NCSLC.
Acknowledgements
None.

Authors’ contributions
Ping Liu designed the current study and amended the paper. Cong Ma was the major writer to test all samples’ index, and conduct statistical analysis. Xiaoyan Wang made critical revision of the manuscript, and created all tables and figures. Jingjing Guo collected the clinical data and followed up the patients. The author(s) read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations
Ethics approval and consent to participate
Ethics committee belonging to Liyuan Hospital affiliated to Tongji Medical College of Huazhong University of Science and Technology (clearance No.2021 IEC A007) ratified this current study, which was implemented with Declaration of Helsinki. Before enrollment in this current study, all participants handed in informed consent.

Consent for publication
All the authors listed have approved the manuscript for publication in Lipids in Health and Disease.

Competing interests
The authors declared no conflict of interests.


References
	1.
Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J Clin. 2021;71(1):7–33. https://​doi.​org/​10.​3322/​caac.​21654.CrossrefPubMed

	2.
Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman J, Chirieac LR, et al. Non-small cell lung Cancer, version 5.2017, NCCN clinical practice guidelines in oncology. Journal of the National Comprehensive Cancer Network : JNCCN. 2017;15(4):504–35. https://​doi.​org/​10.​6004/​jnccn.​2017.​0050.CrossrefPubMed

	3.
Planchard D, Popat S, Kerr K, Novello S, Smit EF, Faivre-Finn C, et al. Metastatic non-small cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2018;29(Supplement_4):iv192–237. https://​doi.​org/​10.​1093/​annonc/​mdy275.CrossrefPubMed

	4.
Miller KD, Nogueira L, Mariotto AB, Rowland JH, Yabroff KR, Alfano CM, et al. Cancer treatment and survivorship statistics, 2019. CA Cancer J Clin. 2019;69(5):363–85. https://​doi.​org/​10.​3322/​caac.​21565.CrossrefPubMed

	5.
Brodowicz T, Ciuleanu T, Crawford J, Filipits M, Fischer JR, Georgoulias V, et al. Third CECOG consensus on the systemic treatment of non-small-cell lung cancer. Ann Oncol. 2012;23(5):1223–9. https://​doi.​org/​10.​1093/​annonc/​mdr381.CrossrefPubMed

	6.
Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin. 2016;66(4):271–89. https://​doi.​org/​10.​3322/​caac.​21349.CrossrefPubMed

	7.
Katzke VA, Sookthai D, Johnson T, Kuhn T, Kaaks R. Blood lipids and lipoproteins in relation to incidence and mortality risks for CVD and cancer in the prospective EPIC-Heidelberg cohort. BMC Med. 2017;15(1):218. https://​doi.​org/​10.​1186/​s12916-017-0976-4.CrossrefPubMedPubMedCentral

	8.
Borgquist S, Butt T, Almgren P, Shiffman D, Stocks T, Orho-Melander M, et al. Apolipoproteins, lipids and risk of cancer. Int J Cancer. 2016;138(11):2648–56. https://​doi.​org/​10.​1002/​ijc.​30013.CrossrefPubMed

	9.
Kucharska-Newton AM, Rosamond WD, Schroeder JC, McNeill AM, Coresh J, Folsom AR, et al. HDL-cholesterol and the incidence of lung cancer in the atherosclerosis risk in communities (ARIC) study. Lung Cancer. 2008;61(3):292–300. https://​doi.​org/​10.​1016/​j.​lungcan.​2008.​01.​015.CrossrefPubMed

	10.
Balaban S, Lee LS, Schreuder M, Hoy AJ. Obesity and cancer progression: is there a role of fatty acid metabolism? Biomed Res Int. 2015;2015:274585–17. https://​doi.​org/​10.​1155/​2015/​274585.CrossrefPubMedPubMedCentral

	11.
Gong Y, Dou LJ, Liang J. Link between obesity and cancer: role of triglyceride/free fatty acid cycling. Eur Rev Med Pharmacol Sci. 2014;18(19):2808–20.PubMed

