
RESEARCH ARTICLE

Long-Term Results of Concurrent
Chemoradiotherapy for Advanced N2-3
Stage Nasopharyngeal Carcinoma
Li Yin1☯, Xiu-Hua Bian1☯, XueWang2, Meng Chen1, JingWu1, Jian-Hua Xu1, Pu-
Dong Qian1, Wen-Jie Guo1, Xue-Song Jiang1, Huan-Feng Zhu1, Jia-Jia Gu1, Jian-
FengWu1, Ye-wei Zhang3, Xia He1*

1 Department of Radiation Oncology, Nanjing Medical University Affiliated Jiangsu Cancer Hospital &
Jiangsu Institute of Cancer Research, Nanjing, P. R. China, 2 Department of Radiation Oncology, Jilin
Cancer Hospital, Changchun, P. R. China, 3 Department of Hepatobiliary and Pancreatic Surgery, Nanjing
Medical University Affiliated Jiangsu Cancer Hospital & Jiangsu Institute of Cancer Research, Nanjing, P. R.
China

☯ These authors contributed equally to this work.
* hexia200302@tom.com

Abstract

Background

N-stage is related to distant metastasis in nasopharyngeal carcinoma (NPC) patients. The

purpose of this study was to evaluate the efficacy and toxicity of different nedaplatin-based

chemotherapy regimens in advanced N2-3 stage NPC patients treated with intensity modu-

lated radiation therapy (IMRT).

Patients and Methods

Between April 2005 and December 2009, a total of 128 patients with N2-3 advanced NPC

were retrospectively analyzed. Patients were treated with IMRT concurrent with 2 cycles of

chemotherapy consisting of either nedaplatin plus paclitaxel (NP group, n = 67) or nedapla-

tin plus fluorouracil and paclitaxel (NFP group, n = 61). Two to four cycles of adjuvant che-

motherapy were then administered every 21 days following concurrent chemoradiotherapy.

Results

With a median follow-up of 60 months, the 5-year overall survival (OS), progression-free

survival (PFS), local-regional recurrence-free survival (LRRFS), and distant metastasis-free

survival (DMFS) for all patients were 81.4%, 71.5%, 87.8% and 82.0%, respectively. No sig-

nificant difference in PFS (66.6% vs. 76.7%, P = 0.212) and LRRFS rates (89.0% vs.

86.3%, P = 0.664) was observed between the NP and NFP groups. The 5-year OS (75.4%

vs. 88.5%, P = 0.046) and DMFS (75.1% vs. 89.0%, P = 0.042) rate were superior in the

NFP group compared with the NP group. The NFP group had a higher incidence of grade

3–4 acute toxicities including bone marrow suppression (leukopenia: χ2 = 3.935, P = 0.047;

anemia: χ2 = 9.760, P = 0.002; thrombocytopenia: χ2 = 8.821, P = 0.003), and both liver
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and renal dysfunction (χ2 = 5.206, P = 0.023) compared with the NP group. Late toxicities

were moderate and no difference was observed between the two groups.

Conclusion

IMRT concurrent with nedaplatin-based chemotherapy is an advocated regimen for patients

with advanced N2-3 stage NPC. Patients with advanced N2-3 stage may be better candidates

for the NFP regimen although this regimen was associated with a high acute toxicity rate.

Introduction
Nasopharyngeal carcinoma (NPC) is endemic in south-east Asia, parts of Africa and southern
China. Radiotherapy plays a key role in the treatment of all stages of NPC without distant metas-
tasis [1–2]. Approximately 70% of newly diagnosed NPC patients present with stage III or IV dis-
ease, and are prone to local-regional recurrence or distant metastases after radiotherapy alone
[3]. Intensity-modulated radiotherapy (IMRT) is a major breakthrough in the treatment of NPC.
IMRT delivers a higher dose to the tumor, while minimizing the dose to surrounding normal tis-
sues. Previous studies have confirmed that IMRT changed the failure pattern of NPC from local
recurrence and distant metastasis to predominantly distant metastasis [4,5].

It is also well known that N-stage is related to distant metastasis in NPC patients. Xu et al.
reviewed 181 NPC patients and found that the 3-year distant metastasis-free survival rate
(DMFS) was 89.6%, 75.7%, and 76.3% for stageT3-4N0-1, T1-2N2-3, and T3-4 N2-3 patients,
respectively. Cox proportional hazards regression analysis showed that advanced N-stage was
an independent risk factor for distant metastasis (P = 0.033) [6]. Therefore, it is necessary to
explore more effective combined chemoradiotherapy strategies to improve the outcomes of
patients with advanced N-stage NPC.

