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Background: Lipid profile as a prognostic factor in terminal cancer patients is controversial. This study
aimed to provide useful information related to the treatment of patients with terminal cancer by examining
lipid profiles and their association with survival time.

Methods: We retrospectively reviewed the medical records of 428 inpatients who died while receiving
palliative care a university hospital in Daegu during September 2015-September 2020 and then analyzed
differences in survival times and the relative risk associated with lipid profiles.

Results: The mean survival of subjects with low low-density lipoprotein cholesterol (LDL-C) (<130 mg/dL)
was 30.10 days, which was significantly shorter than that of subjects without (P<0.001). The mean survival
of subjects with high triglyceride (T'G) levels (=150 mg/dL) was 32.95 days, which was shorter than subject
without (P=0.006). The difference in survival time according to total cholesterol (T'C) and high-density
lipoprotein cholesterol (HDL-C) levels was not statistically significant (P=0.068 and P=0.425, respectively).
Multivariate Cox regression analysis showed that the hazard ratios of low LDL-C levels and high TG levels
in relation to shorter survival times were 4.201 [95% confidence interval (CI), 2.578-6.259] and 1.492 (95%
CI, 1.063-2.195), respectively.

Conclusions: Low LDL-C levels and high TG levels are correlated with survival time. However, a follow-

up study on the lipid profile as a predictor of the survival time of patients with terminal cancer is necessary.
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Introduction patient’s treatment strategy or prognosis in clinical practice

Cancer has a high prevalence and is one of the leading is almost always dependent on the tumor-node-metastasis

causes of death worldwide (1). Accordingly, many (TNM) stage, as determined by imaging tests, such as
advances in cancer treatment have been made including computer tomography and magnetic resonance imaging

chemotherapy and radiation therapy (2). However, the (MRI) (3-5). As TNM staging does not always accurately
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predict the prognosis, it is important to find new biomarkers
that are useful in screening patients who would benefit from
treatment and to predict prognosis (6).

The lipid profile usually includes the levels of total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), triglyceride (T'G), and low-density lipoprotein
cholesterol (LDL-C) (7). Disorders of lipid metabolism are
strongly related to metabolic syndromes, such as obesity,
hypertension, and diabetes mellitus, and dyslipidemia causes
atherosclerosis, which eventually leads to cardiovascular
diseases, such as angina and myocardial infarction, and
cerebrovascular diseases, such as stroke. In addition, the
importance of lipid profiles is currently attracting attention
in various diseases, including cancer (8,9).

Many studies have shown that abnormal lipid metabolism
might be involved in carcinogenesis and cancer prognosis
(3,10,11). In a recent meta-analysis, patients with a higher
TC level before diagnosis had a lower hazard ratio for
overall survival, and patients with higher HDL-C levels
had a reduced risk of death compared with those with
lower HDL-C levels (3). Some studies support a positive
correlation between a high level of TC and the mortality
rate of patients with cancer (12,13), but in contrast, other
studies claim that cholesterol levels and mortality rate
are not related or that they exhibit an inverse association
(14,15). In addition, one retrospective cross-sectional study
reported a significant association between an increased
risk of metastasis and high serum levels of LDL-C (16),
but another study showed that patients with lower LDL-C
levels tended to have a higher risk of malignancy (17).

Since studies on the relationship between cancer and
lipid profiles have often shown conflicting results, further
research is needed (18). Therefore, we aimed to investigate
the relationship between survival time and lipid profile
results, including LDL-C, HDL-C, and TG levels, in
patients with terminal cancer and to confirm whether
serum lipid parameters are suitable as prognostic factors.
We present the following article in accordance with the
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-366/rc).

Methods
Subjects

In total, 2,365 patients with stage 4 cancer who died
after admission to a university hospital in Daegu, South
Korea during September 2015-September 2020 were the
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subjects of this study. The medical records of all subjects
were retrospectively assessed. Patients were included
in this study if all of the following criteria were met: (I)
inpatients who received palliative care; (II) those who
died of cancer; (III) those with availability of lipid profile
results. However, patients with an end-of-life status at
the time of hospitalization, those treated with lipid-
lowering medications, those with uncontrolled blood sugar
(random blood sugar >300 mg/dL) (19), and those with
uncontrolled high blood pressure (hypertensive urgencies or
emergencies) (20) were excluded from this study. Therefore,
428 patients (223 men and 205 women) were included
for the analysis (Figure 1). The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study protocol was approved by the Kyungpook
National University Chilgok Hospital Institutional Review
Board (No. 2021-02-011). The requirement for informed
patient consent was waived because of the retrospective
study design.