	12.
Borena W, Stocks T, Jonsson H, Strohmaier S, Nagel G, Bjorge T, et al. Serum triglycerides and cancer risk in the metabolic syndrome and cancer (me-can) collaborative study. Cancer Causes Control. 2011;22(2):291–9. https://​doi.​org/​10.​1007/​s10552-010-9697-0.CrossrefPubMed

	13.
Otani T, Iwasaki M, Ikeda S, Kozu T, Saito H, Mutoh M, et al. Serum triglycerides and colorectal adenoma in a case-control study among cancer screening examinees (Japan). Cancer Causes Control. 2006;17(10):1245–52. https://​doi.​org/​10.​1007/​s10552-006-0065-z.CrossrefPubMed

	14.
Simons K, Ehehalt R. Cholesterol, lipid rafts, and disease. J Clin Invest. 2002;110(5):597–603. https://​doi.​org/​10.​1172/​JCI16390.CrossrefPubMedPubMedCentral

	15.
McGrowder D, Riley C, Morrison EY, Gordon L. The role of high-density lipoproteins in reducing the risk of vascular diseases, neurogenerative disorders, and cancer. Cholesterol. 2011;2011:496925–9. https://​doi.​org/​10.​1155/​2011/​496925.CrossrefPubMed

	16.
Zhou P, Li B, Liu B, Chen T, Xiao J. Prognostic role of serum total cholesterol and high-density lipoprotein cholesterol in cancer survivors: a systematic review and meta-analysis. Clin Chim Acta. 2018;477:94–104. https://​doi.​org/​10.​1016/​j.​cca.​2017.​11.​039.CrossrefPubMed

	17.
Radisauskas R, Kuzmickiene I, Milinaviciene E, Everatt R. Hypertension, serum lipids and cancer risk: a review of epidemiological evidence. Medicina. 2016;52(2):89–98. https://​doi.​org/​10.​1016/​j.​medici.​2016.​03.​002.CrossrefPubMed

	18.
Sirnio P, Vayrynen JP, Klintrup K, Makela J, Makinen MJ, Karttunen TJ, et al. Decreased serum apolipoprotein A1 levels are associated with poor survival and systemic inflammatory response in colorectal cancer. Sci Rep. 2017;7(1):5374. https://​doi.​org/​10.​1038/​s41598-017-05415-9.CrossrefPubMedPubMedCentral

	19.
Li X, Tang H, Wang J, Xie X, Liu P, Kong Y, et al. The effect of preoperative serum triglycerides and high-density lipoprotein-cholesterol levels on the prognosis of breast cancer. Breast. 2017;32:1–6. https://​doi.​org/​10.​1016/​j.​breast.​2016.​11.​024.CrossrefPubMed

	20.
Giovannucci E, Michaud D. The role of obesity and related metabolic disturbances in cancers of the colon, prostate, and pancreas. Gastroenterology. 2007;132(6):2208–25. https://​doi.​org/​10.​1053/​j.​gastro.​2007.​03.​050.CrossrefPubMed

	21.
Liu Q, Luo Q, Halim A, Song G. Targeting lipid metabolism of cancer cells: a promising therapeutic strategy for cancer. Cancer Lett. 2017;401:39–45. https://​doi.​org/​10.​1016/​j.​canlet.​2017.​05.​002.CrossrefPubMed

	22.
Lin X, Lu L, Liu L, Wei S, He Y, Chang J, et al. Blood lipids profile and lung cancer risk in a meta-analysis of prospective cohort studies. J Clin Lipidol. 2017;11(4):1073–81. https://​doi.​org/​10.​1016/​j.​jacl.​2017.​05.​004.CrossrefPubMed

	23.
Cheng T, Dai X, Zhou D-L, Lv Y, Miao L-Y. Correlation of apolipoprotein A-I kinetics with survival and response to first-line platinum-based chemotherapy in advanced non-small cell lung cancer. Med Oncol. 2014;32(1). https://​doi.​org/​10.​1007/​s12032-014-0407-8.