The cisplatin-based Intergroup-0099 regimen resulted in a significantly increased toxicity
rate. According to the results of previous research [7–10], nedaplatin-based regimens achieved
comparable survival, were well tolerated and had lower toxicity than cisplatin-based regimens
in the treatment of head and neck cancer, esophageal cancer, uterine cervix cancer and NPC.
Therefore, we retrospectively analyzed the long-term outcomes of advanced N-stage NPC
patients treated with concurrent IMRT and nedaplatin-based chemotherapy, followed by adju-
vant chemotherapy, and compared the efficacy and toxicity of different nedaplatin-based che-
motherapy regimens in these patients.

Patients and Methods

Patients
Between April 2005 and December 2009, 128 pathologically confirmed N2-3 stage NPC
patients without distant metastasis in Jiangsu Cancer Hospital were enrolled in this retrospec-
tive analysis. All patients had no previous treatment history and underwent definitive IMRT at
our hospital. Initial workup included clinical and laboratory examinations, hematologic and
biochemistry profiles, fiberoptic endoscope examination of the nasopharynx, magnetic reso-
nance imaging (MRI) and contrast-enhanced computed tomography (CT) of the head and
neck to evaluate the extent of the primary tumor and regional lymph nodes. Bone scintigraphy,
chest radiography or contrast-CT, and ultrasonography of the abdominal region were per-
formed to exclude distant metastasis. Stages were assigned according to the 6th edition of the
American Joint Committee on Cancer (AJCC TNM 2002) staging system [11].
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IMRT
Patients received definitive IMRT with 6 MV X-rays as previously reported [6]. Briefly, gross
tumor volume (GTV) 1 included the primary tumor and metastatic retropharyngeal lymph
nodes found on clinical and imaging examination. Metastatic cervical lymph nodes were
defined as GTV2. The high-risk region was defined as clinical target volume (CTV)1 which
included the whole nasopharyngeal cavity, GTV1, GTV2 with a margin of 5 to 15 mm, and lev-
els II and III cervical lymphatic drainage region. Low risk area was defined as CTV2 which
encompassed CTV1 with a margin of 3 to 5 mm, the lower neck, and the supraclavicular lym-
phatic drainage region. A total dose of 67.6–78.0 Gy/31–35 F was prescribed to GTV1, 65.0–
85.0 Gy/32–39 F to GTV2, 56.0–60 Gy/30 F to CTV1 and 50 Gy/30 F to CTV2, respectively.
All patients were irradiated with 1 fraction daily, 5 days per week. An example of the three-
dimensional dose distribution described is shown in Fig 1.

Chemotherapy
During the period of concurrent chemoradiotherapy, 61 of 128 patients (47.7%) received the
NFP regimen, which consisted of paclitaxel 135–175 mg/m2 per cycle on day 1, fluorouracil
500–600 mg/m2 on days 1 to 5, and nedaplatin with a total dosage of 80–100 mg/m2 per cycle
evenly administered on days 1 to 3. The remaining 67 patients (52.3%) were treated with the
NP regimen, which consisted of paclitaxel 135–175 mg/m2 per cycle on day 1 and nedaplatin
with a total dosage of 80 to 100 mg/m2 per cycle evenly administered on days 2 to 4. Concur-
rent chemotherapy was limited to two cycles with an interval of 3–4 weeks. Adjuvant chemo-
therapy with the NP or NFP regimen after approximately 4 weeks’ restoration of combined
therapy was given repeatedly every 3 to 4 weeks according to the performance status. The
chemotherapy during the whole treatment period was limited to no more than six cycles in
total.

Complete blood count, liver and renal function were tested before each chemotherapy cycle.
Dose modification was carried out by the attending radiation oncologists according to the tox-
icity level [10]. Granulocyte colony-stimulating factor (G-CSF) and recombinant erythropoie-
tin (EPO) were not administered unless the white blood cell count dropped to less than 3.5×
109/L and hemoglobin decreased to less than 100 g/L, respectively. Antibiotics were adminis-
tered to patients with neutropenic fever. Platelet transfusion with or without administration of
interleukin 11 or recombinant thrombopoietin was administered when the platelet count was
less than 25 ×109/L. Red blood cell transfusions were administered when hemoglobin
decreased to less than 70 g/L.

