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ABSTRACT

Background: The effects of induction chemotherapy (IC) followed by concurrent 
chemoradiotherapy (CCRT) in high-risk (stage III-IVb with EBV DNA≥4000 copies/
ml) nasopharyngeal carcinoma (NPC) patients are unclear.

Methods: A total of 325 high-risk NPC patients treated with IC+CCRT or CCRT 
alone who were treated with intensity-modulated radiation therapy (IMRT) between 
March 2007 and March 2013 were included. For each patient in the IC+CCRT group, 
a matched pair in the CCRT group was matching for: gender, age, T stage, N stage, 
clinical stage and WHO (World Health Organization) type. The primary endpoint was 
overall survival (OS), and the secondary endpoints were progression-free survival 
(PFS), distant metastasis-free survival (DMFS), and locoregional relapse-free survival 
(LRFS).

Results: There were no significant differences in OS, PFS, DMFS, and LRFS between 
the IC+CCRT (148 patients) and CCRT (177 patients) groups. After matching, 103 
paired patients were analyzed, and there were no differences between the IC+CCRT 
and CCRT groups regarding clinical outcomes. Based on the subgroup analysis of 156 
very-high-risk patients (stage N2-3 with EBV DNA ≥4000 copies/ml), the 5-year OS 
of the IC+CCRT and CCRT groups was 84.3% and 67.5% (P =0.033), respectively. 
Based on our multivariate analysis, the treatment group was significantly associated 
with OS (P=0.034; HR0.451, 95%CI 0.216-0.941).

Conclusions: IC+CCRT did not improve the clinical outcomes of high-risk NPC 
patients compared to CCRT alone. However, in very-high-risk patients, IC+CCRT 
treatment led to increased OS compared to patients received CCRT treatment alone.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is epidemic in 
Southern China and Southeast Asia but is rare worldwide. 
The incidence of NPC in Southern China is approximately 
15–30 for every 100,000 people per year [1]. NPC differs 
from other head and neck carcinomas in its correlation 
with the Epstein–Barr virus (EBV), aggressive natural 
locoregional history, greater tendency for distant metastases 
and special therapeutic considerations [2, 3]. Radiotherapy 
is the primary treatment modality, and for locoregionally 
advanced NPC, concurrent chemoradiotherapy (CCRT) is 
recommended as the standard of care based on large-scale 
clinical trials and meta-analysis [4–9]. With the widespread 
use of intensity modulated radiotherapy (IMRT), a local 
control rate of up to 90% has been achieved for locally 
advanced NPC [10–12]. Presently, distant metastases are 
the primary cause of treatment failure. A phase III study in 
Taiwan comparing CCRT with radiotherapy alone showed 
that CCRT improved survival rates of low-risk patients, 
in the meantime, reduced local recurrence rate and distant 
metastasis rate [9]. However, no significant results were 
observed for high-risk patients. Induction chemotherapy (IC) 
has been considered to show good compliance and has the 
ability to shrink tumor size and eliminate micrometastasis. 
A randomized phase II trial in Hong Kong comparing 
docetaxel and cisplatin IC+CCRT with CCRT alone in 
advanced NPC showed that patients receiving IC+CCRT 
had improved OS [13]. However, the 3-year progression-free 
survival (PFS) rate and OS rate were very similar between 
the IC+CCRT and CCRT groups in a randomized phase 
II study conducted by the Hellenic Cooperative Oncology 
Group (HeCOG) that compared IC+CCRT with weekly 
cisplatin versus the same CCRT in cases of locally advanced 
NPC [14]. Recently, a randomized phase II/III trial of 
locally advanced NPC in Singapore showed no differences 
in survival between induction chemotherapy with GCP 
(gemcitabine, carboplatin, and paclitaxel) prior to CCRT and 
CCRT alone in cases of locally advanced NPC [15]. Because 
of these inconsistent results of clinical trials, there has been 
controversy regarding the effects of induction chemotherapy 
on NPC, suggesting that the selection of an appropriate target 
patient group could be important. MAC meta-analysis has 
revealed that while induction chemotherapy did not improve 
OS, it decreased distant metastasis free survival (DMFS) rate 
and improved local control rate [4]. EBV deoxyribonucleic 
acid (DNA) is an important prognostic factor for NPC 
patients, and EBV DNA combined with TNM staging could 
identify patients at high risk of locoregional recurrence 
and distant metastasis within a group of locoregionally 
advanced NPC patients [16]. Previous studies of stratified 
NPC patients have identified an EBV DNA concentration 
of 4000 copies/ml as a prognostic cut-off value [17–19]. 
Induction chemotherapy might be combined with CCRT to 
improve the treatment outcomes in cases of high-risk NPC. 
Therefore, it is necessary to evaluate the role of induction 

chemotherapy in high-risk, locoregionally advanced NPC 
patients receiving concurrent CCRT based on IMRT.