	24.
Sok M, Ravnik J, Ravnik M. Preoperative total serum cholesterol as a prognostic factor for survival in patients with resectable non-small-cell lung cancer. Wien Klin Wochenschr. 2009;121(9–10):314–7. https://​doi.​org/​10.​1007/​s00508-009-1169-8.CrossrefPubMed

	25.
Chi PD, Liu W, Chen H, Zhang JP, Lin Y, Zheng X, et al. High-density lipoprotein cholesterol is a favorable prognostic factor and negatively correlated with C-reactive protein level in non-small cell lung carcinoma. PLoS One. 2014;9(3):e91080. https://​doi.​org/​10.​1371/​journal.​pone.​0091080.CrossrefPubMedPubMedCentral

	26.
Khurana V, Bejjanki HR, Caldito G, Owens MW. Statins reduce the risk of lung cancer in humans: a large case-control study of US veterans. Chest. 2007;131(5):1282–8. https://​doi.​org/​10.​1378/​chest.​06-0931.CrossrefPubMed

	27.
Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress, inflammation, and cancer: how are they linked? Free Radic Biol Med. 2010;49(11):1603–16. https://​doi.​org/​10.​1016/​j.​freeradbiomed.​2010.​09.​006.CrossrefPubMedPubMedCentral

	28.
Arthur R, Moller H, Garmo H, Holmberg L, Stattin P, Malmstrom H, et al. Association between baseline serum glucose, triglycerides and total cholesterol, and prostate cancer risk categories. Cancer Med. 2016;5(6):1307–18. https://​doi.​org/​10.​1002/​cam4.​665.CrossrefPubMedPubMedCentral

	29.
Cowey S, Hardy RW. The metabolic syndrome: a high-risk state for cancer? Am J Pathol. 2006;169(5):1505–22. https://​doi.​org/​10.​2353/​ajpath.​2006.​051090.CrossrefPubMedPubMedCentral

	30.
Zuber V, Marconett CN, Shi J, Hua X, Wheeler W, Yang C, et al. Pleiotropic analysis of lung cancer and blood triglycerides. J Natl Cancer Institute. 2016;108(12). https://​doi.​org/​10.​1093/​jnci/​djw167.

	31.
Kuzu OF, Noory MA, Robertson GP. The role of cholesterol in Cancer. Cancer Res. 2016;76(8):2063–70. https://​doi.​org/​10.​1158/​0008-5472.​CAN-15-2613.CrossrefPubMedPubMedCentral

	32.
Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, Virtamo J, et al. Prediagnostic total and high-density lipoprotein cholesterol and risk of cancer. Cancer Epidemiol Biomarkers Prev. 2009;18(11):2814–21. https://​doi.​org/​10.​1158/​1055-9965.​EPI-08-1248.CrossrefPubMedPubMedCentral

	33.
Mangaraj M, Nanda R, Panda S, Apolipoprotein A-I. A molecule of diverse function. Indian J Clin Biochem. 2016;31(3):253–9. https://​doi.​org/​10.​1007/​s12291-015-0513-1.CrossrefPubMed

	34.
Lv Y, Ding XS, Li Y, An X, Miao LY. High BMI and low HDL-C predict the chemotherapy-related hepatic dysfunction in Chinese advanced NSCLC patients. Cancer Biomarkers. 2016;16(1):89–97. https://​doi.​org/​10.​3233/​CBM-150544.CrossrefPubMed

	35.
Holven KB, Retterstol K, Ueland T, Ulven SM, Nenseter MS, Sandvik M, et al. Subjects with low plasma HDL cholesterol levels are characterized by an inflammatory and oxidative phenotype. PLoS One. 2013;8(11):e78241. https://​doi.​org/​10.​1371/​journal.​pone.​0078241.CrossrefPubMedPubMedCentral

