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Abstract

Background: In the era of intensity-modulated radiotherapy (IMRT), distant metastasis remains the
major cause of death from nasopharyngeal carcinoma (NPC). This study aimed to evaluate the clinical
value of pretreatment serum lipid profiles in predicting clinical outcome of NPC.

Methodology / Principal Findings: A total of 1927 consecutive patients who had untreated NPC and
completed radical IMRT between Jan. 2010 and Dec. 2011 were retrospectively reviewed. Pretreatment
serum lipid indexes including total cholesterol, triglyceride, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, apolipoprotein A-l (apoAl) and apolipoprotein B were analyzed for
their association with survivals, together with the clinical features (age, sex, pathological type, anemia,
chemotherapy sequence and Epstein-Barr virus deoxyribonucleic acid). Hazard ratio (HR) and 95%
confidence interval (Cl) were calculated for each independent prognosticator. After univariate and
multivariate survival analysis, low apoAl level (< 1.125 mmol/L) appeared to predict poor 5-year overall
survival (OS), disease-free survival (DFS) and distant-metastasis-free survival (DMFS).The HRs were
1.549 (95% Cl, 1.137-2.109), 1.293 (95% ClI, 1.047-1.597) and 1.288 (95% ClI, 1.022-1.623), respectively.
Subgroup survival analysis showed that the apoAl maintained predicting independence for OS, DFS and
DMFS in patients with locally advanced NPC, even in those treated with concurrent chemoradiotherapy.

Conclusions / Significance: NPC patient with low serum level of pretreatment apoAl might be at risk
of distant metastasis. Treatment aiming to eradicate distant metastasis might improve survival of these
patients.

Key words: nasopharyngeal carcinoma; apolipoprotein A-I; distant metastasis; survival; intensity-modulated
radiotherapy

Introduction

The nasopharyngeal carcinoma (NPC) is a rare
malignancy in the world, but it threats the health of
many Chinese, especially in the southern provinces
[1]. Multimodality treatments based on radiotherapy
(RT) are now the standard management for NPC [2].
Owing to the popularization of the intensity-
modulated radiotherapy (IMRT) technique, the
overall survival (OS) of patients with NPC has now

reached 85% [3]. However, distant metastasis (DM)
rather than local recurrence (LR) remains the major
cause of death [2]. Even after intensified systemic
chemotherapy, such as neoadjuvant chemotherapy
(NACT) or adjuvant chemotherapy (ACT), nearly 15%
of NPC patients still undergo DM after a 5-year
follow-up [4,5]. In other words, there is a need to
develop treatment modalities which could further
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reduce DM and improve survival in the era of IMRT.

Expression of a series of biomarkers, such as the
epidermal growth factor receptor and the vascular
endothelial growth factor, have been reported to be
associated with progression of NPC and prognosis of
the patients [6,7]. And antagonists and antibodies
targeted those biomarkers have also been developed
[8-10]. However, harsh detecting conditions of those
markers and high cost of the targeted drugs limit their
application. A marker which has simple testing
methods and mature means of interference might be a
target more practical for clinical treatment.

Serum lipid profiles are a group of practical
indexes which can now be tested routinely and
interfered easily in the daily clinical works [11,12].
Recent studies indicated level of serum lipids were
predictors of oncogenesis, DM and long-term
outcome of many malignant tumors, such as breast,
lung, and hepatic cancers [13-15]. In patients with
NPC, there are few studies focusing on the
relationship between serum lipids and prognosis
[16-19]. And in those studies, the RT technique was
almost 2-dimensional radiotherapy (2DRT), or only
one index of serum lipids was analyzed. Considering
IMRT is now the main RT technique for NPC patients,
this study aimed to evaluate the prognostic value of
the serum lipid profiles in non-metastatic NPC
patients who received IMRT.

Materials and Methods

Ethical statement

This study was approved by the Institutional
Review Board of the Sun Yat-sen University Cancer
Center. Written informed consents were obtained
from all individual participants included in the study.