Data measurements

Basic patient information, including age, sex, primary
cancer site, presence or absence of metastasis, treatment
history and accompanying chronic diseases, was obtained
from the personal medical history of patients. Lipid profiles
and various laboratory parameters, such as hemoglobin
level, white blood cell (WBC) count, neutrophil and
lymphocyte count and fraction, creatinine level, and
albumin and C-reactive protein (CRP) levels, among
others, were evaluated. The neutrophil-to-lymphocyte ratio
(NLR) was calculated based on the counts of neutrophils
and lymphocytes. Based on previous study findings, the
NLR cutoff value used in this study was set at 4.0, which is
known to affect the survival of patients with cancer (21). In
addition, since the degree of pain and activity are important
factors in determining the condition of patients with
cancer, we obtained this information from a questionnaire
completed by patients and their caregivers. Pain was
measured according to the Numerical Rating Scale (NRS),
and the degree of activity was scored using the Palliative
Performance Scale (PPS). The NRS was used to rate the
degree of pain on a scale of 0 to 10, where 0 indicates no
pain, 1-3 indicates mild pain, 4-6 indicates moderate pain,
and 7-10 indicates severe pain. The PPS scores ranged from
0 to 100, and the degree of activity was scored based on the
patient’s ambulation, disease activity, self-care, and intake;
the lower the score, the more restrictive the activity (22).
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Patients with stage 4 cancer who died
after admission from September 2015
to September 2020
n=2,365

Excluded (n=1,646)
* Patients who received anticancer treatment
without palliative care (n=1,258)
* Patients whose cause of death was not
cancer (n=86)
e Lipid profile results were not available
(n=302)

Y

Eligible subjects
n=719

Excluded (n=291)
¢ Patients with an end-of-life status at the
time of hospitalization (n=132)
® Patients with lipid-lowering medications
(n=159)
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Y

Included in analyses
n=428

Figure 1 Flow chart of subject selection.

Study design

"To determine the relationship between lipid profiles (T'C,
LDL-C, TG, and HDL-C) and the survival time in patients
with cancer, lipid profiles were categorized according to the
following cutoff values: TC (3200 mg/dL, <200 mg/dL),
LDL-C (2130 mg/dL, <130 mg/dL), TG (=150 mg/dL,
<150 mg/dL), and HDL-C (<40 mg/dL, >40 mg/dL). In
this study, the cutoff value of each lipid parameter was used
as a reference point to define risk factors for cardiovascular
diseases (23). Lipid profiles were measured when patients
were hospitalized, and the patients’ survival time was
calculated from the date of hospitalization until the date of
death.

Statistical analysis

Baseline demographics were analyzed using an independent
t-test and analysis of variance. Correlation and multiple
regression analyses were performed to determine the
relationship between each independent variable that can
affect survival. Moreover, Cox regression analysis was
performed to confirm the correlation between lipids and
survival. To verify the effect of lipid parameters on the
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survival, the stepwise forward selection method was used for
analysis. In addition, each factor that could affect survival
time was analyzed using the enter method, and significant
variables were identified using the stepwise backward
elimination method. All statistical analyses were performed
using SPSS for Windows version 26.0 (IBM SPSS Statistics,
RRID: SCR_016479) with statistical significance set at
P<0.05.

