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Summary
Purpose: The relationship between plasma lipid levels
and neoplastic diseases is still unclear. The aim of this study
was to analyse the lipid profile of individuals with non-Hodgkin’s lymphoma (NHL) or prostate carcinoma (CaP) and to
follow serum lipid levels changes in NHL patients according
to their response to chemotherapy.
Patients and methods: Forty-seven patients with NHL,
57 patients with CaP, two control groups composed of 29 and
43 age- and sex-matched healthy adults, related to NHL and
CaP patients, respectively, were included in the study. Follow-up studies of NHL patients were carried out after the 3rd
and 6th cycle of chemotherapy.
Results: Initial plasma cholesterol (Chol), HDL-cho-

Introduction
The past decades have seen an impressive increase in the incidence of many types of cancer worldwide.
The reasons for this increase remain poorly understood. A number of epidemiological studies has been
published, investigating the relation between cancer
incidence and a broad range of endogenous and exogenous factors, including decreased Chol and/or other
lipids levels. However, data on the cancer-lipids relation are inconsistent. Although several early investigations have proposed that hypocholesterolemia is a predisposing factor for cancer development, no causative
relation has been established so far [1]. Some cohort
studies have found no relation between Chol and all
cancer types [2,3]. Other studies have even reported

lesterol (HDL-Chol) and phospholipids (PL) values were significantly lower in patients with NHL or CaP than in controls.
Following chemotherapy, we noticed a progressive increase
in lipid levels in NHL patients with complete remission (CR)
and stable disease (SD), and further decrease in patients with
the disease progression.
Conclusion: Decreased plasma Chol, HDL-Chol and
PL levels of patients with NHL or CaP can be considered
as nonspecific prognostic parameters in patients with these
malignancies.
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a positive association between serum Chol levels and
certain cancers [3], while inverse association between
Chol and different cancer types can also be found
in many reports [4-6]. In particular, some findings
showed that low serum HDL-Chol was associated with
an increasing risk of malignancy [7] and a decreased
concentration of plasma PL has been detected in
certain solid cancers as well [8]. More recently, studies
using the statin class of Chol synthesis inhibitors have
suggested an inverse association with different cancers
[9,10], but other epidemiological studies [11,12] and
clinical trials [13] have not provided any evidence for
such an association. Thus, the lipid profile analysis in
patients with malignant diseases presents itself as an
interesting challenge, especially because of its potential contribution to a better treatment on the basis of an
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increased prognostic significance and an investigation
of new substances it may lead to.
In the human male population, CaP is first in incidence and the second leading cause of cancer-related
mortality [14]. NHL are lymphoid tissue malignancies
representing the 6th most common type of cancer diagnosed in male and female population in the USA and
showing one of the most impressive increases observed
among all cancers [15]. Both types of cancer are also
very common among the Serbian population.
In the present study we examined the lipid parameters (Chol, HDL-Chol, triglycerides [TG] and total
PL) in patients suffering from two malignant diseases
of different origin: NHL (blood cancer) and CaP (solid
cancer), and compared the obtained values with the
corresponding parameters in healthy persons.
The aim of our study was to determine lipid profile changes in patients with different types of cancer
according to the stage and aggressiveness of these diseases. Furthermore, in all patients with newly diagnosed
NHL who received chemotherapy, we studied lipid parameter changes in relation to their response to therapy,
in order to clarify whether analysis of lipid profile may
represent a sensitive, non-specific prognostic factor.

Patients and methods
Eligibility of patients with NHL
A total of 47 adult patients with newly diagnosed
NHL (26 male and 21 female, median age 57 years,
range 19-74), entered this study. None of the patients
had other malignant or serious non-malignant chronic
disease. After lymph node biopsy or biopsy of primary
extranodal site, histological diagnosis was made according to the revised European-American Lymphoma
classification / World Health Organization classification [16] and patients were divided into 3 groups: group
I – patients with indolent i.e. low risk NHL (n=15);
group A – patients with aggressive i.e. intermediate risk
NHL (n=23); and group VA – patients with very aggressive disease i.e. high risk NHL (n=9). The clinical stage
(CS) of disease was defined according to the Ann Arbor
staging classification [17]: CS I - 6 patients, CS II -10
patients, CS III - 12 patients and CS IV -19 patients.
Data from the control group 1 (Control 1) of 29
healthy persons (15 men and 14 women, median age
53 years, range 23-71) were used for the comparison
of lipid parameters with the NHL patients.
Eligibility of patients with CaP
A total of 57 adult patients with newly diagnosed