In this study, we compared the clinical outcomes 
in patients with locoregionally advanced NPC with 
a pretreatment EBV DNA concentration of ≥ 4000 
copies/ml treated with cisplatin plus fluorouracil induction 
chemotherapy regimen followed by CCRT to those 
receiving CCRT alone.

RESULTS

Patient characteristics

Table 1 shows the baseline clinical characteristics 
of patients before and after matching. We analyzed a total 
of 325 consecutive locoregionally advanced NPC patients 
who were treated with CCRT followed by PF induction 
chemotherapy (IC) regimen and patients treated with 
cisplatin CCRT between March 2007 and March 2013 
at Sun Yat-sen University Cancer Center. A total of 206 
patients were included in this study after matching, and 
the two groups were well balanced due to their accordance 
with the strict matching conditions. The ratio of males to 
females in each group was 2.68:1, with a total of 75 males 
and 28 females. The median follow-up time after matching 
was 49 months (range: 9-100) and 50 months (range: 
4-100) for the IC+CCRT and CCRT groups, respectively.

Survival outcomes before matching

In the unmatched population (n = 325), 49 patients 
(15.1%) had died, 13 patients (4.0%) had locoregional 
recurrence, and 49 patients (15.1%) had distant metastasis. 
The 5-year OS, 5-year PFS, 5-year LRFS and 5-year 
DMFS rates were 88.1%, 86.4%, 96.4% and 88.2%, 
respectively. The median duration of follow-up for the 
unmatched population was 52.4 (range: 2-100) months.

The 5-year OS rates for the IC+CCRT (148 patients) 
and CCRT groups (177 patients) were 87.9% (95%CI 
82.2-93.6) and 81.1% (95%CI 74.8-87.4), respectively 
(P=0.088). The 5-year PFS rates for the IC+CCRT and 
CCRT groups were 78.6% (95%CI 70.8-86.4) and 
82.4% (95%CI 76.1-88.7), respectively (P=0.558). The 
5-year LRFS rates for the IC+CCRT (95%CI 88.9-97.9) 
and CCRT groups were 93.4% and 96.3% (95% CI 
93.0-99.6), respectively (P=0.248). The 5-year DMFS 
rates for the IC+CCRT and CCRT groups were 81.5% 
(95%CI 74.1-88.9) and 85.0% (95%CI 79.3-90.7), 
respectively (P=0.787). There were no differences in the 
OS, PFS, LRFS and DMFS rates between the IC+CCRT 
and CCRT groups.

We analyzed other potential prognostic factors in 
the overall population before matching, and we found that 
BMI ( ≤24 or >24), family history, age, gender, clinical 
stage, WHO type, ECOG score, ACE-27 score, smoking 
status, and T stage (T1-2, T3-4) were not associated with 
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the OS, PFS, LRFS and DMFS rates. Patients at the N2-3 
stage had poorer OS rates compared to N0-1 patients 
(P=0.031). In our multivariate analysis, the N stage 
and treatment modalities (CCRT vs. IC+CCRT) were 
independent prognostic factors for OS among the high-risk 
patients, with HRs of 1.90 (P=0.031, 95%CI 1.061-3.405) 
and 0.472 (P=0.022, 95%CI 0.248-0.899), respectively.

Survival outcomes after matching

The matching process led to a balanced study 
population consisting of IC+CCRT (n = 103) and CCRT 
(n = 103) groups. The median duration of follow-up for the 
206 patient-matched population was 50.0 (range: 4-100) 

months. Figure 1 shows the Kaplan–Meier curves for 
the OS, PFS, LRFS and DMFS rates of the patients 
after matching. The 5-year OS rates for the IC+CCRT 
and CCRT groups were 87.0% (95%CI 73.6-87.8) and 
74.0% (95%CI 64.4-83.6), respectively (P=0.062). The 
5-year PFS rates for the IC+CCRT and CCRT groups 
were 74.2% (95%CI 64.8-83.6) and 67.1% (95%CI 56.7-
77.5), respectively (P=0.538). The 5-year LRFS rates for 
the IC+CCRT and CCRT groups were 93.9% (95%CI 
88.6-99.2) and 96.6% (95%CI 92.9-100.0), respectively 
(P=0.553). The 5-year DMFS rates for the IC+CCRT 
and CCRT groups were 77.7% (95%CI 76.7-78.7) and 
77.9% (95%CI 68.7-87.1), respectively (P=0.932). There 
were no differences in the OS, PFS, LRFS and DMFS 

Table 1: Baseline characteristics of patients with stage III-IVb nasopharyngeal carcinoma

Unmatched Matched

IC+CCRT CCRT P-value IC+CCRT CCRT P-value

148(45.5%) 177(54.5%) 103(50.0%) 103(50.0%)

Age (yr), 0.175 0.887

 <45 73(49.3%) 74(41.8%) 40(38.8%) 41(39.8%)

 ≥45 75(50.7%) 103(58.2%) 63(61.2%) 62(60.2%)

