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Open

Abstract

Background: The relationship between serum lipid profile levels and cancer risk remained un-
certain. Recently, it had been reported a significant inverse association between high-density li-
poprotein cholesterol (HDL) and the risk of incident cancer that was independent of low-density
lipoprotein cholesterol (LDL), age or sex. Objective: The aim of our study was to evaluate the be-
havior of HDL in cancer patients and in healthy population. Methods: We created a retrospectively
search strategy in the laboratory information system (LIS). We filtered and searched those pa-
tients with CEA within 5 - 20 ng/ml and any value of HDL and corroborated the presence of cancer
(Group 1 (G1)) or not (Group 2 (G2)). Moreover, we searched a control group (patients in outpa-
tient oncology clinic) to observe the values of HDL. Comparisons and statistical logistic regression
models were applied to link the levels of this biomarkers and cancer risk. Results: We examined
852 valid patients, median age 62 (50 - 73) years. Within the search strategy group, G2 showed
highest levels of HDL (54 (43 - 67) mg/dl) and lowest CEA levels (6.7 (5.7 - 8.4) ng/ml) comparing
with G1: HDL (47 (37 - 60) mg/dl) and the CEA (7.9 (6.2 - 10.9) ng/ml); p < 0.001. The values in
control group were: the lowest HDL levels (41 (29 - 54) mg/dl) and CEA (25.2 (6.1 - 124.5) ng/ml);
p < 0.001, between oncologic patients and the search strategy group. On logistic regression multi-
variate analysis, we obtained: r*: 0.092; p < 0.001; HDL [OR: 0.983 (0.974 - 0.993), (p = 0.001)] and
CEA [OR: 1.115 (1.060 - 1.174), (p < 0.001)] and they were confirmed as independent predictors of
cancer. Conclusion: Our findings confirmed the inverse association of HDL levels between healthy
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populations and were diagnosed with cancer. Moreover, in a random population, patients with
cancer presented lower HDL values compared to those without cancer. Therefore, it could demon-
strate the possible positive predictive value of low HDL related to cancer risk.
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1. Introduction

Relationship between serum lipid profile levels and cancer remains uncertain. Several epidemiological studies
have shown a correlation between increased hypercholesterolemia at the study baseline, and the occurrence of
certain cancers, particularly breast cancer and other gynecologic cancers [1]-[3]. Indeed, low serum total cho-
lesterol (TC) has been associated with increased mortality and cancer [4]-[6] and hence, inversely associated
with cancer risk. Furthermore, high levels of triglycerides (TG) have been associated to the incidence of differ-
ent cancers [7] [8]. But, low concentrations of high-density lipoprotein cholesterol (HDL) have been studied the
most, linking low HDL levels with higher cancer risk, in different types of cancers [1] [2] [6] [9]-[14]. Further-
more, recent meta-analysis by Jafri H. et al. [15] has reported a significant inverse association between HDL and
the risk of incident cancer that is independent of low-density lipoprotein cholesterol (LDL), age or sex. Also it
appears a relation between serum lipid metabolism and risk of obesity-related cancers [16] and nowadays, obes-
ity is a problem that grows up in the western society. This topic is becoming an interesting discussed aspect in
recent literature [16] [17].

Taking into account that low HDL seems to be the lipoprotein levels with most interesting results related to
prediagnostic cancer [1] [2] [6] [12] [15] [16] [18]-[22], we decide to choose a retrospective study. We created a
search strategy in the laboratory data base, filtering the population groups using the carcinoembryonic antigen
(CEA), as a general non-specific tumor marker involved in many types of cancer. CEA is the preferred tumor
marker related to predict the prognosis in patients with colorectal cancer and also can be elevated in lung [23]
[24], breast [25], cervical [26], liver, thyroid, stomach cancer [27], etc. Knowing this, we filtered the study pop-
ulation with the purpose to select a possible group of population that could present cancer or not, and could
avoid the extended laboratory database. Therefore, the principal aim of this retrospective observational study is
to evaluate the behavior of HDL levels in a possible “healthy” population, in a population with high probability
of developing early cancer and moreover in oncologic patients previously diagnosed.