	36.
Soran H, Hama S, Yadav R, Durrington PN. HDL functionality. Curr Opin Lipidol. 2012;23(4):353–66. https://​doi.​org/​10.​1097/​MOL.​0b013e328355ca25​.CrossrefPubMed

	37.
von Eckardstein A, Hersberger M, Rohrer L. Current understanding of the metabolism and biological actions of HDL. Curr Opin Clini Nutr Metab care. 2005;8(2):147–52. https://​doi.​org/​10.​1097/​00075197-200503000-00007.Crossref

	38.
Cruz PM, Mo H, McConathy WJ, Sabnis N, Lacko AG. The role of cholesterol metabolism and cholesterol transport in carcinogenesis: a review of scientific findings, relevant to future cancer therapeutics. Front Pharmacol. 2013;4:119. https://​doi.​org/​10.​3389/​fphar.​2013.​00119.CrossrefPubMedPubMedCentral

	39.
Lamarche B, Rashid S, Lewis GF. HDL metabolism in hypertriglyceridemic states: an overview. Clinica chimica acta; international journal of clinical chemistry. 1999;286(1–2):145–61.

	40.
Chen Q, Pan Z, Zhao M, Wang Q, Qiao C, Miao L, et al. High cholesterol in lipid rafts reduces the sensitivity to EGFR-TKI therapy in non-small cell lung cancer. J Cell Physiol. 2018;233(9):6722–32. https://​doi.​org/​10.​1002/​jcp.​26351.CrossrefPubMed

	41.
Lv Y, Miao LY, Chen QF, Li Y, Shi ZX, Ding XS. Monitoring of high-density lipoprotein cholesterol level is predictive of EGFR mutation and efficacy of EGFR-TKI in patients with advanced lung adenocarcinoma. OncoTargets Ther. 2016;9:461–8. https://​doi.​org/​10.​2147/​OTT.​S96199.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12944_2021_1492_Fig2_HTML.png
Overall Survival

Overall Survival

1.0
084
0.6
0.4+
TG
0.2
~TG=1.21mmol/L
TG >1.21mmol/L
—+TG=1.21mmol/L-censored
oo TG 1 21mmolt-cansored P<0.001
T T T T T T
0 200 400 600 800 1000
Time(month)
1.0
0.8+
0.6
0.4+
HDL-C
021
—HDL-C<1.26mmol/L
—ITHDL-C >1.26mmoliL
—+HDL-C=<1.26mmol/L-censored
4o TFHDLC> 1.26mmoli-censored P<0.001
T T T T T T
0 200 400 60.0 80.0 1000

Time(month)

Disease-free Survival

Disease-free Survival

084
06
04
02 TG
~1TG=<1.21mmol/lL
~ITG >1.21mmol/L
—+—TG=<1.21mmol/L-censored
0o T TG>121mmoliL-censored P <0001
T T T T T T
0 200 400 600 800 1000
Time(month)
1.0
05
064
04
024 HDL-C
~ITHDL-C<1.26mmol/L
~ITHDL-C > 1.26mmol/L
—+—HDL-C<1.26mmol/L-censored
00 —HHDLC>1.26mmollL-censored P<0.001
T T T T T T
0 200 400 600 800 1000
Time(month)






OEBPS/navigation.xhtml

    
      Contents


      
        		Prognostic significance of preoperative serum triglycerides and high-density lipoproteins cholesterol in patients with non-small cell lung cancer: a retrospective study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12944_2021_1492_Fig1_HTML.png
Sensitivity

ROC curve

TG, AUC=0.637

T T T
02 04 06

1 - Specificity

08

Sensitivity

ROC curve
10
HDL-C, AUC=0.645

0.8

067

04

0.2

00 T T T T

0.0 02 04 06 08

1 - Specificity






OEBPS/css/sidebar.gif