Patient selection

Patients with pathologically diagnosed and
previously untreated NPC in our hospital from
January 1st 2010 to December 31st 2011 were initially
considered. The patients were enrolled into this study
for the following reasons: (i) age = 18 and < 70 years
old; (ii) stage I-IVB disease at diagnosis; (iii)
completed radical RT with IMRT technique. The
exclusion criteria included: (i) DM before or during
RT; (ii) Eastern Cooperative Oncology Group
performance score > 2; (iii) severe hematopoietic,
heart, lung, liver or kidney dysfunctions unsuitable
for RT; (iv) prior history of other malignancies; (v)
lack of pretreatment serum lipid profiles, complete
blood count or serum level of Epstein-Barr virus
(EBV) deoxyribonucleic acid (DNA); (vi) regular
intake of lipid-modulating drugs, such as niacins and
statins, before treatment.

Diagnosis and staging work-up

Before treatment, all the patients underwent a
biopsy under nasopharyngoscope to make the
pathologic diagnosis. Then they received magnetic
resonance imaging (MRI) of head and neck,
thoraco-abdominal computed tomography (or chest
radiograph plus abdominal ultrasonography), and
whole-body bone scan (or positron emission
tomography) to evaluate the stage. The stage of each
patient was determined according to the 7th edition of
TNM staging system of the Union for International
Cancer Control / American Joint Cancer Committee
[20].

Serum lipid profiles

Serum lipid profiles of each enrolled patient was
tested a week before treatment started, including level

of total cholesterol (TC), triglyceride (TG),
high-density  lipoprotein  cholesterol ~ (HDL-c),
low-density  lipoprotein  cholesterol ~ (LDL-c),

apolipoprotein A-I (apoAl) and apolipoprotein B
(apoB).
Treatment

Treatment strategy of all the patients was based
on the guidelines of the National Comprehensive
Cancer Network and our hospital. Stage T1-2NOMO
disease was treated with RT alone. Stage T2N1MO0 and
locally advanced-stage (stage III-IVB) diseases were
treated with combination of RT and chemotherapy.
The sequences of chemotherapy included concurrent
chemotherapy (CCT) alone, NACT alone, NACT +
CCT, CCT + ACT, and NACT + CCT + ACT.

The irradiation technique of all the patients in
this study was IMRT, whose target definition,
delineation and dose prescription were made
according to the International Commission on
Radiation Units and Measurements Report 83 [21].
More details were in the supplementary materials.

The regimen of concurrent chemotherapy (CCT)
was single-agent cisplatin 40 mg/m? weekly or 80
mg/m? every 3 weeks throughout the whole
procedure of RT. The NACT was administered every
3-4 weeks for 2-3 cycles, with the regimen comprised
of docetaxel 75 mg/m? d1 plus cisplatin 75 mg/m?2d1,
or cisplatin 80 mg/m?2 d1 plus 5-fluorouracil 1000
mg/m? d1-4. The ACT was performed every 3-4
weeks with the cisplatin plus 5-fluorouracil regimen,
for 2-6 cycles.

Follow-up

The follow up after treatment was done by
outpatient interview every 3-6 months for the first 3
years. During each interview, disease status and
treatment toxicities were assessed through physical
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examination, head and neck MRI, chest radiograph,
abdominal  ultrasonography, hematology and
biochemistry profiles, serum EBV DNA level. The
whole-body bone scan was performed annually. In
the 4th and 5th years, the patients were followed by
outpatient interview, telephone and letters
semi-annually. And the patients were followed
annually thereafter, until death from NPC or
December 31st 2016, whichever came first. The causes
of deaths were confirmed by death certificates.

The primary endpoint of this study was OS. It
referred to the percentage of the patients who were
alive after a certain time period from pathological
diagnosis. And secondary endpoints included
disease-free survival (DEFS), local-recurrence-free
survival (LRFS) and distant-metastasis-free survival
(DMFS). These 3 endpoints were defined as the
percentage of patients who had no corresponding
events after a certain time period from diagnosis. The
events for DFS included death, LR and DM. And the
events for LRFS and DMFS were LR and DM,
respectively. The patient without death, LR or DM
until December 31st 2016, and the patients lost to
follow-up were regarded censored.