2. Patients and Methods
2.1. Patients Search Strategy

We examined retrospectively 1025 patients evaluating the relationship between HDL and CEA, as the main
non-specifically tumor marker implicated in several cancers. HDL over 60 mg/dl is considered an optimum level
and values <40 mg/dL is associated with atherosclerotic risks [28]. The normal range of CEA serum levels va-
ries between laboratories, but levels higher 5 ng/ml must to be observed. The range between 5 - 20 ng/ml are not
normal, but can also be elevated by some non-cancerous diseases such as liver cirrhosis, chronic renal failure,
chronic obstructive pulmonary disease, the presence of polyps, and otherwise “healthy” smokers (around 5% -
7%). But CEA concentrations above >25 ng/ml, approximates to a 95% of probability to present a cancer diag-
nostic [24] [25] [29]. Knowing these criteria we created a search strategy in the laboratory information system
(LIS) (Omega 3000, Roche Diagnostics, Mannheim, Germany) to observe mainly the HDL behavior. This
strategy was applied for three years. Firstly, we filtered patients on LIS, searching those patients with CEA be-
tween 5 - 20 ng/ml and any value of HDL. This strategy quest, was created to observe slightly but significant
high levels of CEA, on patients who were corroborated the presence of any type of cancer (Group 1 (G1)) or not
(Group 2 (G2)), by consulting medical records. Moreover we searched for patients from oncology department,
and they were selected as the control group: patients previously diagnosed with cancer. This patients presented
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higher levels of CEA and we observed any value of HDL.

We studied the levels of lipid profile: TC, calculated low-density lipoprotein cholesterol (LDL), HDL in those
groups. We collected data of alkaline phosphatase (ALP), creatinin, CEA and moreover, we registered the dif-
ferent main types of cancer on CEA is predominantly elevated (colorectal, breast, lung cancer (non-small cell
lung cancer (NSCLC) and others).

For this retrospective observational study, all patients were informed and consented to participate on it. The
Research Ethics Committee approved the study in accordance with the Declaration of Helsinki, as amended in
Edinburgh in 2000.

2.2. Methods

The analytical results searched in the laboratory information management system (LIS) offered us a selected
number of patients to collect the required data. All the analytical tests were performed in automated platforms as
Hitachi or Cobas 6000 (Roche Diagnostics, Mannheim, Germany). HDL levels were assessed by a direct deter-
mination using polyethylene-glycol modified enzymes and dextran-sulfate. CEA levels were assessed by an
electrochemiluminescence method. The electronic clinical history data of the patients was collected using
SELENE platform (Siemens).

2.3. Statistical Analysis

Each categorical variable was expressed as frequency (percentage) of patients. Continuous variables were tested
for normal distribution by the Kolmogorov-Smirnov test, only TC follow behave a normal distribution. The
normal distributed continuous variables are shown as mean + SD, and those non-parametrically distributed are
shown as median (interquartile range). Differences between groups were assessed by the unpaired t-test for in-
dependent samples, the Mann-Whitney U test (as appropriate) for continuous variables. Correlation was per-
formed between two continuous variables by Spearman test. A two-side probability value of p < 0.05 was
considered statistically significant. Multivariate analysis by logistic binary regression was used to identify the
factors associated to the presence of cancer. Variables with p < 0.15 in the univariate analysis were included
into the multivariate regression model. A linear multivariate regression model was also evaluated. Perfor-
mance of these tests was evaluated using receiver-operating characteristics (ROC) curves and the best cutoff
point for HDL and CEA were applied. HDL and CEA levels were dichotomized as “low” or “high” according
to whether the circulating levels were under or over the calculated threshold (cut-off). This dichotomy for
HDL and CEA were assessed into the logistic regression model to explore the overall predictive value of
theme upon cancer. Statistical analyses were carried out with SPSS version 15.0 software (Chicago, Illinois,
USA).

3. Results

We examined retrospectively 1025 patients, finally 852 valid (48% men and 52% women), mean age 62 (50 -
73). All the descriptive results are shown in Table 1. Within the search strategy group, G2 (No cancer) showed
highest levels of HDL (54 (43 - 67) mg/dl) and lowest CEA levels (6.7 (5.7 - 8.4) ng/ml) comparing with G1:
HDL (47 (37 - 60) mg/dl) and the CEA (7.9 (6.2 - 10.9) ng/ml), both of them p < 0.001 (Figure 1). Moreover,
the values in the control group (patients from oncologic department) observed were: the lowest HDL levels (41
(29 - 54) mg/dl) and CEA (25.2 (6.1 - 124.5) ng/ml); p < 0.001 between oncology patients and the search strat-
egy group. HDL and CEA showed no signification correlation between them (r = —0.22; p = 0.876). The per-
centage of different types of cancer in the oncology control group was: Colorectal: 28.3%, Breast: 14.3%, Lung
Cancer (NSCLC): 12.1%, tumors that present a marked elevated CEA. The remaining was a 45.3% of various
cancers, data very closed to the one observed in G1 group (Table 1). In addition, statistically significant differ-
ences between G1 and G2 were observed for creatinine (0.83 (0.70 - 1.05) vs. 0.9 (0.7 - 1.12), (p = 0.017)) and
alkaline phosphatase (89 (72 - 121) vs. 82 (66 - 109), (p = 0.003)). The rest of descriptive variables (lipid profile
remaining) did not showed statistically significant differences between groups.

