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Abstract

Background: To investigate the relationship between the pretreatment serum lipid concentrations and the
clinical outcomes in patients with locoregionally advanced nasopharyngeal carcinoma (NPC) who were treated
with a combination of chemotherapy and radiotherapy.

Methods: From August 2002 to April 2005, 400 patients with stage Ill or stage IVa nasopharyngeal carcinoma
were recruited for a randomised clinical trial of induction chemotherapy combined with radiotherapy or
concurrent chemoradiotherapy. Pretreatment serum lipid concentrations were examined in 342 patients. Both
univariate and multivariate analyses were conducted to investigate the association of serum lipid levels with
different treatment outcomes.

Results: The 5-year failure-free survival rate for the low- high-density lipoprotein cholesterol (HDL-C) and
high-HDL-C groups was 52.1% and 65.5%, respectively (p=0.017), and the 5-year overall survival rate was
64.7% and 72.5%, respectively (p=0.094). The pretreatment serum level of HDL-C was a favourable prognostic
factor of overall survival and failure-free survival in a Cox regression model with HR 0.65 (95% CI 0.43-0.97;
p=0.036) and 0.60 (95% CI 0.41-0.88; p =0.008). No significant correlation was observed between the
prognosis of patients with NPC and serum levels of total cholesterol (TC), triglyceride (TG), or low-density
lipoprotein cholesterol (LDL-C).

Conclusions: The pretreatment serum level of HDL-C was an independent prognostic factor for patients with
locoregionally advanced nasopharyngeal carcinoma who were treated with chemoradiotherapy.
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Background

Nasopharyngeal carcinoma (NPC) is endemic in ~ combined with chemotherapy is the standard of care
southern China where undifferentiated nasopharyn-  for patients with locally advanced disease [1].
geal carcinoma occurs most frequently. Radiotherapy The clinical significance of circulating lipid levels
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in the diagnosis and prognosis of atherosclerosis and
coronary artery disease has long been recognised [2].
Recently, some epidemiologic studies have docu-
mented an association between low circulating
cholesterol and high overall cancer incidence and
mortality [3-5]. Cancer patients often present with an
altered serum lipid profile including changes in the
levels of high-density lipoprotein cholesterol (HDL-
C). Compared with the profiles of non-cancer subjects,
considerable changes have been documented in the
serum lipid profiles of patients with breast cancer [6],
lung cancer [7], prostate cancer [8] and endometrial
cancer [9]. Lipids are known to play a crucial role in
tumour development and progression [10]. However,
few systemic studies have focused on the association
of HDL-C and the prognosis of cancer patients.

In our previous study [11], we found that
pretreatment body mass index (BMI) was an indepen-
dent prognostic factor for locoregionally advanced
nasopharyngeal carcinoma. As we already know, BMI
is a reflection of habits, such as physical activity,
dietary protein intake and lipid intake. However, the
relationship between the pretreatment serum lipid
levels and the prognosis of locoregionally advanced
nasopharyngeal carcinoma is not clear. To the best of
our knowledge, no published articles have discussed
this question. Thus, based upon the data of a large,
prospective randomised clinical trial [12], we
conducted a further study to investigate the effect of
the pretreatment serum lipid profile on the prognosis
of patients with locoregionally  advanced
nasopharyngeal carcinoma who received a
combination of chemotherapy and radiotherapy.

Methods

Patients

Patients enrolled in this analysis were drawn
from a randomised trial that compared the efficacy of
induction chemotherapy and concurrent chemoradio-
therapy (IC+CCRT) with that of induction chemo-
therapy and radiotherapy (IC+RT) for patients with
locoregionally advanced NPC. Institutional Review
Board (IRB) of Sun Yat-sen University Cancer Center
(SYSUCC) approved this randomised trial protocol.
This study was conducted between August 2002 and
April 2005 at our institute. The details were
previously described by Huang [12]. Briefly, the study
had an enrolment of 408 stage III or IV (Chinese 1992
staging system) NPC patients [13], and eight patients
not fulfilling the inclusion criteria were excluded due
to pathological type of WHO I in two patients in the
IC + RT group and distant metastasis before the
initiation of treatment in six patients, three each in IC
+ RT and IC + CCRT groups, and all patients were