CaP, median age 74 years (range 53-94) entered the
study. All of the patients had no other malignant disease
or a serious chronic disease. Serum prostate specific
antigen (PSA) level [18] and Gleason score (GS) [19]
were used as important prognostic parameters. According to the level of these factors all of the patients were
divided into 3 groups: group I (n=14) with PSA levels
< 20 ng/ml and GS 2-4; group II (n=21) with PSA level
20 – 100 ng/ml and GS 5-7; and group III (n=22) with
PSA >100 ng/ml and GS 8-10.
Sex- and age-matched control group 2 (Control 2)
included 43 healthy male individuals aged 53-86 years
(median 72). Data from Control 2 were used for the comparison of lipid parameters changes in CaP patients.
All patients and control subjects had body mass
index between 20 and 30 kg/m2. All study participants
provided written informed consent, which was approved by the Ethics Review Boards of the participating institutions in accordance with the principles of the
Declaration of Helsinki.
Study design
Lipid parameters (Chol, HDL-Chol, TG and PL)
in the plasma of patients with newly diagnosed NHL or
CaP were determined and compared to those of the corresponding control groups (1 and 2, respectively).
In NHL patients, after the diagnosis and determination of the histological type and clinical stage of
disease, first-line chemotherapy of 6 cycles was administered. Three of 47 patients that entered this study
abandoned further treatment, 7 patients died during
treatment, and in 37 alive patients response to therapy
was evaluated after 6 cycles of chemotherapy. Complete
remission (CR) was achieved in 11 patients, 13 patients
had stable disease (SD), and disease progression (PD)
was confirmed in 13 patients. Lipid parameters were
determined prior to treatment (measurement I), after the
3rd cycle of chemotherapy (measurement II) and after
the 6th cycle of chemotherapy (measurement III).
The fact that patients with CaP underwent different treatment modalities after diagnosis might have
caused a different influence on lipid parameters levels,
thus making an adequate study design and lipid parameters follow up not possible.
Analytical methods
Total Chol and TG concentrations were measured
in serum after 12 h-fast, using the automated enzymatic
methods with Chol oxidase and glycerol oxidase, respectively (EliTech Diagnostic, Sees, France). Serum HDLChol was determined by measuring Chol concentration in
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the supernatant liquid precipitation of the other classes of
lipoproteins with phosphotungstic acid and magnesium
chloride [20]. LDL-Chol was estimated using the Friedwald et al. formula [21]. The total PL concentration in
serum was determined by the Zilversmit method [22].
Statistical analysis
All the results were expressed as the mean±SD.
Normality was tested using the Shapiro-Wilks test.
One-way ANOVA, followed by the Tuckey post hoc
test, was used to compare the normally distributed variables. The nonparametric Fisher test and x2 test were
used for non-normally distributed variables analysis.
The comparisons between two groups were performed
using the Student’s t-test. The differences were considered significant at p ≤0.05.

Results
The average concentrations of total and HDLChol, TG and PL in the control subjects (Control 1 and
Control 2), as well as in the NHL and CaP groups of
patients are shown in Table 1. The plasma total Chol,
HDL-Chol and total PL concentrations were significantly lower (p <0.05) in both groups of the cancer patients
than in the corresponding healthy subjects. All these parameters were slightly lower in the NHL patients than in
the CaP group. There were no differences in plasma TG
concentrations between the study groups.
It is important to point out that in the NHL patients
and Control group 1 all measurements were made according to gender. The only significant difference between male and female subjects was found in HDL-Chol
levels of healthy subjects: 1.36±0.27 mmol/l in women
and 1.09±0.19 mmol/l in men (p <0.05), but within the
group of NHL patients there was no difference according
to sex (1.05±0.19 mmol/l in women, 1.03±0.15 in men,

Table 1. Total cholesterol, HDL-cholesterol, triglycerides and total
phospholipid levels in patients with non Hodgkin’s lymphoma and
prostate cancer and in control groups. All parameters are shown
as mean±SD (mmol/l)
Chol
NHL
Control 1
CaP
Control 2

HDL-Chol

TG

PL

3.57±0.63** 1.03±0.16** 1.51±0.35 2.19±0.33**
5.29±0.63
1.24±0.27
1.38±0.26 2.9±0.39
3.77±0.49** 1.12±0.18* 1.16±0.19 2.31±0.27*
5.09±0.73
1.2±0.25
1.23±0.31 2.79±0.25