Results
Demographic characteristics

The clinical characteristics of the subjects suitable for
this study and their survival times are reported in Table 1.
Of the 428 subjects, 223 were male and 205 were female;
278 were aged 65 years or older and accounted for
approximately 65% of the total. The most common
primary cancer sites were the lung, colon, hepatobiliary
system, and stomach in that order. In terms of surgery,
chemotherapy, and radiotherapy as previous treatments for
cancer, chemotherapy was the most common (368 patients),
followed by surgery and radiotherapy. In addition, most
patients (n=387) had metastasis. In total, 73 and 125 subjects
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Table 1 Mean survival according to demographic and clinical

characteristics
Characteristics n Survival P value'
(mean = SD, days)
Sex 0.105
Male 223 34.75+36.69
Female 205 36.20+37.29
Age, years 0.921
<65 150 35.68+35.22
>65 278 35.40+33.03
Primary cancer site 0.785*
Lung 128 34.92+32.33
Colon 89 36.12+22.31
Hepatobiliary 70 33.84+34.27
Stomach 49 34.78+35.27
Other 92 35.15+33.39
Previous treatment
Surgery 0.337
No 287 35.41+37.04
Yes 141 34.04+25.04
Chemotherapy 0.607
No 60 34.978+34.16
Yes 368 35.99+35.12
Radiotherapy 0.548
No 300 34.52+31.90
Yes 128 36.52+31.23
Metastasis 0.785
Absent 41 35.15+32.39
Present 387 34.98+35.09
History of diabetes 0.885
Absent 355 34.93+32.10
Present 73 35.32+33.18
History of hypertension 0.564
Absent 303 35.12+31.52
Present 125 34.68+32.15

Table 1 (continued)
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Table 1 (continued)

Characteristics (meansir\éigﬂ days) P value'
Pain (NRS) <0.001*
0-3 78 43.17+£12.24
4-6 252 32.75+32.43
7-10 98 27.35+96.02
PPS score <0.001
>50 72 64.44+54.92
<50 356 29.58+22.91

. independent t-test; ¥, one way-ANOVA. NRS, Numeric

Rating Scale; PPS, Palliative Performance Scale; SD, standard
deviation.

had a history of diabetes and hypertension, respectively.
The presence or absence of chronic diseases did not
significantly affect the survival time (P=0.885 for diabetes
and P=0.564 for hypertension). At the time of admission,
pain was evaluated using the NRS, and 43.17+12.24,
32.75+32.43, and 27.35£96.02 scored 0-3 points, 4-6 points,
and 7-10, respectively. The survival time was shorter in
the group with higher pain scores, which was statistically
significant (P<0.001). Patients with PPS scores less than
50 (29.58+22.91) had a shorter survival time than those with
PPS scores higher than 50 (64.44£54.92) (P<0.001).

Relationship between laboratory tests and cancer survival
time

Table 2 shows the mean survival time according to the
serologic characteristics. The twelve blood test items
included WBC count and levels of hemoglobin, creatinine,
albumin, liver enzyme, sodium, potassium, and CRP.
Among these, survival time was shorter in patients with
anemia (30.98+35.58, P=0.003), leukocytosis (26.05£25.37,
P<0.001), hypoalbuminemia (28.10+22.10, P<0.001),
hyperbilirubinemia (23.73+35.18, P=0.001), liver
enzyme elevation (30.56+32.50, P=0.002), CRP elevation
(33.90+29.12, P<0.001), and NLR elevation (29.30+23.85,
P<0.001) than that of patients with none of these, and these
differences were statistically significant.
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Table 2 Mean survival according to serologic characteristics