On univariate analysis (Table 2), creatinine (p = 0.014), HDL (p < 0.001) and CEA (p < 0.001) were inde-
pendent predictors of cancer development. Also confirmed on logistic regression multivariate analysis, r2: 0.092;
p < 0.001: creatinine (OR (95% CI) 0.841 (0.736 - 0.960), (p = 0.010)), HDL (OR: 0.983 (0.974 - 0.993), (p =

986
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Table 1. Descriptive clinical characteristics of patients.

Search Strategy Group e
ontrol Group

Characteristics (Oncology Patients)

G1 (Cancer) G2 (No Cancer)

(N = 230) (N = 422) o (N =200)
Age (years) 62.7+12.4 63.7 +14.6 0.379 57.3+72.5
Sex (%) Male 46% 45.7% 0.939 55%
Female 54% 54.3% ' 45%
Cancer (%) 26% - 28.3%
Colorectal 22.7% - 14.3%
Breast 18.3% - 12.1%
Lung (NSCLC) 33% - 45.3%
Others
Creatinine (mg/dl) 0.83[0.70 - 1.05] 0.9[0.7-1.12] 0.017 0.7 [0.5-0.9]
Total cholesterol (mg/dl) 195.6 +50.8 196.9+50.1 0.750 183.9+78.6
LDL (mg/dl) 89 [65 - 109] 83 [60 - 111] 0.515 1105 [74.4 - 150.2]
HDL (mg/dl) 47 [37 - 60] 54 [43 - 67] 0.001 4129 - 54]
Alkaline phosphatase (U/L) 89 [72-121] 82 [66 - 109] 0.003 82 [63 - 115]
CEA (ng/ml) 7.9[6.2-10.9] 6.7 [5.7-8.4] <0.001 25.2[6.1-124.5]
Table 2. Binary regression analysis for the endpoint of Cancer (yes or not).
Cancer

Model of Binary

Univariate Analysis Multivariate Analysis

Regression
OR (95% CI) p Value OR (95% CI) p Value
Age 0.995 (0.983 - 1.007) 0.40
Sex 0.975 (0.719 - 1.323) 0.87
Creatinine (mg/dl) 0.848 (0.744 - 0.967) 0.014 0.841 (0.736 - 0.960) 0.010
TC (mg/dl) 0.999 (0.996 - 1.003) 0.750
LDL (mg/dl) 1.001 (0.997 - 1.005) 0.691
HDL (mg/dl) 0.984 (0.975 - 1.0059) <0.001 0.983 (0.974 - 0.993) 0.001
ALP (U/L) 1.002 (1 - 1.005) 0.060
CEA (ng/ml) 1.128 (1.074 - 1.185) <0.001 1.115 (1.060 - 1.174) <0.001

0.001)) and CEA (OR: 1.115 (1.060 - 1.174), (p < 0.001)). This significant factors were used to confirmed in a
multivariate model: r: 0.231, rz 0.053; p < 0.001, (CEA: 0.026 (0.016 - 0.036); p < 0.001 and HDL: —0.003
(—0.005/-0.001); p = 0.002). But, the other lipid parameters did not present significance in our multivariable
analysis. This model was also confirmed with a model of linear regression, assuming as dependent variable,
cancer yes or not: HDL offered a negative consentient value OR (95% CI): —0.003 (=0.005/-0.001); p < 0.001
and CEA: 0.027 (0.017 - 0.038); p < 0.001.

On constructing the ROC curve for HDL and CEA levels obtained (AUC: 0.580 (0.535 - 0.626); (p = 0.001))
and (AUC: 0.607 (0.560 - 0.654); (p < 0.001)) respectively. The best HDL and CEA cut-off levels for the de-
velopment of cancer were 37.5 mg/ml and 6.4 ng/ml. This cut-off concentration had a sensitivity value of 82.7%
and a specificity value of 23.9% for HDL and a sensitivity value of 65% and a specificity value of 43.6% for
CEA. The combination of both markers offered an increase in the AUC to 0.638 (0.592 - 0.683) (Table 3).