Definitions of cutoff values

The definition of anemia is based on the
standard of the World Health Organization (WHO),
in which anemia is defined as hemoglobin < 130
(male) or 120 (female) g/L [22]. The upper normal
limit of pretreatment EBV DNA was 4000 copies/ml,
which referred to the previous studies [23,24]. The
cutoff value of the age was the median age of the
patients involved. The cutoff values of the serum lipid
profiles were determined by a receiver operating
characteristic (ROC) analysis.

Statistical analysis

The survival analysis was performed to
determine the prognostic factors. First, a univariate
survival analysis based on Kaplan-Meier approach
was used to screen the possible predictors from age,
sex (female vs. male), T stage (T1-2 vs. T3-4), N stage
(NO-1 vs. N2-3), pathologic type (WHO III vs. WHO
[-II), CCT (yes vs. no), NACT/ACT (yes vs. no),
anemia (no vs. yes), EBV DNA (< 4000 vs. > 4000
copies/ml), TC, TG, LDL-c, HDL-c, apoAl and apoB.
Difference in survival of patients grouped by each
factor above was assessed by a log-rank test.

The factors which showed statistical significance
in univariate analysis then entered a multivariate
analysis based on the Cox proportional hazards
model, to determine their independence on prognosis
prediction. The hazard ratio (HR) and 95% confidence
interval (CI) of each independent risk factor were

calculated.

Finally, the subgroup survival analyses of the
serum lipid profiles which maintained as
independent prognosticators were made in patients
with early (stage I-II) and locally advanced (stage
III-IVB) stages of disease, respectively. And subgroup
analysis was also performed in those who had locally
advanced NPC and received CCT.

The statistical analysis in this study was done
through IBM SPSS Statistics 23.0 (IBM Co., Armonk,
New York, US). A difference with a two-sided P value
of less than 0.05 was considered to be statistically
significant. The whole procedure of the study was
summarized as the Figure 1.

Results

Patient profiles

A total of 1927 patients were eligible for analysis,
including 309 patients with early (stage I-1I) diseases
and 1618 patients with locally advanced (stage
[I-IVB) diseases. A total 121 patients were lost to
follow-up (6.3%). The median follow-up time was 66.2
(range, 5.97-89.7) months.

The baseline clinical characteristics of the
patients were shown in Table 1. The patients who
received RT alone, RT + CCT, NACT + RT, NACT +
RT + CCT, RT + CCT + ACT, NACT + RT + CCT +
ACT were 273, 676, 309, 633, 19 and 17, respectively.
Cutoff values

The median age of the patients was 45 (range,
18-70) years old. The cutoff values of TC, TG, HDL-c,
LDL-c, apoAl and apoB for predicting OS were 4.845,
0.765, 1.165, 3.725, 1125 and 0.995 mmol/L,
respectively. The ROC curves of the serum lipid
indexes above were shown in Figure S1 in the
supplementary materials. Thus, the age (< 45 vs. > 45
years old), TC (< 4.845 vs. > 4.845 mmol/L), TG (=
0.765 vs. > 0.765 mmol /L), LDL-c (< 3.725 vs. > 3.725
mmol/L), HDL-c (= 1.165 vs. < 1.165 mmol/L), apoAl
(= 1.125 vs. < 1.125 mmol/L) and apoB (< 0.995 vs. >
0.995 mmol/L) were put into survival analysis,
together with sex, T stage, N stage, pathologic type,
CCT, NACT/ACT, anemia and EBV DNA.

Survival analysis

As shown in Table 1, the univariate analysis on
the full group of patients showed that pathologic
type, NACT/ACT and EBV DNA were possible
predictors of the OS, DFS, LRFS and DMFS. Age, T
stage, N stage, and apoAl were possible predictors of
the OS, DFS and DMFS. And sex was a possible
predictor of the OS and DMFS. The possible
predictors of OS also included HDL-c, LDL-c and
apoB.
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Figure 1. Procedure of this study. Abbreviations: NPC, nasopharyngeal carcinoma; RT, radiation therapy; IMRT, intensity-modulated radiotherapy; CCT,
concurrent chemotherapy; NACT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy; TC, total cholesterol, TG, triglyceride; HDL-c, high-density lipoprotein
cholesterol; LDL-c, low-density lipoprotein cholesterol; apoAl, apolipoprotein A-l; apoB, apolipoprotein B; EBV DNA, Epstein-Barr virus deoxyribonucleic acid.