Gender 0.351 1.000

 Female 48(32.4%) 49(27.7%) 28(27.2%) 28(27.2%)

 Male 100(67.6%) 128(72.3%) 75(72.8%) 75(72.8%)

T stage 0.322 1.000

 1 1(0.7%) 5(2.8%) 0(0.0%) 0(0.0%)

 2 24(16.2%) 28(15.8%) 19(8.8%) 19(18.4%)

 3 71(48.0%) 94(53.1%) 53(57.1%) 53(57.6%)

 4 52(35.1%) 50(28.2%) 31(34.1%) 31(30.1%)

N stage 0.001 1.000

 0 17(11.5%) 8(4.5%) 5(4.9%) 5(4.9%)

 1 22(14.9%) 42(23.7%) 20(19.4%) 20(19.4%)

 2 78(52.7%) 110(62.1%) 67(65.0%) 67(65.0%)

 3 31(20.9%) 17(9.6%) 11(10.7%) 11(10.7%)

Clinical stage <0.001 0.399

 III 70(47.3%) 114(64.4%) 62(60.2%) 64(62.1%)

 IVa 50(33.8%) 54(30.5%) 31(30.1%) 34(33.0%)

 IVb 28(18.9%) 9(5.1%) 10(9.7%) 5(4.9%)

WHO type 0.650 0.316

 1 0(0.0%) 1(0.6%) 0(0%) 0(0%)

 2 3(2.0%) 4(2.3%) 0(0%) 1(1.0%)

 3 145(98.0%) 172(97.2%) 103(100%) 102(99.0%)

Abbreviations: IC =induction chemotherapy; CCRT= concurrent chemoradiotherapy.
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rates between the IC+CCRT and CCRT groups. In our 
multivariate analysis, the N stage was an independent 
prognostic factor for OS, with an HR of 2.377 (P=0.015, 
95%CI 1.187-4.759).

As the N stage was an independent prognostic 
factor for OS and previous studies have used N2 as a cut-
off value in the analysis of subgroup patients [17, 20], we 
defined patients of N2-3 stage with an EBV DNA ≥4000 
copies/ml as being very high risk. The number of patients 
and other characteristics for the subgroup analysis of the 
156 very-high-risk patients were shown in Table 2. For 
our subgroup analysis of 156 very-high-risk patients 
(N2-3 stage with EBV DNA ≥4000 copies/ml), the OS 
rate was significantly associated with inclusion in either 
the IC+CCRT or CCRT treatment group. The 5-year OS 
rates for the IC+CCRT and CCRT groups were 84.3% 
(95%CI 75.5%-93.1%) and 67.5% (95%CI 55.3%-79.7%), 
respectively (P=0.033) (Figure 2). The 5-year DMFS rates 
for stage N2-3 and stage N0-1 were 74.5% (95%CI 66.3%-
82.7%) and 87.2% (95%CI 0.762-0.982), respectively 
(P=0.062).The 5-year PFS rates for the IC+CCRT and 
CCRT groups were 67.6% (55.8%-79.4%) and 60.2% 
(95%CI 47.7-72.7%), respectively (P=0.419). The 
5-year DMFS rates for the IC+CCRT and CCRT groups 
were 71.1% (95%CI 59.3%-82.9%) and 64.2% (95%CI 

51.9%-76.5%), respectively (P=0.389). The 5-year LRFS 
rates for the IC+CCRT and CCRT groups were 93.5% 
(95%CI 87.2%-99.8%) and 96.8% (95%CI 92.5-101.1%), 
respectively (P=0.523). In our multivariate analysis using 
Cox proportional regression model, the treatment group 
was significantly associated with OS (P=0.034), and the 
patients who received IC+CCRT had a lower risk of death 
compared to those who received CCRT alone, with an HR 
of 0.451 (95%CI 0.216-0.941) (Table 3).

DISCUSSION

Until now, EBV DNA has been the most effective 
predictive biomarker for guiding the treatment of NPC. 
NPC patients with high pre-treatment levels of EBV 
DNA had a higher risk for disease recurrence and distant 
metastasis [18, 21]. For such high-risk NPC patients, a 
more intensive treatment regimen such as induction 
chemotherapy in addition to CCRT could be promising 
because induction chemotherapy is tolerated better than 
adjuvant chemotherapy and has the ability to decrease 
local recurrence and distant metastasis. However, there 
are no studies demonstrating the effects of induction 
chemotherapy combined with CCRT in high-risk 
patients with high pre-treatment EBV DNA levels. To 

Figure 1: The Kaplan–Meier curves for OS, PFS, LRFS and DMFS according to the treatment arm in 103 paired (a 
total of 206) patients with high-risk nasopharyngeal carcinoma.
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Table 2: Baseline characteristics of 156 very high-risk subgroup patients (stage N2-3 with EBV DNA ≥4000 
copies/ml)

IC+CCRT CCRT P-value

79(50.0%) 77(50.0%)

