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Abstract

Background: The prognosis of upper tract urothelial carcinoma 
(UTUC) varies, with T3/T4 UTUC having less than 50% 5-year 
survival post-radical nephroureterectomy (RNU). Lipid profiles in-
cluding cholesterol (CHOL), low-density lipoprotein (LDL), and 
triglycerides (TGs), and high-density lipoprotein (HDL) have shown 
correlations with oncologic outcomes in various cancers. We aimed to 
investigate the prognostic significance of the lipid profiles in UTUC 
patients who had received RNU.

Methods: In this retrospective study, a total of 217 UTUC patients 
who underwent RNU were analyzed. Prognostic factors for overall 
survival (OS), cancer-specific survival (CSS), and progression-free 
survival (PFS) were assessed using Cox proportional hazards regres-
sion model and competing risk analysis.

Results: The median follow-up duration was 2.36 years. Fifty-one 
(23.50%) of the patients experienced tumor progression, 16 (7.37%) 
died from UTUC, and 41 (18.89%) died from all causes during the 
follow-up period. Multivariate analysis revealed that elevated CHOL, 
low HDL, and elevated TG were linked to worse OS (P = 0.0188, 
0.0002, and 0.0001, respectively). Higher CHOL, LDL, and TG, as 

well as lower HDL significantly affected PFS (P < 0.001 for all), 
and elevated CHOL and TG were associated with poorer CSS (P = 
0.0033 and 0.0179). A competing risk model indicated that elevated 
LDL increased the risk of cancer progression (P = 0.407), with CHOL 
increasing the risk of UTUC-specific mortality (P = 0.0162). Limita-
tions include retrospective design, limited, single-time sampling and 
relatively small sample size.

Conclusions: Lipid profiles were identified as prognostic indicators 
for UTUC patients post-RNU. It highlights the potential importance 
of lipid management in improving tumor-related outcomes.

Keywords: Upper tract urothelial carcinoma; Radical nephroureter-
ectomy; Lipid profiles; Cholesterol; High-density lipoprotein; Low-
density lipoprotein; Triacylglycerols; Prognosis

Introduction

Upper tract urothelial carcinoma (UTUC), occurring in renal 
pelvis and ureter, is a type of uncommon tumor, which accounts 
for only 5-10% of the total urothelial carcinoma in Western so-
ciety [1]. However, the proportion of UTUC in Taiwan is about 
40% of overall urothelial carcinoma [2]. Even if receiving radi-
cal nephroureterectomy (RNU), the standard treatment for high 
risk localized UTUC [3], the 5-year-specific survival is less than 
50% in patients with T3/T4 UTUC [4]. Preoperative prognostic 
factors are employed to categorize patients into low- and high-
risk groups. The prognostic factors affecting risk stratification 
included tumor location, multifocality, tumor size, hydrone-
phrosis, grade, local invasion, and variant histology [3]. Several 
serum blood-based biomarkers such as high C-reactive protein, 
high fibrinogen, altered renal function had also been associated 
with cancer-specific mortality [3]. Previous research has report-
ed that obesity and higher body mass index (BMI) adversely 
influence cancer-specific outcomes in patients who underwent 
RNU [5], but no further research has focused on serum lipid 
profiles as the prognostic factors of UTUC.

In the recent decade, altered lipid metabolism of cancer 
cells have been recognized as essential mechanism of malignant 
transformation in many different cancers [6]. Several pre-clini-
cal and clinical studies had demonstrated that lipid metabolism 
had been linked to prognosis and therapeutic outcome in various 