Table 1. Univariate survival analysis in the full group of patients.

0OS P Value DFS P Value LRFS P Value DMFS P Value
All Patients 1684/1927 1566,/1927 1808/1927 1628/1927 (84.5%)
(87.4%) (81.3%) (93.8%)
Age (years old)
<45 826/917 (90.1%)  0.001** 768/917 0.009** 865/917 (94.3%) 0.364 799/917 (87.1%) 0.002**
(83.8%)
>45 858/1010 (85.0%) 798/1010 943/1010 (93.4%) 829/1010 (82.1%)
(79.0%)
Sex
Female 450/501 (89.8%) 0.049* 414/501 0.347 465/501 (92.8%) 0.311 440/501 (87.8%) 0.016*
(82.6%)
Male 1234/1426 1152/1426 1343/1426 1188/1426 (83.3%)
(86.5%) (80.8%) (94.2%)
T Stage
T1-2 509/550 (92.5%)  <0.001** 479/550 <0.001** 516/550 (93.8%) 0.884 498/550 (90.5%) <0.001**
(87.1%)
T3-4 1175/1377 1087/1377 1292/1377 1130/1377 (82.1%)
(85.3%) (78.9%) (93.8%)
N Stage
No-1 966/1048 (92.2%) <0.001** 902/1048 <0.001** 988/1048 (94.3%) 0.219 934/1048 (89.1%)  <0.001**
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[oF} P Value DFS P Value LRFS P Value DMFS P Value
(86.1%)
N2-3 718/879 (81.7%) 644/879 820/879 (93.3%) 694/879 (79.0%)
(75.5%)
Pathologic type
WHO III 1625/1849 0.002** 1512/1849 0.007** 1741/1849 0.002** 1571/1849 (85.0%) 0.007**
(87.9%) (81.8%) (94.2%)
WHO I-II 59/78 (75.6%) 54/78 (69.2%) 67/78 (85.9%) 57/78 (73.1%)
CCT
Yes 508/581 (87.4%) 0.951 479/581 0.446 547/581 (93.7%) 0.714 496/581 (84.1%) 0.532
(80.8%)
No 1176/1346 1087/1346 1261/1346 1132/1346 (85.4%)
(87.4%) (82.4%) (94.1%)
NACT/ACT
Yes 865/949 (83.7%)  <0.001** 812/949 <0.001** 906/949 (95.5%)  0.002** 837/949 (80.9%) <0.001**
(77.1%)
No 819/978 (91.1%) 754/978 902/978 (92.2%) 791/978 (88.2%)
(85.6%)
Anemia
Yes 1531/1745 0.172 1424/1745 0.269 1635/1745 0.481 1480/1745 (84.8%) 0.226
(87.7%) (81.6%) (93.7%)
No 153/182 (84.1%) 142/182 173/182 (95.1%) 148/182 (81.8%)
(78.0%)
EBV DNA (copies/ml)
<4000 1061/1151 <0.001** 1015/1151 <0.001** 1102/1151 <0.001** 1044/1151 (90.7%) <0.001**
(92.2%) (88.2%) (95.7%)
> 4000 623/776 (80.3%) 551/776 706/776 (91.0%) 584/776 (75.3%)
(71.0%)
TC (mmol/L)
<4.845 644/722 (89.2%) 0.054 594/722 0.316 674/722 (93.4%) 0.618 619/722 (85.7%) 0.197
(82.3%)
> 4.845 1040/1205 972/1205 1134/1205 1009/1205 (83.7%)
(86.3%) (80.7%) (94.1%)
TG (mmol/L)
<0.765 235/259 (90.7%)  0.091 217/259 0.260 244/259 (94.2%) 0.740 227/259 (87.6%) 0.136
(83.8%)
> 0.765 1449/1668(86.9%) 1349/1668 1564/1668 1401/1668 (84.0%)
(80.9%) (93.8%)
HDL-c (mmol/L)
>1.165 1034/1166 0.025* 957/1166 0.243 1098/1166 0.422 996/1166 (85.4%)  0.138
(88.7%) (82.1%) (94.2%)
<1.165 650/761 (85.4%) 609/761 710/761 (93.3%) 632/761 (83.0%)
(80.0%)
LDL-c (mmol/L)
<3.725 1234/1399 0.045* 1148/1399 0.100 1310/1399 0.702 1191/1399 (85.1%) 0.136
(88.2%) (82.1%) (93.6%)
> 3.725 450/528 (85.2%) 418/528 498/528 (94.3%) 437/528 (82.8%)
(79.2%)
ApoAI (mmol/L)
>1.125 1042/1160 <0.001** 972/1160 0.001** 1093/1160 0.369 1007/1160 (86.8%) 0.001*
(89.8%) (83.8%) (94.2%)
<1125 642/767 (83.7%) 594/767 715/767 (93.2%) 621/767 (81.0%)
(77.4%)
ApoB (mmol/L)
<0.995 1024/1149 0.005** 948/1149 0.079 1082/1149 0.372 984/1149 (85.6%)  0.078
(89.1%) (82.5%) (94.2%)
>0.995 660/778 (84.8%) 618/778 726/778 (93.3%) 644/778 (82.8%)
(79.4%)