Age (yr) 0.888

 <45 34(43.0%) 34(44.2%)

 ≥45 45(57.0%) 43(55.8%)

Gender 0.928

 Female 19(24.1%) 19(24.7%)

 Male 60(75.9%) 58(75.3%)

T stage 0.877

 2 18(22.8%) 20(26.0%)

 3 46(58.2%) 42(54.5%)

 4 15(19.0%) 15(19.5%)

N stage 0.948

 2 68(86.1%) 66(85.7%)

 3 11(13.9%) 11(14.3%)

Clinical stage 0.384

 III 54(68.4%) 54(70.1%)

 IVa 15(19.0%) 18(23.4%)

 IVb 10(12.7%) 5(6.5%)

WHO type 0.759

 1 0 0

 2 0 0

 3 79(100.0%) 77(100.0%)

Figure 2: The Kaplan–Meier curves of OS according to the treatment arm from 156 very-high-risk NPC patients.
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our knowledge, this is the first study in the IMRT era to 
directly compare the effects of IC+CCRT to CCRT alone.

Although there is no improvement in OS among the 
high-risk patients receiving IC+CCRT, we found that very-
high-risk patients (i.e., stage N2-3 with EBV DNA≥4000 
copies/ml) who received the PF IC+CCRT regimen had 
an improved 5-year OS compared to those who underwent 
treatment with CCRT alone.

This result suggests that among locally advanced 
NPC patients, those representing very high risk might 
gain a long-term benefit in terms of OS. A subgroup 
analysis of 284 locally advanced NPC patients in 
Taiwan concluded that CCRT has advantages over RT 
alone in low-risk patients but showed no benefit in 
high-risk patients [22], indicating that high-risk patients 
might require more intensive chemotherapy. Our study 
suggests a promising means to screen patients who are 
at very high risk and thus appropriate for treatment 
with more powerful combined chemoradiotherapy. 
Additional prospective randomized studies comparing 
IC+CCRT with CCRT alone in stage N2-3 patients with 
EBV DNA≥4000 copies/ml are needed to validate this 
finding.

We did not observe significant differences in 
DMFS between the IC+CCRT and CCRT groups for 
the high-risk patients or the very-high-risk patients. 
Our results showed that patients receiving IC+CCRT 
had improved OS rates compared to those receiving 
CCRT. The difference in OS between the CCRT and 
IC+CCRT groups could be explained by the results 
of joint effects on distant metastasis and locoregional 
recurrence. Within the entire cohort, 42 cases died 
of distant metastasis, 5 cases died of tumor relapse, 1 
patient died of cardiovascular disease, and 1 died for 
unknown reasons; most of the patients died of distant 
metastasis. Although we did not observe differences 
in DMFS between the IC+CCRT and CCRT groups in 
the high-risk patients or in the very-high-risk patients, 
we found that patients receiving IC+CCRT had a trend 
toward increased DMFS, PFS and LRFS times relative to 
the CCRT group (Supplementary Table S1). We speculate 
that the prolonged DMFS time together with the LRFS 
time resulted in a significantly prolonged OS time in the 

IC+CCRT group compared to the CCRT group. Although 
the DMFS did not differ between the IC+CCRT and 
CCRT groups, the combination of effects on DMFS and 
LRFS led to the significant improvement in OS.

Among all of the high-risk locoregional advanced 
NPC patients with EBV DNA levels ≥4000 copies/
ml treated with IMRT, the present study did not find 
any benefit of the PF induction chemotherapy regimen 
compared to CCRT alone. The results suggest that 
adding other effective anti-tumor chemotherapy agents 
to induction chemotherapy could improve the prognosis 
of NPC. For example, adding docetaxel to cisplatin and 
fluorouracil induction chemotherapy plus CCRT provided 
a long-term survival benefit to patients with head and 
neck cancers compared to the PF IC+CCRT regimen 
[23, 24]. Whether the addition of docetaxel to cisplatin 
and fluorouracil induction chemotherapy would provide 
a long-term survival benefit in locally advanced NPC 
patients requires further study. Sun Yat-sen University 
is studying the effects of the induction TPF regimen 
followed by concurrent cisplatin plus RT compared to RT 
plus concurrent cisplatin without induction in stage III-
IVB disease (NCT01245959). The unpublished data from 
this phase III trial are expected to clarify the effects of TPF 
induction chemotherapy plus CCRT. It is necessary to find 
a superior method for combining chemotherapy with RT 
in high-risk patients.

There are some limitations to this study. First, our 
study is retrospective, and although we use a method of 
matching to decrease potential bias, there is inevitable 
bias caused by its retrospective nature. Further prospective 
studies are needed to validate our results. Second, this is 
a single-center analysis from a high-prevalence district. A 
multi-center study is needed to fully evaluate the effects of 
IC+CCRT on high-risk NPC patients.