Manuscript submitted December 24, 2023, accepted February 17, 2024
Published online March 21, 2024

aSchool of Post Baccalaureate Medicine, College of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan, Republic of China
bDepartment of Urology, Kaohsiung Medical University Hospital, Kaohsiung, 
Taiwan, Republic of China
cDepartment of Urology, School of Medicine, College of Medicine, Kaohsi-
ung Medical University, Kaohsiung, Taiwan, Republic of China
dGraduate Institute of Clinical Medicine, College of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan, Republic of China
eDepartment of Urology, Kaohsiung Medical University Gang-Shan Hospital, 
Kaohsiung, Taiwan, Republic of China
fDepartment of Urology, Ministry of Health and Welfare Pingtung Hospital, 
Pingtung, Taiwan, Republic of China
gDepartment of Urology, Kaohsiung Municipal Ta-Tung Hospital, Kaohsiung, 
Taiwan, Republic of China
hCorresponding Author: Hsiang-Ying Lee, Department of Urology, Kaohsiung 
Medical University Hospital, Kaohsiung, Taiwan, Republic of China. 
Email: ashum1009@hotmail.com

doi: https://doi.org/10.14740/wjon1800

https://crossmark.crossref.org/dialog/?doi=10.14740/wjon1800&domain=pdf&date_stamp=2024-02-27


Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org288

Lipid Impact on Upper Tract Urothelial Carcinoma World J Oncol. 2024;15(2):287-297

cancers [7]. To meet the demands of rapid growth and prolifera-
tion, cancer cells undergo metabolic reprogramming, including 
fatty acid oxidation, which is linked to tumor progression [8]. 
Lipids impact cell metabolism not just through energy but also 
as essential signaling molecules and major components of cell 
membranes. Cholesterol (CHOL), a key membrane constituent, 
may closely associate with membrane receptors, directly initi-
ating oncogenic signaling [9]. Moreover, changes in lipid rafts 
which are CHOL-rich lipid domain within cell membrane have 
been revealed to affect cancer progression and invasion [9].

In daily clinical practice, lipid profiles are often comprised 
of serum level of CHOL, high-density lipoprotein (HDL), low-
density lipoprotein (LDL) and triacylglycerols (TGs). Elevated 
LDL levels have been shown to have a positive correlation with 
an increased risk of lymph node metastasis in breast cancer [10]. 
Likewise, in patients with colorectal cancer, elevated HDL lev-
els were positively linked to improved overall survival (OS) and 
disease-free survival [11]. Furthermore, an increase in CHOL 
levels also increases the incidence of metastasis in patients with 
early gastric cancer or non-small cell lung cancer [12, 13]. Few 
research elucidated the prognostic role of lipid profile in the pa-
tients with UTUC [14, 15]. Therefore, we aimed to investigate 
if the serum lipid profiles, including CHOL, HDL, LDL and TG 
have an impact on the prognosis of UTUC.

Materials and Methods

Study and population

We conducted a retrospective review of the records of patients 
diagnosed with UTUC between January 2008 and December 
2022. We first enrolled 375 patients with UTUC and com-
pleted data of lipid profiles. We excluded 114 patients who 
only underwent kidney-sparing surgery. Then, 44 patients with 
incomplete demographic or clinical information were also ex-
cluded. A total of 217 patients who underwent RNU for UTUC 
were included in the analysis. Demographic information and 
comorbidity data were retrospectively obtained from prospec-
tively documented medical records and structured admission 
sheets. This study was approved by our Institutional Review 
Board (KMUHIRB-E(I)-20180214) and conducted in compli-
ance with the ethical standards of the responsible institution on 
human subjects as well as with the Helsinki Declaration.

Clinical information

The subsequent fundamental demographic information was col-
lected and examined: age, gender, smoking status, Charlson Co-
morbidity Index (CCI), CHOL, HDL, LDL, TG, BMI, initial tu-
mor T stage, nodal status, metastasis status, tumor grade, focality, 
tumor size, squamous differentiation, resection margin, and adju-
vant therapy, as well as details regarding oncologic outcomes. Li-
pid profiles were tested during the confirmation of UTUC diag-
nosis and the perioperative period, potentially due to pre-existing 
hyperlipidemia, meeting other criteria for metabolic syndrome, 
or as part of examinations for relevant internal medicine disease.