* P <0.05,* P <0.01. Abbreviations: OS, overall survival; DFS, disease-free survival; LRFS, local-recurrence-free survival; DMFS, distant-metastasis-free survival, WHO,
World Health Organization; CCT, concurrent chemotherapy; NACT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy; EBV DNA, Epstein-Barr virus
deoxyribonucleic acid; TC, total cholesterol, TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; apoAl, apolipoprotein
A-I; apoB, apolipoprotein B.

The results of multivariate analysis were shown
in Table 2. WHO pathologic type I-1l and EBV DNA >
4000 copies/ml were independent risk factors of the
OS, DFS, LRFS and DMFS. And age > 45 years old,
T3-4 disease and N2-3 disease were independent risk
factors of the OS, DFS and DMFS. Among the serum
lipids, apoAl < 1.125 mmol/L appeared to predict

poor OS (HR =1.594, 95% CI = 1.137 - 2.109), DFS (HR
=1.293,95% CI =1.047 - 1.597) and DMFS (HR =1.288,
95% CI =1.022 - 1.623) independently.

To explore the prognostic impact of apoAl on
different stages of NPC, the subgroup survival
analyses were performed in cases with early and
locally advanced diseases, respectively. The results
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were shown as Table S1-S3 (refer to the
supplementary materials). Although apoAl was not a
statistically significant predictor of patients with stage
I-II NPC, the subgroup analysis in patients with stage
[I-IV NPC revealed that apoAl < 1.125 mmol/L still
predicted poorer OS, DFS and DMFS independently
(HRs were 1.511, 1.321 and 1.401, respectively).
Considering IMRT plus CCT was the standard
treating mode for stage III-IVB NPC, we also
performed subgroup analysis in stage III-IV NPC
patients treated with CCT. ApoAl < 1.125 mmol/L
maintained to predict poorer OS, DFS and DMFS
independently (HRs were 1.548, 1.277 and 1.383,
respectively). The OS curves of patients divided by
the apoAl in full group and subgroup analyses were
shown in Figure 2. The DFS and DMFS curves were
shown as Figure S2 and S3, respectively.

Discussion

Because of improved treatment effects and
decreased adverse events, IMRT has replaced the
2DRT and 3-dimensional RT as the standard RT
technique for NPC [25]. The advent of CCT further
reduces the LR and ameliorates the OS of locally

Table 2. Multivariate survival analysis in the full group of patients.

advanced NPC [26]. But until now, the DM still
threats the survival of NPC patients, especially those
with locally advanced diseases. In this study, the
5-year DM rate of 1927 patients treated with IMRT
appeared to be 15.5%, which was similar to the data
reported by the previous studies [4,5]. In 1618 patients
with stage III-IVB diseases, the DM rate was as high as
17.4% (16.8% in cases treated with standard IMRT
plus CCT). To reduce DM and achieve final success of
treatment, approaches were made to change the
chemotherapy sequence into NACT plus CCT, or CCT
plus ACT. Nevertheless, there was no confirmed
evidence supporting that addition of NACT or ACT
brought survival benefit [27,28]. Considering
increased incidence of severe toxicities [29], the
clinical application of NACT and ACT are now
limited. Some oncologists tried to explore indexes
indicating patients who might be at high risk of DM
and in a real need of such intensified modes of
chemotherapy. For example, stage N2-3 diseases and
high serum level of pretreatment EBV DNA are
acknowledged risk factors predicting DM [23,24].