CHOL: total cholesterol, HDL-Chol: HDL cholesterol, TG: triglycerides,
PL: total phospholipids, NHL: patients with non-Hodgkin’s lymphoma,
CaP: patients with prostate adenocarcinoma, Control 1 and 2 – healthy
subjects compared with NHL and CaP, respectively. *p <0.05, **p <0.01

p >0.05). All other lipid parameters, including Chol, TG
and PL, showed no significant differences according to
gender, neither in the patients nor in the control group.
The initial values of lipid profile in the NHL patients in relation with the aggressiveness of lymphoma
and its CS are presented in Tables 2A and B, respectively. The concentrations of Chol (p <0.01), HDL-Chol
(p=0.05) and PL (p <0.05) were significantly lower
in patients with more aggressive lymphomas than in
those with indolent NHL. Results of TG concentrations showed no difference in relation with the aggressiveness of NHL (Table 2A). Plasma lipid profile of the
NHL patients, divided into 4 groups according to the
CS, showed no significant differences between groups
(p >0.05, Table 2B).
The baseline concentrations of plasma lipids in
the CaP patients are shown in Table 3. Those patients
were divided into groups I-III according to PSA levels
and Gleason score. The concentrations of plasma Chol
(p <0.05), HDL-Chol (p <0.05) and PL (p <0.01) lowered with advancing disease, while TG level was similar in all groups.

Table 2. The initial values (mmol/l) of lipid parameters in non Hodgkin’s lymphoma patients in relation with disease aggressiveness (A)
and its clinical stage (B). All parameters are shown as mean±SD
A
Disease ag- Chol
gresiveness
I
A
VA

TG

4.27±0.60
1.13±0.13 1.47±0.25
3.34±0.44** 0.98±0.16* 1.53±0.33
2.99±0.60** 1.00±0.14* 1.55±0.28

B
Clinical
stage
I
II
III
IV

HDL-Chol

PL
2.43±0.36
2.09±0.23*
2.06±0.30*

Chol

HDL-Chol

TG

PL

3.27±0.99
3.75±0.59
3.80±0.57
3.43±0.75

1.03±0.11
1.10±0.17
1.06±0.10
0.97±0.17

1.43±0.18
1.71±0.22
1.46±0.11
1.45±0.26

2.39±0.47
2.31±0.22
2.22±0.22
2.06±0.36

I: indolent lymphomas, A: aggressive lymphomas, VA: very aggressive
lymphomas. Other abbreviations as in Table 1. *p <0.05, **p <0.01.

Table 3. The initial values (mmol/l) of lipid parameters in patients
with prostate adenocarcinoma group according to PSA levels and
Gleason score. All parameters are shown as mean±SD
Group
I
II
III

Chol
4.38±0.57
3.95±0.44*
3.21±0.36**

HDL-Chol
1.19±0.24
1.18±0.24
1.02±0.14*

TG
1.12±0.14
1.16±0.19
1.17±0.19

PL
2.79±0.37
2.22±0.33*
1.70±0.29**

Group I: PSA <20 ng/ml and Gleason score 2-4, Group II: PSA 20-100 ng/
ml and Gleason score 5-7, Group III: PSA >100 ng/ml and Gleason score 810. For other abbreviations see footnote of Table 1. *p <0.05, **p <0.01.
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Given the fact that both groups of patients with
cancers of different origin had lower concentrations of
plasma Chol in comparison to the healthy subjects, we
next studied the changes in lipid profiles during (and after) chemotherapy. Of the 47 NHL patients, 7 died before
the completion of the 6 chemotherapy courses of chemotherapy. Relating to the outcome, the baseline concentrations of Chol (p <0.01), HDL-Chol (p <0.01), and PL (p
<0.05) were significantly lower in patients who died during therapy than in the patients who survived (Table 4).
The values of TG were similar in both groups (p=0.23).
Based on the response to chemotherapy, the baseline level of Chol was significantly higher (p <0.01) and
reached normal values in patients who achieved CR
compared with patients with PD. A different response
to therapy also induced different changes in Chol concentrations: in patients with CR, the values of Chol
were constantly increasing during therapy, whereas a
slight, insignificant increase in Chol was also observed
in the patients with SD; concentrations of Chol further
decreased in the patients with PD (Figure 1). The HDLChol and PL values in relation to response to therapy
showed a similar trend (Figures 2 and 3, respectively).

Figure 2. HDL-cholesterol values in relation with response to
therapy. p-values non significant. Abbreviations as in Figure 1.

Table 4. The initial values (mmol/l) of lipid parameters in non
Hodgkin’s lymphoma patients in relation with clinical outcome.
All parameters are shown as mean±SD
Outcome Chol

HDL-Chol

TG

Alive 3.72±0.68
Dead 2.80 ± 0.48**

1.06±0.15
1.53±0.38
0.85±0.12** 1.37±0.14

PL
2.26±0.33
1.91±0.21*

Abbreviations as in Table 1. *p <0.05, **p <0.01.