Postoperative follow-up

Retrospective documentation was conducted to record clin-
icopathological data. Tumor grade was determined utilizing 
the 2004 World Health Organization (WHO) classification. 
TNM staging was defined based on the 2010 American Joint 
Committee on Cancer classification. Postoperative follow-
up procedures consisted of thorough medical history assess-
ments, physical examinations, urine cytology, urinalysis, and 
cystoscopy every 3 months for the initial 2 years, and every 6 
months thereafter until 5 years, and then yearly. Imaging stud-
ies, including abdominal computed tomography or magnetic 
resonance imaging of the abdomen, were performed every 
6 months for 2 years, and then yearly during follow-up or 
when clinically necessary. Patients were monitored through 
hospital outpatient appointments, and the last follow-up visit 
was documented as of March 16, 2023, to confirm the final 
status of the study participants and exclude individuals who 
could not be contacted. UTUC progression was defined as 
any recurrence in the regional lymph nodes, operative field, 
or distant metastasis.

Statistical analyses

Continuous variables were subjected to analysis using t-test or 
Mann-Whitney U test, while categorical variables were evalu-
ated using χ2 or Fisher’s exact tests. The median (Q1 - Q3) was 
used to present continuous data. The following cut-off values 
based on the 2022 Taiwan lipid guideline for primary preven-
tion were employed to classify continuous variables: 200 mg/
dL, 150 mg/dL, 40 mg/dL for men (50 mg/dL for women), as 
well as 130 mg/dL for CHOL, TG, HDL, and LDL, respec-
tively [16]. Prognostic factors for OS, progression-free sur-
vival (PFS), and cancer-specific survival (CSS) were assessed 
through both univariate and multivariate analyses, utilizing a 
Cox proportional hazards regression model and the Kaplan-
Meier method. The adjusted hazard ratio (HR) represents the 
adjustment of selected covariates in the multivariate Cox re-
gression model. Considering that other causes of death may act 
as competing risks for PFS and CSS, a competing risk analysis 
was conducted using the cumulative incidence function and the 
Fine-Gray subdistribution hazard model. All statistical analy-
ses were performed using SAS, version 9.4 (SAS Institute Inc., 
Cary, NC, USA), with a significance level set at P < 0.05.

Results

Clinicopathological characteristics of patients

We included 217 patients, 98 male and 119 female, who under-
went RNU for UTUC in the present study. The median age was 
71 years. Median follow-up duration was 2.36 years (range: 
0.79 - 4.67). The demographic characteristics of the study par-
ticipants are summarized in Table 1. In terms of pathological 
tumor stage, the distribution was 106 (48.85%) for pTa/Tis/
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Table 1.  Clinical Characteristic of UTUC Patients Receiving RNU

Variables Number of patients (%) (n = 217) Median (Q1 - Q3)
Age 71 (63 - 76)
Gender
  Male 98 (45.16)
  Female 119 (54.84)
BMI 24.3 (21.92 - 26.93)
CCI 5 (4 - 6)
Smoking
  Yes 37 (17.05)
  No 180 (82.95)
DM
  Yes 83 (38.25)
  No 134 (61.75)
Hypertension
  Yes 177 (81.57)
  No 40 (18.43)
Grade
  Low 25 (11.52)
  High 192 (88.48)
T stage
  Tis/Ta/T1 106 (48.85)
  T2/T3/T4 111 (51.15)
Nodal status
  N0/Nx 207 (95.39)
  N1/N2 10 (4.61)
Initial metastasis
  Yes 5 (2.3)
  No 212 (97.7)
Multifocality
  Yes 34 (15.67) 
  No 183 (84.33)
Size
  < 3cm 97 (44.7)
  ≥ 3cm 120 (55.3)
Squamous differentiation
  Yes 5 (2.3)
  No 212 (97.7)
Free resection margin
  Yes 208 (95.85)
  No 9 (4.15)
Adjuvant therapy
  Yes 44 (20.28)
  No 173 (79.72)
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T1, and 111 (51.15%) for high stage (≥ pT2). Out of these 217 
patients, 10 patients had lymph node invasion and five patients 
had distant metastasis at the time of diagnosis. Approximately 
88% of the patients were diagnosed with a high-grade disorder. 
Around 15% of the patients had initial multifocal disease status.