Characteristics (meansir\éigj“ days) P value'
Anemia 0.003

Hemoglobin =10 g/dL 235 39.12+35.30

Hemoglobin <10 g/dL 193 30.98+35.58
Leukocytosis <0.001

WBC <10.0x10%/uL 278 40.51+33.66

WBC >10.0x10%uL 150 26.05+25.37
Neutrophilia 0.008

Neutrophils <75% 135 42.16+42.33

Neutrophils >75% 293 32.65+27.56
Lymphocytopenia 0.170

Lymphocytes >20% 45 41.33+41.12

Lymphocytes <20% 383 34.75+29.29
Thrombocytopenia 0.221

Platelet >50x10°/uL 395 36.12+30.55

Platelet <50x10%/uL 33 27.35+21.52
Hypercreatininemia 0.584

Creatinine <2.0 mg/dL 396 35.45+31.83

Creatinine >2.0 mg/dL 32 35.36+32.73
Hypoalbuminemia <0.001

Albumin >3.0 g/dL 157 48.12+40.44

Albumin <3.0 g/dL 271 28.10+22.10
Hyperbilirubinemia 0.001

Total bilirubin <2.0 mg/dL 326 39.11+30.93

Total bilirubin >2.0 mg/dL 102 23.73+35.18
Liver enzyme elevation 0.002

ALT <41 U/L 376 36.13+32.07

ALT >41 U/L 52 30.56+32.50
Hyponatremia 0.008

Sodium =135 mmol/L 198 38.12+36.87

Sodium <135 mmol/L 230 33.14+25.39
Hyperkalemia 0.342

Potassium <5.5 mmol/L 419 35.69+31.77

Potassium >5.5 mmol/L 9 23.98+19.69

Table 2 (continued)
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Table 2 (continued)

_ Survival +
Characteristics n (mean + SD, days) P value
CRP elevation <0.001

CRP <0.5 mg/dL 27 58.24+56.17
CRP =0.5 mg/dL 401 33.90+29.12
NLR elevation <0.001
NLR <4.0 71 39.21+28.66
NLR =4.0 357 29.30+23.85

. independent t-test. WBC, white blood cell; ALT, alanine
aminotransferase; CRP, C-reactive protein; NLR, neutrophil-to-
lymphocyte ratio; SD, standard deviation.

Factors that could be associated with survival and the
relationship between lipids

To confirm the correlation and multicollinearity between
the lipid parameters—which are the main variables set
in this study—and the factors that could be associated
with the serum lipid concentration and survival time,
correlation analysis and multiple regression analysis were
performed. The history of diabetes and hypertension and
albumin, hemoglobin, creatinine, total bilirubin, alanine
aminotransferase (ALT), CRP, and NLR levels showed no
significant correlation with the lipid profile. Moreover,
there was no multicollinearity between each of the four
lipid parameters and other variables (Tables S1-S5).

Relationship between lipid profiles and cancer survival
time

The results of the comparison of mean survival time
according to lipid levels as seen in lipid profiles are shown
in Table 3. First, survival times were not significantly
associated with either TC or HDL-C levels. In contrast,
when LDL-C was divided according to a cutoff value of
130 mg/dL, 187 patients had levels above 130 mg/dL and
241 patients had levels below 130 mg/dL, and survival times
for these groups were 42.32+32.30 and 30.10+36.58 days
(P<0.001). In other words, the survival time of patients with
terminal cancer was shorter when their LDL-C levels were
low. In addition, the survival times of patients with high
(2150 mg/dL) and low TGs were 32.95+25.37 and
38.11+32.16 days, respectively, indicating a significant
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Table 3 Mean survival according to lipid profile

Characteristics n (meansir\éi;?l days) P value'
Total cholesterol 0.068
>200 mg/dL 167 35.78+31.32
<200 mg/dL 261 34.25+35.10
LDL-C <0.001
>130 mg/dL 187 42.32+32.30
<130 mg/dL 241 30.10+36.58
Triglycerides 0.006
>150 mg/dL 207 32.95+25.37
<150 mg/dL 221 38.11+32.16
HDL-C 0.425
<40 mg/dL 345 35.46+32.13
>40 mg/dL 83 34.37+34.78

', independent t-test. LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; SD, standard
deviation.

Table 4 Relative risks of the lipid profiles that affect survival
according to a Cox proportional hazard model with stepwise
forward selection method

Variables HR 95% ClI P value
Model 17

LDL-C <130 mg/dL 4126 3.276-5.985 0.001
Model 2

LDL-C <130 mg/dL 4.425 3.081-6.356 <0.001

Triglycerides =150 mg/dL 1.569 1.129-2.118 0.009
Model Extra*

LDL-C <130 mg/dL 4.056 0.976-7.187 0.785

Triglycerides =150 mg/dL 1.395 0.722-4.128 0.658

Total cholesterol <200 mg/dL  1.016  0.425-3.342 0.615

HDL-C <40 mg/dL 1.284 0.394-2.703 0.416

T, Models 1 and 2 were derived using the forward stepwise
selection method; ¥, Model Extra was derived using the enter
method. There was no statistical significance (P>0.005). LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval.

difference in survival time according to TG level (P=0.006).
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Relative risks of lipid profiles on cancer survival rate