treated with a uniform conventional 2-dimensional
technique in line with the treatment policy for NPC at
Sun Yat-sen University Cancer Center [14]. Conven-
tional radiation therapy was used in all patients by 2
Gy per fraction with five daily fractions per week to a
total dose of 68-78 Gy. For the IC + CCRT group, 2
cycles of floxuridine (FuDR)+ carboplatin (FuDR, 750
mg/m?, d1-5; carboplatin, area under the curve [AUC]
= 6) were administered. Patients received RT one
week after the completion of their second cycle of
chemotherapy. Patients in this group also received
carboplatin (AUC = 6) on days 7, 28, and 49 of RT. For
the IC + RT group, 2 cycles of FuDR + carboplatin
(FuDR, 750 mg/m?2, d1-5; carboplatin, AUC = 6) were
administered and then patients received RT one week
after the completion of their second cycle of chemo-
therapy.

In the present study, pretreatment serum lipid
concentrations were examined in 342 patients (the
serum lipid concentration was not tested in the rest 58
patients because the doctor in charge believed the
lipid level was not necessary to be known for
chemotherapy or radiotherapy). The serum levels of
total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) were examined from
samples obtained during the early morning prior to
breakfast and before any anti-cancer treatment had
been administered. The lipid levels were measured
immediately by Hitachi 7600 Biochemistry Automatic
Analyzer. We followed the guidelines published by
the American Heart Association, and defined elevated
lipid levels as TC>200 mg/dl, TG>150 mg/dl,
LDL-C>130 mg/dl. Low HDL-C level was defined as
HDL-C<40 mg/dl [15].

Statistical analysis

All endpoints were measured from the date of
random assignment, and statistical tests were per-
formed using SPSS V17.0 (SPSS Inc., Chicago, IL). The
time to the first defining event was assessed for the
following endpoints: local-regional failure-free survi-
val (LR-FFS-persistence/recurrence in the nasophar-
yngeal region and/or in the cervical region), distant
failure-free survival (D-FFS-haematogenous metasta-
sis), failure-free survival (FFS-disease failure at any
site) and overall survival (OS-all cause mortality). The
survival rates were calculated with the Kaplan-Meier
method and were compared with the log-rank test. A
2-tailed p value of less than .05 was considered
statistically significant.

The entire cohort was analysed with the Cox
proportional hazards model for OS, FFS, LR-FFS and
D-FFS. Potentially important prognostic factors that
were considered in the modelling process were as
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follows: patient gender (male, female), age ( <43 years,
>43 years), Chinese 1992 T stage[13] ( T1-2, T3-4),
Chinese 1992 N stage (NO-1, N2-3), radiotherapy dose
(continuous variable), BMI (<23 kg/m?, 223 kg/m?),
treatment arm (IC+CCRT, IC+RT) and pretreatment
serum HDL-C levels (low HDL-C, high HDL-C). We
included all these parameters into the cox regression
model. The last follow-up visit was in August 2011,
and the median follow-up period was 7.3 years.

Results

Baseline Characteristics

As previously described by Huang[12], no
significant differences were observed with respect to
the failure-free survival, loco-regional control, or
distant control between the IC + RT and the IC +
CCRT groups for the total 400 NPC patients.

In the present study, pretreatment serum lipid
concentrations were examined in 342 patients and not
examined in the rest 58 patients. There were no signi-
ficant differences in clinical characteristics distribu-
tion and clinical treatment outcome between patients
whose pretreatment serum lipid concentrations were
tested or not (Data not shown, Table E1,E2).

In the present study, the median age was 43
years (range, 18-65 years) for the entire 342 patients.
The mean HDL-C was 50 mg/dl (range, 24-100
mg/dl). The baseline characteristics of the 342
patients are shown in Table 1 according to the AHA
subgroups. There were 80 patients (23.4%) in low-
HDL-C group and 262 (76.6%) patients in high-HDL-
C group. The two groups showed similar demo-
graphics, such as in the T and N stage, age, BMI and
radiotherapy dose. Aside from these factors,
compared with high-HDL-C patients, the low-HDL-C
group contained a higher proportion of male patients
(p =0.003).