Lipid distribution and survival

The distribution of the patients’ lipid and other clinical char-
acteristics are also shown in Table 1. We divided each lipid 
parameter into categorical variables based on the 2022 Taiwan 
lipid guideline for primary prevention [16]. Regarding the 
patients’ oncologic outcome, 51 (23.50%) of patients experi-
enced tumor progression, 16 (7.37%) patients died of UTUC, 
and 41 (18.89%) died of all caused during follow-up (Table 2). 
The Kaplan-Meier analysis and log rank test was performed to 

compare the difference in OS, PFS and CSS associated with 
lipid level.

The results showed significant worse OS in elevated TG, 
CHOL, and low HDL (P < 0.05) (Fig. 1). Significant worse 
PFS was presented in patients with elevated CHOL, LDL, 
TG, and low HDL (P < 0.05) (Fig. 2). As for CSS, elevated 
CHOL and TG had significant worse outcome (P < 0.05) 
(Fig. 3).

Cox regression analysis and competing risk approach

In the univariate standard Cox regression analysis, we ob-
served significant impacts on oncologic outcomes related to 
age, male gender, smoking history, CCI, T stage, nodal status, 
distant metastasis, large tumor size, positive resection margin, 
and the receipt of adjuvant therapy (Table 3). In the multivari-
ate analysis, age, male gender, T stage, and large tumor size 
were found to significantly impact OS. PFS was significantly 
influenced by age, male gender, T stage, multifocality, large 
tumor size, and the receipt of adjuvant therapy. Male gender, 
metastasis, multifocality, and positive resection margin were 
significantly associated with worse CSS (Table 3).

The associations between lipid profiles and survival out-
comes are shown in Table 4. We included all clinical informa-
tion factors in the multivariate analysis. After adjusting these 
factors, elevated CHOL, reduced HDL, TG had worse OS (P = 
0.0188, 0.0002, 0.0001, respectively). The result also showed 
elevated CHOL, reduced HDL, LDL, TG and had impact on 
PFS (P = 0.0017, 0.0001, 0.0004, 0.0006, respectively), and 
that elevated CHOL, TG had worse CSS (P = 0.0033 and 
0.0179, respectively) (Table 4).

Throughout the follow-up period, it is possible for pa-
tients to experience death from causes unrelated to UTUC 
progression or UTUC-specific mortality. In order to assess the 
prognostic significance of the lipid profiles in UTUC with pre-
cision, a competing risk model was utilized (Table 5). In uni-

Table 2.  Oncologic Outcomes of UTUC Patients Receiving 
RNU

Variables Number of patients (%)
Total 217
Progression
  Yes 51 (23.5%)
  No 166 (76.5%)
Died of disease
  Yes 16 (7.37%)
  No 201 (92.63%)
All-caused death
  Yes 41 (18.89%)
  No 176 (81.11%)

UTUC: upper tract urothelial carcinoma; RNU: radical nephroureterec-
tomy.

Variables Number of patients (%) (n = 217) Median (Q1 - Q3)
CHOL 170 (144 - 193)
  < 200 177 (81.57)
  ≥ 200 40 (18.43)
HDL 43.8 (35.7 - 56.4)
  < 40 (men), < 50 (female) 107 (49.31)
  ≥ 40 (men), ≥ 50 (female) 110 (50.69)
LDL 93.6 (75.3 - 114)
  < 130 185 (85.25)
  ≥ 130 32 (14.75)
TG 103 (78 - 150)
  < 150 162 (74.65)
  ≥ 150 55 (25.35)

RNU: radical nephroureterectomy; UTUC: upper tract urothelial carcinoma; BMI: body mass index; CCI: Charlson Comorbidity Index; DM: diabetes 
mellitus; CHOL: cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triacylglycerol.

Table 1.  Clinical Characteristic of UTUC Patients Receiving RNU - (continued)
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variate analysis, elevated CHOL showed significantly worse 
PFS and CSS (P = 0.0006 and 0.0017, respectively), while el-
evated LDL was associated with significantly worse PFS (P = 
0.0001) (Table 5). Moreover, after adjusting all clinical infor-
mation factors, the multivariate analysis demonstrated patients 
with elevated LDL had a 2.479-fold increased risk of cancer 
progression. Patients with elevated CHOL also had a 13.248-
fold increased risk of died of UTUC (Table 5).