The relative risk in terms of survival rate according to lipid
profiles was analyzed using the Cox proportional hazard
model, which is a notable result of this study. Model 1 and 2
used the forward stepwise selection method, and the Model
Extra used an enter method with all four lipid parameters as
variables. Model 1 selected LDL-C as the most important
variable among lipid profiles. In Model 1, if the LDL-C was
less than 130 mg/dL, the hazard ratio was 4.126 (95% CI,
3.276-5.985, P=0.001). In Model 2, LDL-C and TGs were
selected as important variables, and in cases where LDL-C
was less than 130 mg/dL, the hazard ratio was statistically
significant at 4.425 (95% CI, 3.081-6.356, P<0.001). Model
Extra, which used all four lipid parameters as variables, did
not demonstrate any statistical significance (Table 4).

Table 5 shows the results of Cox regression analysis
performed with enter method and backward stepwise
method using all variables that could be associated with
survival. Among the lipid parameters, TC was excluded
because of the multicollinearity with other parameters. In
the full model, low LDL-C, low hemoglobin, high CRP,
and high TG levels were significantly associated with
survival. The hazard ratio of the variables remaining after
removal by the backward stepwise elimination was 4.201
(95% CI, 2.578-6.259) for low LDL-C, 2.616 (95% CI,
1.451-3.875) for high CRP, 1.607 (95% CI, 1.126-2.214)
for low hemoglobin, and 1.492 (95% CI, 1.063-2.195) for
high TG.

Discussion

The importance of lipid profiles is increasing in various
diseases, including cancer, and as lipid profiles are
specifically related to carcinogenesis and cancer progression,
they are attracting attention as a potential prognostic factor.
However, the exact mechanism has not been identified, and
the relationship between the lipid profile and the survival
and prognosis of patients with cancer is inconsistent
(10,11,18). Therefore, we conducted this retrospective study
to investigate the serum lipid profile levels when patients
with terminal cancer, including hospice patients, were
admitted to the hospital for palliative care. The survival
time was calculated from the hospitalization date to the date
of death, and we sought to determine the correlation with
the lipid profile. The results of this study confirmed that
the patients’ survival times were shorter when their LDL-C
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Table 5 Multivariate Cox regression analysis of the lipid profile and the factors likely to be correlated with lipids as a risk factor contributing to

survival

Full model Stepwise backward elimination
Covariates

HR 95% ClI HR 95% Cl

Diabetes 1.001 0.971-1.029 - -
Hypertension 0.987 0.589-1.687 - -
Albumin <3.0 g/dL 2.641 2.154-4.541 - -
Hemoglobin <10 g/dL 1.562 1.071-2.158 1.607 1.126-2.214
Creatinine >2.0 mg/dL 1.100 0.785-1.2351 - -
Total bilirubin 2.0 mg/dL 1.106 0.987-1.358 - -
ALT >41 U/L 1.58 0.997-1.968 - -
CRP =0.5 mg/dL 2.586 1.256-3.995 2.616 1.451-3.875
NLR >4.0 1.685 0.879-2.567 - -
LDL-C <130 mg/dL 4.158 2.578-6.966 4.201 2.578-6.259
Triglyceride =150 mg/dL 1.412 1.235-2.895 1.492 1.063-2.195
HDL-C <40 mg/dL 1.055 0.328-2.168 - -

ALT, alanine aminotransferase; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval.

levels were low (<130 mg/dL) and when their TG levels
were high (>150 mg/dL); these parameters are therefore
likely prognostic factors in patients with cancer.

The cutoff values of the lipid parameters used in this
study were set to the same values as the well-known
cardiovascular risk factors. Lipids have not been established
as prognostic factors in patients with cancer. However,
the same reference values as ours was selected for the
investigation in some previous studies (7,24). Given that
the reference value suggested metabolic problems, such as
chronic inflammation in relation to the survival of patients
with cancer (25), it was determined that it was sufficient as
the reference point for our study.