Follow-up and treatment assessment
Toxicity was assessed using the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE, version 3.0). Regular follow-up visits were performed at our institu-
tion. Patients were evaluated for disease control, survival and toxicity at three-month intervals
for the first two years, at 6-month intervals between the third and fifth years, and 1 year inter-
vals thereafter. Each follow-up visit included a clinical physical examination, nasopharyngo-
scopy, ultrasonography of the abdomen and chest X-ray. A CT scan or MRI of the head and
neck region was conducted every 3 to 6 months for the first 2 years and then yearly from year
3. In patients with evidence of local-regional recurrence or distant metastasis, additional exam-
ination or imaging modalities were performed to confirm or exclude disease progression at the
discretion of the treating physician.
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Fig 1. Target volume contouring in 3-dimensional intensity-modulated radiotherapy plan of nasopharyngeal carcinoma. (Red line represents GTV1,
pink line represents GTV2, green line represents CTV1 and yellow line represents CTV2; Isodose levels: 50 Gy in blue line, 60 Gy in cyan line, 66 Gy in green
line and 70 Gy in yellow line).

doi:10.1371/journal.pone.0137383.g001
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Statistical analysis
Statistical analysis was performed using SPSS 20.0 (International Business Machines Corp,
Armonk, NY, USA). Overall survival (OS), progression-free survival (PFS), local-regional
recurrence-free survival (LRRFS), and distant metastasis-free survival (DMFS) were defined as
follows: OS, survival during the follow-up period; PFS, survival without local-regional failure
or distant metastasis; LRRFS, survival without recurrence in the nasopharynx or cervical
lymph nodes; and DMFS, survival without distant metastasis. OS, PFS, LRRFS and DMFS rates
were determined using the Kaplan-Meier method. Differences between survival curves were
compared using log-rank tests. Univariate and multivariate survival analyses were performed
using the Cox proportional hazards regression model. Statistical significance was accepted
when the P value was<0.05.

Ethical statement
This retrospective study was approved by the Jiangsu Cancer hospital review board and was
conducted in accordance with the ethical guidelines of the Declaration of Helsinki.

Results

Patient characteristics
The median duration of follow-up was 60.0 months (range, 11.0–109.0 months). A total of 128
NPC patients with advanced N2-3 stage were enrolled in this retrospective study (67 in the NP
group and 61 in the NFP group). The mean age at the time of NPC diagnosis was 49.5 ± 12.9
years. There were 91 males and 37 females. Stage distribution was as follows: stage III, 76; stage
IVa, 27; and stage IVb, 25. Patient characteristics and treatment facts of the 2 groups are shown
in Table 1.

Survival
For all patients, the 5-year OS, PFS, LRRFS and DMFS were 81.4%, 71.5%, 87.8% and 82.0%,
respectively (Fig 2). There were no significant differences in the 5-year PFS (66.6% vs. 76.7%,
P = 0.212) and LRRFS rates (89.0% vs. 86.3%, P = 0.664) between the NP and NFP groups. The
5-year OS (75.4% vs. 88.5%, P = 0.046) and DMFS rate (75.1% vs. 89.0%, P = 0.042) were infe-
rior in the NP group compared with the NFP group (Fig 3A–3D).

Prognostic factors
We performed univariate and multivariate analyses to assess the value of various potential
prognostic factors on predicting OS, PFS, LRRFS and DMFS. The following factors were
included as covariates: gender, age, AJCC staging (Ⅲ vs.Ⅳ), AJCC T classification (T1–2 vs.
T3–4), and AJCC N classification (N2 vs. N3), concurrent chemotherapy regimen (NP vs. NFP),
radiation dose to primary lesion and positive lymph nodes (�70 Gy vs.>70 Gy) and adjuvant
chemotherapy cycles. Univariate analysis by log-rank test showed that AJCC staging was sig-
nificantly associated with OS, PFS, and DMFS (AJCC staging: P = 0.001, P = 0.001, and
P = 0.002, respectively). AJCC T classification was associated with LRRFS (P = 0.019) and
AJCC N classification was associated with PFS and DMFS (P = 0.034 and P = 0.002). In addi-
tion, gender was also significantly associated with PFS and DMFS (P = 0.038 and P = 0.018)
(S1 Table).