Discussion

In this study, we examined the link between dyslipidemia and 
clinical outcomes in UTUC patients. TG and CHOL are trans-
ported via lipoproteins categorized by size, density, and associ-
ated apolipoproteins [6]. The correlation between the prognos-
tic value of serum lipid levels, such as CHOL, TG, HDL, LDL, 
and cancer is a subject of particular interest, but with limited 
clinical reporting available in UTUC [6, 17]. Apart from the 
prognostic value of lipid profiles, the association between se-
rum lipid profiles level and urological cancer risk has sparked 
debate. There is evidence to suggest that elevated levels of se-
rum LDL are causally linked to an increased risk of renal can-
cer, independent of TG and HDL levels [18]. Recent findings 
showed a significant positive association between dyslipidem-
ia (elevated TG and decreased HDL) and ureteral cancer (odds 

ratio (OR) = 1.69; confidence interval (CI) = 1.51 - 1.90; P < 
0.05) as well as bladder cancer (OR = 1.55; CI = 1.50 - 1.60; P 
< 0.05) [19]. The other comprehensive study called the Meta-
bolic Syndrome and Cancer Project (Me-Can) 2.0 discovered 
a clear positive correlation between high CHOL levels and the 
risk of non-muscle invasive bladder cancer among men [20]. 
Hypercholesterolemia has been associated with an augmented 
risk to various types of cancer, such as breast, prostate, colon, 
ovarian, liver, melanoma, and lung, through diverse mecha-
nisms [9]. However, a dose-response meta-analysis suggests 
that high CHOL levels are associated with a reduced risk of 
cancer, but no specific cancer subtypes analysis was performed 
[21]. To the best of our knowledge, this is the first research 
committed to the prognostic value of lipid profiles in UTUC 
patient.

In the present study, we recognized elevated levels of 
CHOL and LDL have impact on the prognosis of patients with 
UTUC, which worsened OS, PFS and CSS in multivariate Cox 
regression analysis. The adverse impact of elevated CHOL on 
CSS and elevated LDL on PFS is further corroborated by the 
competing risk approach analysis. Several studies had revealed 
the correlation of hypercholesterolemia with the prognosis of 
breast cancer, prostate cancer, gastric cancer, lung cancer and 
ovarian cancer [7, 12, 13]. A growing body of evidence sug-
gests that dysregulated CHOL metabolism contributes to can-
cer development by the function of immune cells [17]. T-cell 

Figure 1. Elevated TG, CHOL, and reduced HDL had significant worse OS as revealed by Kaplan-Meier analysis and log-rank 
test (P < 0.05). TG: triacylglycerol; CHOL: cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; OS: overall 
survival.
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receptors are situated in the lipid rafts of the cell membrane, 
and these structures can be impacted by CHOL homeostasis 
[17], thereby influencing T-cell function and further hinder-
ing the antitumor function of T cells [22]. High CHOL levels 
can also activate oncogenic pathways, such as the Hedgehog 
pathway, involved in tumor stem cell survival, proliferation, 
and migration [6]. By promoting cancer stemness via CD36/
JAK2/STAT3 axis, oxidized LDL is thought to link hyper-
cholesterolemia with cancer progression in urothelial blad-
der carcinoma [23]. However, the role of the level of serum 
CHOL is still under debate. A meta-analysis indicated that 
higher CHOL levels before diagnosis were associated with 
better OS (HR: 0.82, 95% CI: 0.75 - 0.90) and disease-free 
survival (HR: 0.920, 95% CI: 0.849 - 0.997) in several types 
of cancer, but no UTUC or urothelial bladder cancer was in-
cluded in this study [24].