Survival According to the Different Lipid
Profile Categories and Multivariate Analysis
for Different Endpoints

For the entire group, the actuarial 5-year OS,
FFS, LR-FFS, and D-FFS rates were 70.7%, 62.4%,
85.9%, and 70.6%, respectively.

Univariate analysis showed that the 5-year OS
rate in the low-HDL-C and high-HDL-C groups was
64.7% and 72.5%, respectively. This difference was not
statistically significant (p =0.094) (Fig 1). The 5-year
FFS rate was 52.1% and 65.5% (p =0.017) for the two
groups, respectively (Fig 2). For the low-HDL-C and
the high-HDL-C groups, the 5-year LR-FFS rate was
79.1% and 88.0% (p =0.062), respectively, while the
5-year D-FFS rate was 65.2% and 72.1% (p =0.148),
respectively.

Table 1. Baseline characteristics of HDL-C low and high group

Characteristics Low HDL-C High HDL-C p value
Case (Percentage) 80 (23.4%) 262 (76.6%)
Age(y) [mean(range)] 44.8(25-65) 42.8(18-65) 0.374

Mean BMI [mean(range)] 239 (16.8-35.4) 224 (14.4-39.1)  0.564

Sex 0.003
Male 72 (90.0%) 195 (74.4%)

Female 8 (10.0%) 67 (25.6%)

T stage 0.489
T1-2 10 (12.5%) 41 (15.6%)

T3-4 70 (87.5%) 221 (84.4%)

N stage 0.892
NO-1 39 (48.8%) 130 (49.6%)

N2-3 41 (51.2%) 132 (50.4%)

RT Dose(Gy)[median(range)] 72 (68-78) 72 (68-78) 0.726
Treatment Arm 0.067
IC+CCRT 46 (57.5%) 120 (45.8%)

IC+RT 34 (42.5%) 142 (54.2%)

Abbreviations:HDL-C:high-density lipoprotein cholesterol; RT Dose:radiotherapy
dose; IC+CCRT:induction chemotherapy plus concurrent chemoradiotherapy;
IC+RT: induction chemotherapy plus radiotherapy.
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Figure 1. Overall survival by HDL-C group among patients with advanced
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Figure 2. Failure free survival by HDL-C group among patients with advanced
nasopharyngeal carcinoma.
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Univariate analysis showed that pretreatment
HDL-C level, gender, BMI were significantly associa-
ted with FFS. Age, BMI were significantly associated
with OS. Gender was significantly associated with
LR-FFS. BMI was significantly associated with D-FFS
(Data not shown, Table E3). In the meanwhile, we did
not identify a significant correlation between the
prognosis of patients with NPC and the levels of TC,
TG, or LDL-C (Table 2).

A multivariate analysis showed that age, BMI
and HDL-C were independent prognostic factors for
OS. The HR of HDL-C for OS was 0.65 (95% CI
0.43-0.97; p =0.036) (Table 3).

In a multivariate analysis for FFS, we found
similar results. Gender, BMI and HDL-C were all
independent factors. The HR of the HDL-C for the FFS
was 0.60(95% CI 0.41-0.88; p =0.008) (Table 3).

In terms of the LR-FFS and D-FFS, the results of
the multivariate analysis showed that HDL-C was a
marginal independent factor with a HR of 0.57 (95%
CI 0.31-1.04; p =0.067) and a HR 0.65 (95% CI
0.41-1.02; p =0.059), respectively.

Discussion

In the present study, which included data from a
large, randomised trial of patients with locoregionally
advanced nasopharyngeal carcinoma, we found that a

Table 2. Survival according to lipid profiles: univariate analysis

low pretreatment HDL-C level was associated with
poor failure-free survival. We did not find a
correlation between the prognosis of patients with
NPC and the levels of TC, TG or LDL. The findings of
this study demonstrated that the pretreatment HDL-C
level was a significant favourable independent
prognostic factor for patients with locoregionally
advanced nasopharyngeal carcinoma.

In our study, a multivariate analysis showed that
HDL-C was an independent prognostic factor for both
FFS and OS. Many published studies have focused on
the role of lipid profiles in carcinogenesis [16-18]. This
study first investigated the prognostic value of lipid
profiles, including those of TC, TG, HDL-C and
LDL-C in patients with locoregionally advanced NPC.
Our study revealed that HDL-C may act as a
anti-carcinogenic factor among lipid profiles and
influences the prognosis of patients with NPC.