Survival Factors Variables P Value HR 95% CI for HR
os Age > 45 vs. <45 years old 0.001** 1.540 1.181-2.008
Sex Male vs. Female 0.572 1.097 0.796-1.513
T stage T3-4 vs. T1-2 0.001** 1.763 1.248-2.491
N stage N2-3 vs. NO-1 <0.001** 1.943 1.453-2.600
Pathologic type WHO I-II vs. IIT 0.003** 2.062 1.284-3.313
NACT/ACT Yes vs. No 0.384 1.135 0.853-1.510
EBV DNA > 4000 vs. < 4000 copies/ml <0.001** 2.023 1.527-2.679
HDL-c <1.165 vs. 2 1.165 mmol/L 0.621 0.925 0.678-1.262
LDL-c > 3.725 vs. < 3.725 mmol/L 0.594 1.101 0.773-1.567
apoAl <1.125 vs. 2 1.125 mmol/L 0.005** 1.549 1.137-2.109
apoB > 0.995 vs. < 0.995 mmol/L 0.134 1.287 0.925-1.792
DFS Age > 45 vs. <45 years old 0.013* 1.308 1.059-1.615
Sex Male vs. Female 0.796 0.968 0.757-1.238
T stage T3-4 vs. T1-2 0.006** 1.458 1.114-1.909
N stage N2-3 vs. NO-1 0.005** 1.391 1.103-1.755
Pathologic type WHO I-II vs. IIT 0.004** 1.843 1.215-2.795
NACT/ACT Yes vs. No 0.508 1.082 0.857-1.365
EBV DNA > 4000 vs. < 4000 copies/ml <0.001** 2.356 1.870-2.968
apoAl <1.125 vs. 21.125 mmol/L 0.017* 1.293 1.047-1.597
LRFS Pathologic type WHO I-II vs. IIT 0.002** 2.664 1.431-4.961
NACT/ACT Yes vs. No 0.056 1.458 0.990-2.148
EBV DNA > 4000 vs. < 4000 copies/ml <0.001** 2.140 1.464-3.130
DMFS Age > 45 vs. <45 years old 0.003** 1.427 1.130-1.803
Sex Male vs. Female 0.220 1197 0.898-1.594
T stage T3-4 vs. T1-2 0.001** 1.718 1.262-2.339
N stage N2-3 vs. NO-1 0.001** 1.553 1.202-2.006
Pathologic type WHO I-II vs. IIT 0.007** 1.854 1.186-2.897
NACT/ACT Yes vs. No 0.871 1.021 0.793-1.315
EBV DNA > 4000 vs. < 4000 copies/ml <0.001** 2.432 1.883-3.141
apoAl <1.125 vs. 21.125 mmol/L 0.032* 1.288 1.022-1.623

* P <0.05,* P <0.01. Abbreviations: HR, hazard ratio; CI, confidence interval; OS, overall survival; DFS, disease-free survival; LRFS, local-recurrence-free survival; DMFS,

distant-metastasis-free survival; WHO, World Health Organization; CCT, concurrent chemotherapy; NACT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy; EBV
DNA, Epstein-Barr virus deoxyribonucleic acid; TC, total cholesterol, TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; apoAl apolipoprotein A-I; apoB, apolipoprotein B.
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chemotherapy (CCT) during radiotherapy.