Despite a meta-analysis comprising 25 studies involving 
a total of 13,140 patients and 12 different types of cancer 
revealing a positive correlation between high HDL levels and 
improved OS and PFS in most tumor types [25], it is still un-
clear whether such relation exists in UTUC. In our study, we 
found low HDL is an independent negative prognostic factor 
on OS and PFS of the patients with UTUC. Xu et al found 
that low HDL was significantly associated with adverse 
pathological features and worse OS and CSS of patients with 

UTUC in univariable Cox regression analyses (all P < 0.05) 
[14]. However, serum low HDL level had no statistical effect 
on OS and CSS in a Chinese cohort with UTUC treated by 
RNU [15].

HDL is widely recognized for its crucial role in reverse 
CHOL transport. In one recent research, the results of the 
multivariate analyses revealed a significant association be-
tween higher HDL levels and improved OS (HR = 0.32; P = 
0.013), as well as CSS in patients with renal cell carcinoma 
(HR = 0.42; P = 0.048) [26]. The proposed mechanism sug-
gests that HDL may inhibit the synthesis of tumor cell mem-
branes by removing CHOL from membrane lipid rafts [26]. 
HDL can also influence various pathways such as oxidation, 
inflammation, and apoptosis, which may also be relevant to 
cancer biology [6]. The ability of HDL to restrict the forma-
tion of oxidized LDL has been linked to its anti-oxidative 
properties [27]. Additionally, HDL exhibits an anti-apoptotic 
effect by promoting the upregulation of the anti-apoptotic 
Bcl-2 protein Bcl-xL [28]. These diverse activities of HDLs 
contribute to their overall anti-tumorigenic effects.

We also found the relation of hypertriglyceridemia and 
the oncologic outcome of UTUC. Elevated TG results in 
significantly worse OS, CSS and OS in multivariate Cox re-
gression analysis, but without significancy in competing risk 
approach. Recent research had demonstrated that the poor 

Figure 2. Elevated CHOL, LDL, TG and reduced HDL were associated with significantly worse PFS, as indicated by Kaplan-Mei-
er analysis and log-rank test (P < 0.05). TG: triacylglycerol; CHOL: cholesterol; HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; PFS: progression-free survival.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org 293

Tu et al World J Oncol. 2024;15(2):287-297

prognosis of various types of cancer including colorectal, 
lung, cervical and breast cancer was correlated with elevated 
TG levels [17]. Additionally, lipid metabolism adapts to the 
high energy needs of tumor cells. In a study of lipidomic pro-
files in bladder cancer, patients with bladder cancer showed 
increased expression of peroxisome proliferator-activated 
receptor gamma, a key regulator of lipid production [29]. 
Moreover, high levels of free fatty acids were found to be 
plentiful in tissue of bladder cancer, suggesting that increased 
utilization of TG for the production of these free fatty acids 
[29]. On the other hand, hypertriglyceridemia was found to 
be significantly associated with an increased risk of urothe-
lial bladder carcinoma, with a crude OR of 1.245 (95% CI: 
1.018 - 1.522, P = 0.033) and an adjusted OR of 1.254 (95% 
CI: 1.020 - 1.542, P = 0.032). However, one previous study 
found that the conventional adverse factor of hypertriglyceri-
demia had a positive impact on CSS and OS in patients with 
UTUC [14]. The other study focusing on UTUC demonstrat-
ed that TG had no statistical impact on the patient’s survival 
[15]. While the impact of TG on UTUC prognosis remains 
debated, high TG levels were consistently associated with 
an increased risk of UTUC, including in subgroup analyses 
based on tumor grade and stage [30].

Although this study provides valuable insights into dys-
lipidemia’s impact on UTUC, it does have limitations. First-
ly, this is a retrospective study, potentially leading to patient 

selection bias, and it is challenging to collect comprehensive 
environmental toxin factors-related urothelial carcinoma 
such as traditional Chinese medicine, contaminated water 
sources, hair dyes, and chemical agents. Secondly, although 
plasma lipid extraction followed standard protocols, it was 
based on a single-time sampling, which may not fully repre-
sent the fluctuation of lipid profile. Thirdly, the study had a 
relatively small sample size and lacked detailed medication 
records for lipid-lowering drugs as well as familial genetic 
disorders such as Lynch syndrome. Nonetheless, this is by far 
the largest cohort to investigate the impact of lipid profiles 
on the prognosis of UTUC. As the first and largest cohort to 
identify the poor prognostic factor of lipid concentration, this 
study was strengthened by comprehensively correcting the 
effects of confounding covariates.