Univariate analysis model with the cut-off values chosen for HDL < 37.5 mg/dI, (p = 0.043) and CEA > 6.4
ng/ml, (p = 0.033) appeared like they were predictors of cancer development (Table 4). Also, on multivariate
analysis both cut-off, HDL < 37.5 mg/dl (OR: 1.429 (1.023 - 1.995); (p = 0.018)) and CEA > 6.4 ng/dl OR:
1.453 (0.977 - 2.162); (p = 0.045)) were independent predictors of cancer (r2: 0.017; p = 0.018).
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Figure 1. Comparison of the levels of HDL and CEA among the patients searched and the oncology control group (p <
0.001).

Table 3. ROC curve analyses with the best cutoff point chosen for the event of presence of cancer.

Event: Cancer HDL (mg/dl) CEA (ng/dI) HDL + CEA
p Value 0.001 <0.001 <0.001
Cutoff point 375 6.4
AUC (CI 95%) 0.580 (0.535 - 0.626) 0.607 (0.560 - 0.654) 0.638 (0.592 - 0.683)
Sensitivity 82.7% 65%
Specificity 23.9% 43.6%

Table 4. Binary regression analysis for the endpoint of cancer (yes or not), with a cut-off chosen by ROC curves method.

Model of Cancer
Binary
Regression Univariate Analysis Multivariate Analysis
OR (IC 95%) p Value OR (IC 95%) p Value
HDL <37.5 1.503 (1.013 - 2.229) 0.043 1.429 (1.023 - 1.995) 0.018
CEA >6.4 1.401 (1.031 - 2.007) 0.033 1.453 (0.977 - 2.162) 0.045

4. Discussion

We presented in this retrospective study, interesting data about the behavior of HDL and the presence of cancer.
Filtering population to select different groups, we observed in those patients from oncology (our control group)
how they showed lowest values of HDL 41 (29-54) mg/dl, in which the medium rubbed the normal HDL
population values (40 - 60 mg/dl) and the 25th percentile value of 29 mg/dl, was very far away of normal values,
with a really low HDL level (Table 1). Furthermore, this behavior is corroborated in the main objective of our
study, which was to have a random population, selecting by CEA values, within 5 - 20 ng/ml, which means to
obtain healthy patients (G2) and confirmed cancer patients (G1). So, the HDL behavior observed in the group
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who also suffered some cancer was a low HDL values 47 (37-60) mg/dl, compared to those without cancer, con-
firming our theory to find lower values of HDL related to cancer patients. Interestingly, a strong and significant
inverse relationship has been reported recently between baseline HDL cholesterol and the incidence of cancer
[15], in some meta-analysis. The median baseline HDL for all included in the Jafri et al. meta-analysis was 44.4
(39.0 - 47.4 mg/dl), a similar median obtained in our study and also similar to the one presented by, Ahn J. et al.
[6] that also previously evaluated the prediagnostic HDL related to cancer risk. They showed in the ATBC co-
hort how high serum TC were associated with decreased overall cancer incidence in the multivariate model and
also high serum HDL levels (median of 46.3 mg/dL) was modestly, but significantly, associated with decreased
cancer incidence. They excluded all cases diagnosed during the first 12 years of follow-up, arguing against an
effect of preclinical disease on serum concentrations. These findings are consistent with the Framingham
Offspring Study [30], but it is needed future consistent designs with the same exclusion of firstly years of fol-
low-up, as we discussed recently [17].

This theory is further supported in our study performing a linear regression model, in which HDL provides a
negative correlation of HDL related to increased risk of cancer, contrary to the positive OR of CEA, as was
supposed. Also in the binary logistic regression are provided significant OR below 1 for HDL and above 1 to
CEA (Table 2). Thus, we saw that CEA was also a good filter in our population (they also did not confirm to
depend on each other, in the Spearman correlation). Moreover, we see in our group of tumors that the most pre-
valent were those that have higher elevations of CEA traditionally related (colon, NSCLC, metastatic breast
cancer...) [24] [25] [29].