In clinical practice, doctors did not routinely
recommended every NPC patients to receive pretreat-
ment lipid profile test because the result of lipid
profile did not influence the permission of chemo-
therapy. However, our results indicate that pretreat-
ment HDL-C is a prognostic factor and would be
applied in risk stratification for locoregionally
advanced NPC. So we advise locoregionally advanced
NPC patients routinely receive this test in future.

Low HDL-C High HDL-C  pvalue LowTC HighTC pvalue LowTG HighTG pvalue LowLDL-C HighLDL-C pvalue
(n=80) (n=262) (n=210) (n=132) (n=251) (n=91) (n=227) (n=151)
5-year OS % 64.7 725 0.094 66.3 77.7 0.208 69.2 75.1 0.674 69.0 74.1 0.969
HR 1 0.72 1 0.79 1 0.92 1 1.01
95% CI 0.49-1.06 0.55-1.14 0.62-1.37 0.70-1.45
5-year FFS % 52.1 65.5 0.017 60.4 65.4 0.240 61.2 65.9 0.662 62.2 62.8 0.870
HR 1 0.65 1 0.81 1 0.92 1 0.97
95% CI 0.45-0.93 0.58-1.15 0.63-1.34 0.69-1.38
5-year LR-FFS %  79.1 88.0 0.062 84.4 88.2 0.501 85.9 85.9 0.929 85.1 875 0.919
HR 1 0.58 1 0.83 1 1.03 1 0.97
95% CI 0.33-1.04 0.47-1.45 0.57-1.87 0.55-1.72
5-year D-FFS % 65.2 721 0.148 68.3 74.2 0.105 68.7 76.0 0.340 70.8 70.1 0.785
HR 1 0.73 1 0.71 1 0.80 1 0.95
95% CI 0.47-1.12 0.47-1.08 0.51-1.27 0.63-1.42

Abbreviations: TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; HR: hazard ratio; CI:
confidence interval OS: overall survival; FFS: failure free survival; LR-FFS: local-regional failure-free survival; D-FFS: distant failure-free survival.

Table 3. HDL-Cholesterol Effect on Different Endpoint: Multivariate Analysis in Cox Regression Model

Characteristics FFS os D-FFS LR-FFS
HR  95% CI pvalue  HR  95% CI p value HR  95%CI p value HR 95% CI p value

Gender (female vs male) 0.60  0.37-0.95 0.030 0.82  0.52-1.30  0.399 0.77 046-1.28 0.312 027 0.10-0.76 0.013
Age (>43 years vs < 43 years) 110 0.78-1.54 0.596 159 1.11-228 0.011 115 077171  0.504 086  0.50-1.50 0.598
T stage (T3-4 vs T1-2) 1.08 0.62-1.87 0.785 111 0.62-1.97  0.730 1.02  055-1.90 0.942 137  0.55-3.37 0.499
N stage (N2-3 vs NO-1) 116  0.81-1.67 0.423 139 095-2.03 0.094 146 095224  0.082 0.87  0.48-1.58 0.634
RT Dose (continuous variable) 0.96  0.90-1.03 0.307 1.02  095-1.09 0.668 1.01  0.93-1.09  0.862 0.84  0.74-0.95 0.006
BMI Group (223 kg/m? vs <23 kg/m?) 0.57  0.40-0.81 0.002 050 0.34-0.73  0.000 051  0.33-0.78  0.002 076  0.43-1.33 0.334
HDL-C (high HDL-C vs low HDL-C) 0.60  0.41-0.88 0.008 0.65 0.43-0.97  0.036 0.65  041-1.02  0.059 057  0.31-1.04 0.067
Treatment Arm (IC+RT vs IC+CCRT) 110 0.79-1.54 0.570 115 081-1.64 0436 114 0.77-1.68 0515 091  0.53-1.56 0.719