Conclusions

In our study, lipid profiles were found to be predictive of the 
prognosis of UTUC patients who underwent RNU. CHOL 
demonstrated consistent effects on OS, PFS, and CSS. HDL, 
LDL, and TG also exhibited varying degrees of impact on OS, 
PFS, or CSS. This study serves as a reminder to clinicians that 
controlling blood lipids may have a beneficial effect on tumor-
related prognosis when managing UTUC patients.

Figure 3. The Kaplan-Meier analysis and log rank test showed significantly worse CSS in elevated TG and CHOL (P < 0.05). 
TG: triacylglycerol; CHOL: cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; CSS: cancer-specific survival.
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Table 4.  Univariate and Multivariate Standard Cox Regression Analysis of Lipid Profiles

Variables

OS PFS
Univariate Multivariate Univariate Multivariate

cHR P 
value aHR P 

value cHR P value aHR P 
value

CHOL 2.241 (1.169 - 4.294) 0.0151 2.652 (1.175 - 5.984) 0.0188 3.395 (1.938 - 5.948) < 0.0001 2.916 (1.493 - 5.694) 0.0017
Low HDL 4.067 (1.797 - 9.208) 0.0008 5.925 (2.323 - 15.11) 0.0002 2.488 (1.343 - 4.609) 0.0038 4.238 (2.043 - 8.791) 0.0001
LDL 1.966 (0.96 - 4.025) 0.0645 1.788 (0.74 - 4.324) 0.1968 4.112 (2.326 - 7.27) < 0.0001 3.492 (1.759 - 6.934) 0.0004
TG 2.689 (1.443 - 5.01) 0.0018 4.322 (2.057 - 9.08) 0.0001 2.05 (1.168 - 3.6) 0.0124 3.014 (1.604 - 5.663) 0.0006

Variables
CSS

Univariate Multivariate
cHR P value aHR P value

CHOL 6.286 (2.235 - 17.682) 0.0005 9.97 (2.147 - 46.304) 0.0033
Low HDL 1.769 (0.603 - 5.19) 0.2991 1.447 (0.311 - 6.728) 0.6372
LDL 3.027 (1.033 - 8.87) 0.0435 1.754 (0.297 - 10.359) 0.5354
TG 3.594 (1.296 - 9.97) 0.014 6.342 (1.374 - 29.277) 0.0179

cHR: crude hazard ratio; aHR: adjusted hazard ratio; OS: overall survival; PFS: progression-free survival; CSS: cancer-specific survival; CHOL: 
cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triacylglycerol.

Table 5.  Competing Risk Analysis of Lipid Profiles

Variables

PFS CSS
Univariate Multivariate Univariate Multivariate

cHR P 
value aHR P 

value cHR P 
value aHR P 

value
CHOL 2.657 (1.525 - 4.629) 0.0006 1.89 (0.82 - 4.36) 0.1353 4.815 (1.801 - 12.871) 0.0017 13.248 (1.612 - 108.882) 0.0162
Low HDL 1.384 (0.749 - 2.556) 0.2995 1.456 (0.702 - 3.018) 0.3126 0.849 (0.304 - 2.377) 0.756 0.478 (0.079 - 2.883) 0.4208
LDL 3.334 (1.831 - 6.071) 0.0001 2.479 (1.039 - 5.913) 0.0407 2.48 (0.847 - 7.258) 0.0974 1.67 (0.166 - 16.839) 0.6638
TG 1.423 (0.828 - 2.448) 0.2019 1.384 (0.72 - 2.659) 0.3298 2.155 (0.823 - 5.642) 0.1178 3.314 (0.968 - 11.352) 0.0564

cHR: crude hazard ratio; aHR: adjusted hazard ratio; PFS: progression-free survival; CSS: cancer-specific survival; CHOL: cholesterol; HDL: high-
density lipoprotein; LDL: low-density lipoprotein; TG: triacylglycerol.
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