In conclusion, our study found that IC+CCRT did 
not improve clinical outcomes in high-risk NPC patients 
receiving IMRT compared with CCRT alone. However, 
in very-high-risk patients (i.e., stage N2-3 with EBV 
DNA≥4000 copies/ml), IC+CCRT treatment leads to 
increased OS compared to those patients who underwent 
treatment with CCRT alone. Future prospective studies 
are needed to further validate our results.

Table 3: Multivariate analysis of 156 N2-3 stage patients with EBV DNA≥4000 copies/ml

Characteristics OR 95%CI P value

Age 1.381 0.664-2.874 0.387

Gender 0.509 0.23-1.161 0.109

T stage 1.178 0.672-2.067 0.567

Clinical stage 1.559 0.907-2.679 0.108

Treatment arm 0.451 0.216-0.941 0.034

Abbreviations: EBV DNA= Epstein-Barr virus deoxyribonucleic acid; OR=odds ratio.
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MATERIALS AND METHODS

Patient recruitment

In this retrospective study, we reviewed a total 
of 1662 consecutive NPC patients who had received 
IMRT. Ultimately, 325 patients with histologically 
confirmed locoregionally advanced NPC (stage III-IVb 
with EBV DNA≥4000 copies/ml) who had been treated 
with CCRT followed by induction chemotherapy and 
patients treated with CCRT alone between March 2007 
and March 2013 at Sun Yat-sen University Cancer 
Center were included (Figure 3). All of the included 

patients had plasma EBV DNA levels of ≥4000 copies/
ml prior to treatment. The following criteria were met 
by this patient population: NPC confirmed histologically 
by a biopsy of the nasopharynx; no distant metastasis; 
no treatment prior to admission; no other tumor types 
or serious illnesses; an Eastern Cooperative Oncology 
Group (ECOG) performance score ≤2; plasma EBV 
DNA≥4000 copies/ml before treatment; and treatment 
with radical IMRT. Patients who were more than 70 years 
old; were stage I or stage II; had distant metastasis; had 
not received PF IC+CCRT regimen; had not received 
cisplatin per the 3-week CCRT regimen; or whose 
plasma EBV DNA levels were <4000 copies/ml before 

Figure 3: Study flow diagram.
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treatment were excluded. The staging workup included 
an MRI of the head and neck, a chest radiograph, 
a bone scintigraphy, and an ultrasonography of the 
abdominal region for all patients. All of the included 
patients were restaged according to the Seventh Edition 
of the American Joint Committee on Cancer (AJCC) 
staging system. After matching, 103 paired (a total of 
206) patients were analyzed further. Table 1  shows the 
clinicopathological features in the study population of 
un-matched and matched patients.

Plasma EBV DNA assay

The plasma EBV DNA concentrations of patients 
were measured by quantitative polymerase chain reaction 
prior to treatment as described in previous studies [25, 
26]. The cut-off value of 4000 copies/ml was based on 
previous studies [16, 17].

Treatment

The target volumes were delineated according 
to a previously described institutional treatment 
protocol [27], which is in accordance with the 
International Commission on Radiation Units and 
Measurements reports 50 and 62. All of the target 
volumes were depicted slice-by-slice on the treatment 
planning computed tomography scan. The primary 
nasopharyngeal gross tumor volume (GTVnx) and the 
involved cervical lymph nodes were determined based 
on the imaging, clinical, and endoscopic findings. The 
enlarged retropharyngeal nodes together with primary 
gross tumor volume (GTV) were outlined as the GTVnx 
on the IMRT plans. The first clinical tumor volume 
(CTV1) was defined as the area from 0.5-1.0 cm 
outside the GTV, a site that involves potential sites of 
local infiltration. Clinical target volume 2 (CTV2) was 
defined as the margin from 0.5-1.0 cm around CTV1 and 
the lymph node draining area (Levels II, III, and IV). 
For stage N1–3 patients, the lower neck area received 
conventional anterior cervical field radiation in daily 
fractions of 2 Gy with a midline shield to 50 Gy. For 
patients with stage N0 disease, RT was not delivered 
to the lower neck area. The prescribed dose was 66–
70 Gy to the planning target volume (PTV), 60 Gy to 
PTV1, 54 Gy to PTV2, and 60–66 Gy to PTV of the 
involved cervical lymph nodes in 30 to 33 fractions. In 
total, 30–33 fractions were administered at 1 fraction 
per day, 5 days/week. The IMRT plan was designed in 
accordance with previous studies conducted at the Sun 
Yat-sen University Cancer Center [28, 29].

Induction chemotherapy was composed of 
fluorouracil (3000-3500 mg/m2 given on days 1-5 
via continuous intravenous infusion for 120 hours) 
and cisplatin (80 mg/m2) for 2-3 courses. Concurrent 
chemotherapy was initiated on the first day during IMRT, 

and cisplatin was delivered by an intravenous infusion 
(IV) of 80–100 mg/m2 every 3 weeks for 2-3 courses.