A possible explanation of the results of this study is that
in the case of rapidly proliferating tumor cells, cholesterol
requirements for the synthesis of new membranes increase.
As a result, the LDL receptor expression is increased,
and this increases cholesterol influx into cells, which can
in turn leads to hypocholesterolemia. If the cholesterol
concentration in the serum is low, the following may occur.
First, immune system functions may be impaired (3).
Second, susceptibility to oxidative stress may be increased.
Finally, the concentration of inflammatory proteins, such as
interleukin-6, which is associated with carcinogenesis and
cancer progression, may be increased. Impaired immune
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function, oxidative stress, and inflammatory proteins have
been shown to exert harmful effects on the body and may
also affect cancer progression (26,27).

As for TG, in our study, patients with high TG
levels (=150 mg/dL) had a shorter survival time. In one
retrospective case-control study, the cancer group had
a higher TG level than the control group (28), whereas
another study found that when the serum TG level in
patients with advanced breast cancer was examined, higher
concentrations were found in cases of cancer progression
or recurrence (29). However, opposite results were also
reported. In a study of breast cancer patients, when the
preoperative serum T'G level was high, patients had better
disease-free survival, and therefore, the serum TG level was
shown to be a possible prognostic factor (30). In addition,
TG levels tend to have different results depending on the
type of cancer. In a large-scale cohort study, high T'G levels
were associated with an increased risk of lung, thyroid,
and rectal cancers, whereas the opposite was found for
prostate cancer and non-Hodgkin’s lymphoma (31). Several
studies have reported conflicting results regarding TG
levels and cancer progression, and thus, the mechanism and
association are still unclear (32,33).

In our study, no significant results were obtained for the
association of HDL-C level and survival time of patients
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with cancer. However, HDL-C exhibits not only an anti-
atherogenic function as well as anti-inflammatory and
antiangiogenic properties (24), and a previous study has
shown that HDL-C may be related to carcinogenesis
and cancer progression (25). According to a retrospective
analysis, patients with extremely low serum HDL-C levels
(220 mg/dL) had an increased risk of death, sepsis, and
malignancy compared with patients with elevated HDL-C
levels (>65 mg/dL) (34,35). Other studies showed that the
level in patients with cancer was lower than that of controls
and that the HDL-C level decreased as cancer progressed,
whereas when chemotherapy was successful, the level
increased (28,36). Therefore, HDL-C is also expected to be
a cancer prognostic factor.

In general, lipid profiles are closely related to nutritional
status (37). Albumin is representative as an indicator
reflecting nutritional status, and hemoglobin can reflect
overall nutritional status. As this study investigated lipid
parameters as factors affecting the survival, it was essential
to consider the nutritional status that can affect the lipid
concentrations as well as the survival. In this study, there
was no significant correlation between lipid parameters and
albumin or hemoglobin, and there was no multicollinearity.
The mean survival time of the subjects in this study was
approximately 35 days, which is relatively late stage of life.
It is judged that indicators such as albumin and hemoglobin
did not reflect only the nutritional status, but were also
affected by overall organ dysfunction due to cancer (33).
Therefore, it is believed that there was no direct correlation
of survival time with lipid.

In this study, along with LDL-C and TG levels, CRP
was found to be a factor influencing the survival time. High
CRP is an indicator of systemic inflammation along with
the NLR. In addition, it is a well-known prognostic factor
for terminal cancer (38). Systemic inflammatory status can
also influence lipid parameters (39). However, there was no
significant correlation between lipid parameters and CRP
or NLR, and there was no multicollinearity in this study. To
establish lipid parameters as prognostic factors for terminal
cancer, future studies considering the relationship with
inflammatory markers are needed.

According to some previous studies, the lipid profile
can serve as a prognostic marker in cancer (12,18,33), and
thus, it may help evaluate the condition of cancer patients
and predict the prognosis and treatment of patients in the
future. However, as discussed previously, the study results
are controversial, and large-scale studies on this topic are
required. It will also be necessary to clarify a mechanism
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that can explain the results.

This study has some limitations. First, various factors,
such as age, sex, cancer type, stage, nutritional status,
comorbid diseases, smoking status, alcohol consumption,
and exercise, could affect the survival of patients with
cancer, but we were limited in considering all these factors.
Second, this was a single-center study. Third, it was
impossible to consider the amount of nutrients supplied
by the patient and the type of nutrition being supplied (for
example, whether nutrients were supplied by parenteral
nutrition or enteral nutrition). Furthermore, the ratio of
carbohydrates, proteins, and lipids of each nutrient supplied
was not identified.