Figure 3. Total phospholipid values in relation with response to
therapy. Abbreviations as in Figure 1. **p <0.01 when compared
to initial values.

The determination of TG levels showed no significant
alterations in these groups of patients (p=0.45).

Discussion

Figure 1. Total cholesterol values in relation with response to
therapy. C1: Control group 1, CR: complete remission, SD: stable
disease, PD: progressive disease, I: initial values, II: values after the
3rd course of chemotherapy, III: values after 6th course of chemotherapy. *p<0.05, **p<0.01 when compared to initial values.

The results obtained in this study showed significantly lower concentrations of total Chol, HDL-Chol
and PL in patients with NHL and CaP, compared to ageand sex-matched healthy subjects. The lower levels of
these lipid parameters were found in both kinds of cancers: one solid (CaP), and one hematological (NHL).
In all of the patients, the levels of Chol, HDL-Chol and
PL were significantly lower in patients with more ag-
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gressive disease according to histological type of NHL
or Gleason score and PSA concentration in CaP.
The reasons behind the decreased lipids in plasma
of cancer patients are a matter that requires further investigations. One of the possible reasons could be an
increased import of Chol in cancer tissue, which has
been documented in acute myeloid leukemia cells and
in various solid tumors, because rapidly proliferating
tumor cells presumably require Chol for new membrane synthesis [23]. Hypocholesterolemia could also
occur due to an increased LDL receptor activity in cancer cells [24,25], which normally controls the degradation of low-density lipoproteins, the major Chol transport protein in human plasma [25].
The link between HDL-Chol and cancers has also
been a subject in a number of investigations. The epidemiological study of Kritchevsky and al. [26] suggested
that low HDL-Chol may be the first sign of a malignant
disease in the preclinical stage. Recently, Lim et al. reported that high serum HDL-Chol was associated with
a lower risk of all NHL subtypes [27]. These findings
implicate HDL-Chol as a preclinical indicator of NHL
and provide a solid foundation for some further prospective investigations based on its etiologic contribution. Low serum HDL-Chol has also been described as
an independent predictor of increased postmenopausal
breast cancer risk among overweight and obese women
[28]. As expected, in our study we found higher HDLChol levels in healthy females than in healthy men, due
to the protecting effects of estrogen [29]. However, no
significant difference in HDL-Chol concentrations according to gender was observed in NHL patients, which
implies that the effect of malignancy on serum HDLChol level is stronger than the effect of sex hormones.
In contrast to Chol, there are not many reports
describing the link between cancer and PL. In the present study we found significantly lower plasma PL in
both groups of cancer patients compared to the healthy
subjects. Similarly to our findings, Taylor et al. have
recently described decreased concentrations of the PCdegradation product lyso-phosphatidylcholine (LPC) in
patients with cancer [8]. The reason for these observations might be the observed rapid PL-turnover of tumor
cells resulting in an increased plasma LPC utilization by
tumor calls. Since an increased turnover of membrane
PL appears to be associated with tumor progression
and metastasis, the authors proposed that LPC blood
concentrations might well be a strong marker for tumor
progression [8].
We also found that more aggressive types of NHL
were associated with lower plasma Chol, HDL-Chol and
PL, which is in accordance with the relevant literature
[30,31]. The follow up study of the NHL patients dem-

onstrated that patients with lower initial Chol, HDLChol and PL had significantly more detrimental clinical
outcome, either death before the end of chemotherapy,
or PD. In contrast, although no difference in plasma lipid levels in relation to CS of NHL patients was detected,
we found a constant increase and even normalization in
these lipid parameters in patients with CS II; this group
of patients achieved the best clinical outcome.
The concentrations of TG showed no significant
differences of NHL or CaP patients in comparison to
the control groups and between the groups of patients
themselves, which is in accordance with other published data [26]. However, in their study of 32 patients
with hematological malignancies, Dessi et al. presented
clues for a significant increase in TG levels which was
explained by a possible decrease in lipoprotein lipase
activity [30].
These findings suggest that abnormally low lipid
parameters in cancer patients could be nonspecific indicators of a worse prognosis, as our results showed that
increased lipid parameters were linked with CR or, at
least, SD. Based on these findings, we think that lipid
status of cancer patients at first presentation/diagnosis,
as well as during therapy, may contribute to clinical
outcome prognosis, and can be a sensitive, but not specific prognostic parameter in the process of follow-up
of patients with malignant diseases.
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