The primary endpoint was overall survival (OS), 
and secondary endpoints were progression-free survival 
(PFS), distant metastasis-free survival (DMFS), and 
locoregional relapse-free survival (LRFS). The OS was 
defined as the time from NPC treatment to death from 
any cause or until the date of the last follow-up. PFS was 
defined as the time from the NPC treatment to events that 
included death or disease progression at local, regional, 
or distant sites or until the date of the last follow-up. 
LRFS was defined as the time from the NPC treatment to 
the absence of primary site or neck lymph node relapse 
or until the date of the last follow-up. DMFS was defined 
as the time from the NPC treatment to the date of the first 
observation of distant metastases or until the date of the 
last follow-up.

Follow-up

All patients were followed at regular intervals after 
radiotherapy, which were every 2 months during the first 
6 months, every 3 months for the next 6 months, every 
4 months during the second year, and every 6 months 
thereafter. The median follow-up period for the entire 
patient cohort was 51.3 months (range 2–100 months). 
There were 11 cases lost during follow-up, and the follow-
up rate was 96.6%.

Statistical analysis

The differences between the means of continuous 
variables were compared using Student’s t-test. 
Categorical variables were compared using Pearson’s x2 
test or Fischer’s exact test. Survival rates were calculated 
using the Kaplan–Meier method, and prognostic factors 
and survival curves were compared using the log-rank 
test. Multivariate analyses were calculated using the Cox 
proportional hazards regression model. The potentially 
important prognostic factors considered in the matching 
process included the following: gender (female, male), 
age (<45, ≥45), T stage (T1, T2, T3, T4), N stage 
(N0, N1, N2, N3), clinical stage (III, IV a, IV b) and 
WHO type (I, II, III).

For each patient in the IC+CCRT group, a matched 
pair in the CCRT group was identified by matching for 
gender (female, male), age (<45, ≥45), T stage (T1, T2, 
T3, T4), N stage (N0, N1, N2, N3), clinical stage (III, 
IV a, IV b) and WHO type (I, II, III); we matched 1:1 
pairs of IC+CCRT and CCRT patients. The two matched 
subgroups were then analyzed for OS, PFS, LRFS 
and DMFS by univariate and multivariate analyses. 
All P values were two-tailed; P ≤0.05 was considered 
statistically significant. The program Statistical Package 
for Social Sciences version 18 (SPSS Inc., Chicago, IL, 
USA) was used for analysis.



Oncotarget29747www.impactjournals.com/oncotarget

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

GRANT SUPPORT

This work was supported by grants from the National 
Natural Science Foundation of China (No. 81425018, 
No. 81072226, No. 81201629), the 863 Project (No. 
2012AA02A501), the National Key Basic Research 
Program of China (No.2013CB910304), the Special 
Support Plan of Guangdong Province (No.2014TX01R145), 
the Sci-Tech Project Foundation of Guangdong Province 
(No.2014A020212103, No.2011B080701034), the 
Health & Medical Collaborative Innovation Project of 
Guangzhou City (No. 201400000001), the National 
Science & Technology Pillar Program during the Twelfth 
Five-year Plan Period (No. 2014BAI09B10), the Sun Yat-
sen University Clinical Research 5010 Program, and the 
Fundamental Research Funds for the Central Universities.

Ethics statement

This retrospective study was approved by the 
Clinical Research Ethics Committee of the Sun Yat-sen 
University Cancer Center, and all of the participants 
provided written informed consent before treatment.

REFERENCES

1. Wee JT, Ha TC, Loong SL and Qian CN. Is nasopharyngeal 
cancer really a “Cantonese cancer”? Chin J Cancer. 2010; 
29:517-526.

2. Lee AW, Lin JC and Ng WT. Current management of 
nasopharyngeal cancer. Semin Radiat Oncol. 2012; 
22:233-244.

3. Zhang L, Chen QY, Liu H, Tang LQ and Mai HQ. 
Emerging treatment options for nasopharyngeal carcinoma. 
Drug Des Dev Ther. 2013; 7:37-52.

4. Blanchard P, Lee A, Marguet S, Leclercq J, Ng WT, Ma 
J, Chan AT, Huang PY, Benhamou E, Zhu G, Chua DT, 
Chen Y, Mai HQ, Kwong DL, Cheah SL, Moon J, et 
al. Chemotherapy and radiotherapy in nasopharyngeal 
carcinoma: an update of the MAC-NPC meta-analysis. 
Lancet Oncol. 2015; 16:645-655.

5. Baujat B, Audry H, Bourhis J, Chan AT, Onat H, Chua DT, 
Kwong DL, Al-Sarraf M, Chi KH, Hareyama M, Leung 
SF, Thephamongkhol K and Pignon JP. Chemotherapy in 
locally advanced nasopharyngeal carcinoma: an individual 
patient data meta-analysis of eight randomized trials and 
1753 patients. Int J Radiat Oncol. 2006; 64:47-56.