Despite the above limitations, this study has some
strengths. This study included patients in hospice care,
which is novel because studies of patients in hospice have
not been active until now. Another strength of this study is
that it is not just a simple study, but rather, it is worthwhile
because it involves topics that can be useful in the treatment
of patients with cancer. We expect that the lipid profile,
together with the TNM stage, will be considered in
understanding the disease state and predicting the prognosis
of patients with cancer, and that this will contribute to
determining the patients’ treatment plan and direction.

Conclusions

In conclusion, our study shows that low LDL-C and high
TG levels are associated with survival time in patients with
terminal cancer. Based on this finding, lipid profiles appear
to have potential as new prognostic biomarkers in patients
with cancer. Thus, further follow-up studies are needed to
resolve the current controversy and to confirm the ability of
lipid profiles to serve as predictors of the survival of patients
with terminal cancer.
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Supplementary

Table S1 Correlation between lipid parameters and related factors

Variables History of diabetes History of hypertension Albumin Hemoglobin Creatinine Total bilirubin  ALT CRP  NLR
Total cholesterol 0.405 0.236 0.512* 0.445 0.219 0.339 0.375 0.198 0.225
LDL-C 0.398 0.255 0.523* 0.369 0.258 0.348 0.345 0.248* 0.311
Triglyceride 0.597 0.168 0.465 0.279 0.279 0.149 0.225 0.234 0.298
HDL-C 0.365 0.115 0.198 0.243 0.156 0.201 0.123 0.215 0.238

The correlation coefficient was expressed as a Point-biserial correlation coefficient or Pearson correlation coefficient. *, 0.05< P value
<0.10. LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; ALT, alanine aminotransferase; CRP,

C-reactive protein, NLR, neutrophil-to-lymphocyte ratio

Table S2 Multicollinearity analysis’ of total cholesterol and related

Table S4 Multicollinearity analysis' of triglyceride and related

factors factors

Variables Coefficient VIF R® Variables Coefficient VIF R®
Albumin 0.028 21 0.683 Albumin 0.058 1.1 0.703
Hemoglobin 0.078 1.6 Hemoglobin 0.112 1.3

Creatinine 0.002 2.4 Creatinine 0.005 2.4

Total bilirubin -0.001 15 Total bilirubin 0.007 1.1

ALT 0.097 2.0 ALT -0.067 2.2

CRP 0.000 1.6 CRP -0.001 1.6

NLR -0.001 1.4 NLR -0.004 1.3

"Using multiple regression analysis. VIF, variance inflation
factors ALT, alanine aminotransferase; CRP, C-reactive protein,
NLR, neutrophil-to-lymphocyte ratio.

Table S3 Multicollinearity analysis' of low-density lipoprotein
cholesterol and related factors

T, using multiple regression analysis. VIF, variance inflation
factors ALT, alanine aminotransferase; CRP, C-reactive protein,
NLR, neutrophil-to-lymphocyte ratio.

Table S5 Multicollinearity analysis' of high-density lipoprotein
cholesterol and related factors

Variables Coefficient VIF R? Variables Coefficient VIF R?
Albumin 0.023 3.0 0.712 Albumin 0.019 2.0 0.533
Hemoglobin 0.098 2.5 Hemoglobin 0.058 1.7

Creatinine 0.001 2.2 Creatinine 0.009 2.3

Total bilirubin 0.000 1.5 Total bilirubin 0.002 1.5

ALT 0.057 2.4 ALT 0.073 2.2

CRP 0.000 1.9 CRP 0.001 1.5

NLR 0.000 15 NLR -0.002 1.5

', using multiple regression analysis. VIF, variance inflation
factors ALT, alanine aminotransferase; CRP, C-reactive protein,
NLR, neutrophil-to-lymphocyte ratio.
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T, using multiple regression analysis. VIF, variance inflation
factors ALT, alanine aminotransferase; CRP, C-reactive protein,
NLR, neutrophil-to-lymphocyte ratio.
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