The role of Ilipid metabolism in cancer
development and treatment is one of the research
hotspots nowadays. The prognostic value of the
serum lipids, especially the apoAl, was shown in
many kinds of cancers [15,29,30]. Recent studies of
Jiang et al and Luo et al reported apoAl as a
prognostic factor of NPC in both non-metastatic and
metastatic patients who received 2DRT, respectively
[16,17]. For validating the results in the era of IMRT,
we performed an analysis on correlation between all
commonly used serum lipid indexes and prognosis of
NPC, in a large scale of cases treated with IMRT. This
was the strength of our study. In this study, the cutoff
values of pretreatment serum TC, TG, HDL-c, LDL-c,
apoAl and apoB were calculated as 4.845, 0.765, 1.165,
3.725, 1.125 and 0.995 mmol/L, respectively. But
through univariate and multivariate survival
analyses, only low apoAl (< 1.125 mmol/L) emerged
as a factor predicting the poor DMFS and OS (HRs
were 1.288 and 1.594, respectively). Its predicting
abilities were independent of the well-known
prognosticators, such as the N stage and EBV DNA.
Subgroup analyses revealed that the prognostic
impact of apoAl mainly existed in stage III-IVB NPC

patients but not the ones with stage I-II diseases. In
cases treated with CCT, low apoAl maintained its
inverse association with DMFS and OS. Based on
these results, it could be easily inferred that low level
of serum apoAl before treatment might be an
indicator of intensified chemotherapy for patients
with locally advanced NPC, even treated with IMRT
and CCT. Although HDL-c finally failed to be an
independent predictor, low level of HDL-c was
associated with decreased OS in the univariate
analysis. The explanation might be that the
concentration of HDL-c was influenced by apoAl,
which was the core component of HDL-c [31].
However, Liu et al gained an opposite result that high
HDL-c level predicted poor clinical outcome [18]. And
additionally, the study of Tang et al showed a
negative correlation between serum LDL-c level and
survival of NPC patients [19].

ApoAl might not predict the DM only through
reflecting the tumor burden, as N stage and EBV DNA
did. Its predicting abilities might also come from its
anti-tumor  activities. It have been widely
demonstrated in animal models that apoAl could
inhibit tumor progression. The studies of
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Zamanian-Daryoush et al and Su et al demonstrated
that apoAl gene null mice had obviously larger size of
the xenograft tumor and poorer survival. Supplement
of exogenous apoAl resulted in not only the
retardation of tumor growth but also the tumor
shrinkage [32,33]. Until now, the exact molecular
mechanisms through which apoAl plays its
anti-tumor role remain unclear. Yet apoAl and its
mimetic peptides was proved to alter the
microenvironment to a state against growth of the
tumor cells, including decreasing levels of the
anti-apoptotic protein survivin, reducing recruitment
of myeloid-derived suppressor cells, and increasing
accumulation of tumor-associated macrophages with
an M1-like anti-tumor phenotype and CD8+ T cells
[32-34]. ApoAl could also inversely influence the
migration of the tumor cells, through decreasing
concentration and activity of the migration-related
enzyme matrix metalloproteinase-9, and reducing the
tumor angiogenesis [32,35]. And it could also inhibit
inflammation which was thought to take an important
part in tumor metastasis [36]. For NPC, a recent study
of Zheng et al showed that apoAl biomimetic
peptides could inhibited the growth of 5-8F cells both
in vitro and in vivo [37]. In a word, apoAl might be a
potential treatment target of malignant tumors,
including NPC. Actually, the drugs used to increase
the serum apoAl concentration, such as the niacin and
statin [38,39], were also tried to prevent or treat
malignant tumors. Park et al demonstrated in 114116
cases of healthy individuals that niacin intake could
reduce the risk of skin squamous cell carcinoma [40].
And several studies proved that statin intake could
improve survivals of colon and overian cancers
[41,42]. These lipid-modulating agents might be
another choice which could help to further eradicate
the DM of the locally advanced NPC patients, when
combined with chemoradiotherapy.

Conclusion

In conclusion, this study proved pretreatment
serum apoAl level <1.125 mmol/L as an independent
risk factor to predict DM and death of NPC patients,
particular those with stage III-IVB diseases. This
finding may be informative for clinicians to conduct
clinical trials on new therapeutic modalities, and
direct individualized treatment strategies. Indeed, the
retrospective nature was the main disadvantage of
this study. Therefore, we informed that further
verification might be needed before the results of this
study could be popularized.
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