Abbreviations: RT Dose= radiotherapy dose;BMI= body mass index; HDL-C= high-density lipoprotein cholesterol
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Currently, with the improvement in radio-
therapy techniques and imaging technology, excellent
local control rates can be achieved after primary
treatment of NPC. Therefore, it is very difficult to find
a locoregional prognostic factor when little loco-
regional failure occurred. In the present study, we
provide evidence that high HDL-C levels improve the
5-year FFS in patients with NPC (p = 0.017) and
provide marginal benefits with regard to the 5-year
LR-FFS in patients with NPC (p = 0.062). These results
indicate that the level of HDL-C may be a potential
independent prognostic factor of locoregional control
in patients with locoregionally advanced NPC. Larger
sample size of study or meta-analysis may confirm the
role of HDL-C in the local control of NPC. Distant
metastasis represents a major cause of treatment
failure, particularly in patients who present with
advanced primary disease [19]. Our study showed
that HDL-C was a marginal independent factor for
D-FFS according to a Cox regression analysis (p
=0.059). The inner mechanism of influence of HDL-C
on the metastasis of NPC is still unclear, and further
laboratory research is needed.

In our previous study, BMI was a favourable
prognostic factor for patients with locoregionally
advanced NPC. Patients with a higher BMI had a
better prognosis. In this study, an inverse association
was observed between BMI and HDL-C levels
(r=-0.250, p<0.001) according to a Pearson correlation
analysis. This result was consistent with that of
Rutherford’s study [20] which showed that HDL-C
levels were inversely related to BMI in an American
cohort. Interestingly, although HDL-C and BMI
demonstrated an inverse relationship, they were both
favourable prognostic factors for locoregionally
advanced NPC. This phenomenon implies that
HDL-C and BMI may operate through different
mechanisms in regard to their influence on the
prognosis of NPC. A Cox regression analysis further
confirmed that HDL-C and BMI were both
independent prognostic factors for locoregionally
advanced NPC. This result indicates that the
combined factors of HDL-C (biomarker) and BMI
(anthropometric characteristics) would be of great
benefit to predict NPC prognosis.

In the current study, the unbalanced distribution
of gender is one potential confounding factor in our
results. The low-HDL-C group contained a higher
proportion of male patients. Compared with female
patients, male patients had a lower FFS in this study
and in other studies [21-24]. However, a Cox
regression analysis showed that, after the adjustment
for age, gender, T stage, N stage, BMI, radiotherapy
dose and treatment modality, HDL-C was still an
independent prognostic factor for NPC.

There remains a relative paucity of research that
has examined the influence of lipid profiles on the
survival of patients with locoregionally advanced
nasopharyngeal carcinoma. The level of HDL-C in the
blood is influenced by several lifestyle-related factors,
such as obesity and dietary components [25]. The
function of HDL-C in reverse cholesterol transport is
important in the development of atherosclerosis.
However, it is not clear whether this function of
HDL-C could influence carcinogenesis. According to
several previously published studies, HDL-C
prevents the generation of reactive oxygen species [26,
27], modulates cytokine production [28], and acts as
an  anti-inflammatory = modulator  [29] and
anti-carcinogenic factor [30]. These studies provide a
possible explanation for the involvement of plasma
HDL-C in tumourigenesis as well as in the
progression and development of cancer. However,
further studies are required for a better
understanding of this phenomenon.

The present study was based on conventional
two-dimensional radiotherapy. Although intensity
modulated radiation therapy (IMRT) has gradually
replaced 2-dimensional conventional radiation
therapy as the primary radiation therapy modality for
the treatment of NPC recent years. Several studies
revealed that these two radiotherapy techniques had
similar pattern of failure in NPC [31, 32]. So, the
conclusion drawn from the present study could
probably extend to the NPC patients received IMRT
and need further clinical study.

The major limitation of this study is that the data
were obtained exclusively at one center. NPC is a
unique disease that is characterised by an unbalanced
endemic distribution. Our report reflects findings in
patients who were referred to a single cancer centre in
an area where NPC is endemic. It is uncertain whether
the same conclusion could be extrapolated to an area
with a low incidence of NPC. Therefore, our findings
should be interpreted with caution until they are
validated in a large multi-institutional pooled
analysis.

In conclusion, the pretreatment level of HDL-C
in the serum was an independent prognostic factor for
patients with locoregionally advanced nasopharyn-
geal carcinoma who were treated with chemoradio-
therapy. The mechanism by which HDL-C influences
the prognosis of NPC is unclear and should be further
investigated in future studies.
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