6. Wee J, Tan EH, Tai BC, Wong HB, Leong SS, Tan T, Chua 
ET, Yang E, Lee KM, Fong KW, Tan HS, Lee KS, Loong 
S, Sethi V, Chua EJ and Machin D. Randomized trial of 
radiotherapy versus concurrent chemoradiotherapy followed 

by adjuvant chemotherapy in patients with American Joint 
Committee on Cancer/International Union against cancer 
stage III and IV nasopharyngeal cancer of the endemic 
variety. J Clin Oncol. 2005; 23:6730-6738.

7. Lee AW, Tung SY, Chua DT, Ngan RK, Chappell R, 
Tung R, Siu L, Ng WT, Sze WK, Au GK, Law SC, 
O'Sullivan B, Yau TK, Leung TW, Au JS, Sze WM, 
et al. Randomized trial of radiotherapy plus concurrent-
adjuvant chemotherapy vs radiotherapy alone for regionally 
advanced nasopharyngeal carcinoma. J Natl Cancer I. 2010; 
102:1188-1198.

8. Chen Y, Sun Y, Liang SB, Zong JF, Li WF, Chen M, Chen 
L, Mao YP, Tang LL, Guo Y, Lin AH, Liu MZ and Ma J. 
Progress report of a randomized trial comparing long-term 
survival and late toxicity of concurrent chemoradiotherapy 
with adjuvant chemotherapy versus radiotherapy 
alone in patients with stage III to IVB nasopharyngeal 
carcinoma from endemic regions of China. Cancer. 2013; 
119:2230-2238.

9. Lin JC, Jan JS, Hsu CY, Liang WM, Jiang RS and Wang 
WY. Phase III study of concurrent chemoradiotherapy 
versus radiotherapy alone for advanced nasopharyngeal 
carcinoma: positive effect on overall and progression-free 
survival. J Clin Oncol.2003; 21:631-637.

10. Peng G, Wang T, Yang KY, Zhang S, Zhang T, Li Q, Han 
J and Wu G. A prospective, randomized study comparing 
outcomes and toxicities of intensity-modulated radiotherapy 
vs. conventional two-dimensional radiotherapy for the 
treatment of nasopharyngeal carcinoma. Radiother Oncol 
2012; 104:286-293.

11. Wang R, Wu F, Lu H, Wei B, Feng G, Li G, Liu M, Yan H, 
Zhu J, Zhang Y and Hu K. Definitive intensity-modulated 
radiation therapy for nasopharyngeal carcinoma: long-term 
outcome of a multicenter prospective study. J Cancer Res 
Clin. 2013; 139:139-145.

12. Lee N, Harris J, Garden AS, Straube W, Glisson B, Xia P, 
Bosch W, Morrison WH, Quivey J, Thorstad W, Jones C 
and Ang KK. Intensity-modulated radiation therapy with 
or without chemotherapy for nasopharyngeal carcinoma: 
radiation therapy oncology group phase II trial 0225. J Clin 
Oncol. 2009; 27:3684-3690.

13. Hui EP, Ma BB, Leung SF, King AD, Mo F, Kam MK, Yu 
BK, Chiu SK, Kwan WH, Ho R, Chan I, Ahuja AT, Zee 
BC and Chan AT. Randomized phase II trial of concurrent 
cisplatin-radiotherapy with or without neoadjuvant 
docetaxel and cisplatin in advanced nasopharyngeal 
carcinoma. J Clin Oncol. 2009; 27:242-249.

14. Fountzilas G, Ciuleanu E, Bobos M, Kalogera-Fountzila 
A, Eleftheraki AG, Karayannopoulou G, Zaramboukas 
T, Nikolaou A, Markou K, Resiga L, Dionysopoulos D, 
Samantas E, Athanassiou H, Misailidou D, Skarlos D and 
Ciuleanu T. Induction chemotherapy followed by concomitant 
radiotherapy and weekly cisplatin versus the same concomitant 
chemoradiotherapy in patients with nasopharyngeal carcinoma: 
a randomized phase II study conducted by the Hellenic 



Oncotarget29748www.impactjournals.com/oncotarget

Cooperative Oncology Group (HeCOG) with biomarker 
evaluation. Ann Oncol. 2012; 23:427-435.

15. Tan T, Lim WT, Fong KW, Cheah SL, Soong YL, Ang 
MK, Ng QS, Tan D, Ong WS, Tan SH, Yip C, Quah D, 
Soo KC and Wee J. Concurrent chemo-radiation with 
or without induction gemcitabine, Carboplatin, and 
Paclitaxel: a randomized, phase 2/3 trial in locally advanced 
nasopharyngeal carcinoma. Int J Radiat Oncol. 2015; 
91:952-960.

16. Lin JC, Wang WY, Chen KY, Wei YH, Liang WM, Jan JS 
and Jiang RS. Quantification of plasma Epstein-Barr virus 
DNA in patients with advanced nasopharyngeal carcinoma. 
New Engl J Med. 2004; 350:2461-2470.