These data was also corroborated in other meta-analysis by Melvin J.C. et al. [16], linking between serum
markers of lipid metabolism and risk of obesity-related cancers, with different pooled models that link not only
low HDL levels (<1.03 mmol/L), also low Apoliprotein-A (apoA) or high TC and TG, using clinical cut-points.
But, we only could show similar results for HDL levels. Therefore, with the same approach, proposing cut-off
points with ROC curves, used in the meta-analysis by Melvin J.C. et al., we tried to confirm a possible cut-off
value of HDL, CEA related to cancer risk, as we could observe in the improvement AUC value, using both to-
gether (Table 3). In this case, we aimed to show the relevance for clinicians to take into account those repeated
low concentrations of HDL in patients without associated pathology. Especially, focusing in the fact that HDL is
a common parameter requested in basic analytics, however no other biomarkers, as tumour markers, are re-
quested in routine analytic, and those are the ones that use to give some suspicion of malignancy in patients. But
it is important to note that, we don’t intend to propose such use of this cutoff values in our retrospective study, it
has to be confirmed in more prospective studies designed for this topic. Although, it had been previously corro-
borated in several studies, as we mentioned previously, numerous prospective studies have evaluated HDL le-
vels in relation to the incidence of cancer, upon significant cohorts. Several of those studies related low HDL
levels to major risk of prostate cancer [5], gynecologic cancers [3], lung cancer [20], etc. But the main cancer
type studied in this topic has been breast cancer, with different results associated to menopausal state, in large
cohorts [2] [12] [31] [32].

One of the possible reasons in the increasing incidence of cancers, mainly gynecologic cancers, in affluent
societies is the obesity epidemic [16]. The precise aetiology linking obesity and cancer risk is related with an
evidenced role of lipid metabolism in tumour development [33]. So, a complex scenario emerges trying to link
lipid profile, obesity, inflammation, and cancer risk [13] [16] [17] [19], topic that has to be studied properly.

Furthermore, it has been shown that phytosterol supplementation protects HDL from lipid peroxidation, in-
volving some changes in the physicochemical properties of HDL, induced by their increased phytosterol content.
In this context, and taking into account that human HDL protects LDL from oxidative modification, it is note-
worthy that apoA-I, the main HDL protein component, was recently shown to inhibit tumour development in
mice [34]. In fact, has also been tested, in a transgenic mouse model of inherited breast cancer [35], the effects
of a dietary phytosterol supplement on tumour onset and progression. This study demonstrated a protective ef-
fect of phytosterol supplementation with an effect in preventing lipoprotein oxidation in mice, a property that
could explain their possible anticancer effects since lipoprotein oxidation/inflammation has been shown to be
critical for tumour growth. Moreover, other recent studies in mouse models also demonstrates the possible inhi-
bition of hypoxia-inducible factor-1a (HIF-1a) could be a critical mechanism responsible for the suppression of
tumor progression by apoA-I mimetic peptides [36]. A fact that accompanies our theory because of apoA-l is the
primary protein constituent of HDL.
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5. Limitations

Low HDL cholesterol is associated with the presence of high plasma levels of inflammatory mediators, inde-
pendent of possible confounders such as smoking, alcohol intake, and physical activity or some drugs taken on
medical treatments that could affect some hepatic process related to lipid metabolism [19]. That’s why, the value
of HDL as a negative acute phase reactant, could also be valuable to determine whether the association between
low HDL and cancer was due to an increase of inflammation. But we did not have sufficient data of C-reactive
protein, for example, to include it in the model as well as other factors, like smoking, obesity or alcohol intake.

The principal limitation of the present study lies in its purely cross-sectional design. We could perform only
association analyses, but long-term follow-up of our patients would likely provide additional information to
corroborate the proposed value of HDL for predicting cancer progression to poor clinical states, not only the
presence or not as we observed in our regression models. But, this observational study was based on an extended
and selected patient cohort that could offer potential interesting data.

6. Conclusions

Our findings confirmed the inverse association of HDL levels between healthy populations and were diagnosed
with cancer. Moreover, we had a random population, selected by CEA values, in which patients with cancer
presented lower HDL values than those without cancer, confirmed in statistic regression models. Therefore, it
could demonstrate the possible positive predictive value of low HDL related to cancer risk.

1) What is already known about this topic?

The relationship between serum lipid profile levels and cancer remains uncertain. Several epidemiological
studies have shown a correlation between low levels of high-density lipoprotein cholesterol (HDL) and higher
cancer risk, in different types of cancers. This fact has been casually observed in some of the major multicenter
studies.

2) What does this article add?

We evaluate the behavior of HDL in cancer patients (control group), in healthy population and in a population
with high probability of developing early cancer.

We have a retrospective random population, selected by CEA values, in which patients with cancer present
lower HDL values than those without cancer.

The performance of a linear and binary regression models shows how HDL provides a negative correlation of
HDL related to increased risk of cancer, contrary to the positive OR of CEA, as it is supposed.
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