17. Tang LQ, Chen QY, Fan W, Liu H, Zhang L, Guo L, Luo 
DH, Huang PY, Zhang X, Lin XP, Mo YX, Liu LZ, Mo HY, 
Li J, Zou RH, Cao Y, et al. Prospective study of tailoring 
whole-body dual-modality [18F]fluorodeoxyglucose 
positron emission tomography/computed tomography 
with plasma Epstein-Barr virus DNA for detecting distant 
metastasis in endemic nasopharyngeal carcinoma at initial 
staging. J Clin Oncol.2013; 31:2861-2869.

18. Chan AT, Lo YM, Zee B, Chan LY, Ma BB, Leung SF, Mo 
F, Lai M, Ho S, Huang DP and Johnson PJ. Plasma Epstein-
Barr virus DNA and residual disease after radiotherapy for 
undifferentiated nasopharyngeal carcinoma. J Natl Cancer 
I. 2002; 94:1614-1619.

19. Leung SF, Zee B, Ma BB, Hui EP, Mo F, Lai M, 
Chan KC, Chan LY, Kwan WH, Lo YM and Chan 
AT. Plasma Epstein-Barr viral deoxyribonucleic acid 
quantitation complements tumor-node-metastasis staging 
prognostication in nasopharyngeal carcinoma. J Clin Oncol. 
2006; 24:5414-5418.

20. Sun X, Zeng L, Chen C, Huang Y, Han F, Xiao W, Liu 
S and Lu T. Comparing treatment outcomes of different 
chemotherapy sequences during intensity modulated 
radiotherapy for advanced N-stage nasopharyngeal 
carcinoma patients. Radiat Oncol. 2013; 8:265.

21. Lo YM, Chan AT, Chan LY, Leung SF, Lam CW, 
Huang DP and Johnson PJ. Molecular prognostication 
of nasopharyngeal carcinoma by quantitative analysis of 
circulating Epstein-Barr virus DNA. Cancer Res. 2000; 
60:6878-6881.

22. Lin JC, Liang WM, Jan JS, Jiang RS and Lin AC. Another 
way to estimate outcome of advanced nasopharyngeal 
carcinoma--is concurrent chemoradiotherapy adequate? Int 
J Radiat Oncol. 2004; 60:156-164.

23. Posner MR, Hershock DM, Blajman CR, Mickiewicz E, 
Winquist E, Gorbounova V, Tjulandin S, Shin DM, Cullen 
K, Ervin TJ, Murphy BA, Raez LE, Cohen RB, Spaulding 
M, Tishler RB, Roth B, et al. Cisplatin and fluorouracil 
alone or with docetaxel in head and neck cancer. New Engl 
J Med. 2007; 357:1705-1715.

24. Lorch JH, Goloubeva O, Haddad RI, Cullen K, Sarlis N, 
Tishler R, Tan M, Fasciano J, Sammartino DE and Posner 
MR. Induction chemotherapy with cisplatin and fluorouracil 
alone or in combination with docetaxel in locally advanced 
squamous-cell cancer of the head and neck: long-term 
results of the TAX 324 randomised phase 3 trial. Lancet 
Oncol. 2011; 12:153-159.

25. Shao JY, Li YH, Gao HY, Wu QL, Cui NJ, Zhang L, Cheng 
G, Hu LF, Ernberg I and Zeng YX. Comparison of plasma 
Epstein-Barr virus (EBV) DNA levels and serum EBV 
immunoglobulin A/virus capsid antigen antibody titers in 
patients with nasopharyngeal carcinoma. Cancer. 2004; 
100:1162-1170.

26. An X, Wang FH, Ding PR, Deng L, Jiang WQ, Zhang 
L, Shao JY and Li YH. Plasma Epstein-Barr virus DNA 
level strongly predicts survival in metastatic/recurrent 
nasopharyngeal carcinoma treated with palliative 
chemotherapy. Cancer. 2011; 117:3750-3757.

27. Zhao C, Han F, Lu LX, Huang SM, Lin CG, Deng XW, 
Lu TX and Cui NJ. [Intensity modulated radiotherapy for 
local-regional advanced nasopharyngeal carcinoma]. Chin 
J Cancer. 2004; 23:1532-1537.

28. Zheng Y, Han F, Xiao W, Xiang Y, Lu L, Deng X, Cui 
N and Zhao C. Analysis of late toxicity in nasopharyngeal 
carcinoma patients treated with intensity modulated 
radiation therapy. Radiat Oncol. 2015; 10:17.

29. Sun X, Su S, Chen C, Han F, Zhao C, Xiao W, Deng 
X, Huang S, Lin C and Lu T. Long-term outcomes of 
intensity-modulated radiotherapy for 868 patients with 
nasopharyngeal carcinoma: an analysis of survival and 
treatment toxicities. Radiother Oncol. 2014; 110:398-403.