Multivariate analysis was performed using the Cox progression model to assess the
independent risk factors for survival rates and the results are listed in Table 2. Adjusted by age,
adjuvant chemotherapy and radiation dose, the results showed that AJCC staging was an
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Table 1. Patient characteristics. Abbreviations: AJCC, American Joint Committee on Cancer; NP, nedaplatin plus paclitaxel; NFP, nedaplatin, paclitaxel
plus fluorouracil

Characteristic NP NFP

No. of patients (%) No. of patients (%)

Total 67 61

Gender

Male 47 70.1 44 72.1

Female 20 29.9 17 27.9

Age (years)

�50 35 52.2 34 55.7

>50 32 47.8 27 44.3

AJCC staging*

Ⅲ 42 62.7 34 55.7

Ⅳa 12 17.9 15 24.6

Ⅳb 13 19.4 12 19.7

AJCC T classification*

T1 5 7.5 4 6.6

T2 17 25.4 9 14.8

T3 32 47.8 31 50.8

T4 13 19.4 17 27.9

AJCC N classification*

N2 54 80.6 49 80.3

N3 13 19.4 12 19.7

Adjuvant chemotherapy

No 3 4.5 7 11.5

1–2 cycles 40 59.7 43 70.5

3–4 cycles 24 35.8 11 18.0

* Defined by the criteria of the AJCC 2002 staging system [11].

doi:10.1371/journal.pone.0137383.t001

Fig 2. Kaplan-Meier curves of overall survival (OS), progression-free survival (PFS), locoregional
recurrence-free survival (LRRFS) and distant metastasis-free survival (DMFS) for 128 patients with
advanced N2-3 stage NPC.

doi:10.1371/journal.pone.0137383.g002
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independent prognostic predictor of OS, PFS, and DMFS (P = 0.01; P = 0.00; P = 0.02, respec-
tively). Chemotherapy regimen independently influenced OS and DMFS (P = 0.03 and
P = 0.01). In addition, gender was an independent prognostic predictor of PFS (P = 0.03) and
DMFS (P = 0.02).

Toxic effects
Acute toxicities were assessed in all 128 patients and are summarized in Table 3. The most
common acute toxicities were hematological toxicity and mucositis. For patients who received
the NP regimen, the incidence of grade 3–4 hematologic toxicities (leukopenia, anemia or
thrombocytopenia), oral mucositis, vomiting and both liver and renal function abnormalities
(ALT elevation or sCr elevation) was 44.8%, 14.9%, 25.4%, 31.3%, 31.3% and 20.9%, respec-
tively. For patients who received the NFP regimen, these values were 62.3%, 39.3%, 50.8%,
39.3%, 45.9% and 39.3%, respectively. The NFP group had a significantly higher incidence of
moderate-to-severe toxicities, including grade 3–4 bone marrow suppression (leukopenia: χ2 =
3.935, P = 0.047; anemia: χ2 = 9.760, P = 0.002; thrombocytopenia: χ2 = 8.821, P = 0.003) and
both liver and renal dysfunction (χ2 = 5.206, P = 0.023). For the sake of bone marrow suppres-
sion, G-CSF and EPO were used in 44 and 17 patients in the NP group, respectively. The num-
ber of patients in the NFP group receiving G-CSF and EPO were 52 and 35, respectively.
Vomiting (χ2 = 2.864, P = 0.091) and oral space mucositis (χ2 = 0.897, P = 0.344) were com-
mon in the NFP group, however, the differences were not significant.

The main documented late toxicities in patients treated with IMRT and concurrent NP or
NFP chemotherapy who survived for more than 2 years were fibrosis (skin and subcutaneous

Fig 3. 5-year OS, PFS, LRRFS and DMFSwere 75.4% vs. 88.5%, 66.6% vs. 76.7%, 89.0% vs.86.3%, and
75.1% vs. 89.0% for the NP and NFP groups, respectively. A and D. Advanced N2-3 stage NPC patients
in the concurrent NFP group had a significantly superior OS and DMFS (Log Rank test, OS: χ2 = 3.973,
P = 0.046; DMFS: χ2 = 4.130, P = 0.042). B and C. No significant difference in PFS and LRRFS were seen
during the observation period. (Log Rank test, PFS: χ2 = 1.560, P = 0.212; LRRFS: χ2 = 0.189, P = 0.664).

doi:10.1371/journal.pone.0137383.g003
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tissue of the neck), xerostomia, hearing loss and visual impairment. Other late toxicities
observed included trismus, radiation-induced brain injury (temporal necrosis, cranial nerve
palsy) and subclinical hypothyroidism. No patient had grade 4 or 5 late toxicity. No differences
were observed for grade 3 late toxicities (Table 4).

Discussion
Concurrent chemoradiotherapy (CCRT) can achieve significantly better tumor control than
radiotherapy alone and it is the standard treatment for locoregionally advanced NPC based on
large randomized phaseⅢ trials and a meta-analysis [12,13]. Although it is generally accepted
that platinum monotherapy or platinum-based doublet chemotherapy has been the standard
of care for years, the combination of docetaxel, platinum, and fluorouracil has also been evalu-
ated [14–17] and the toxicity is manageable in patients with head and neck squamous cell car-
cinomas. However, the additive value or the optimal combination schedule of chemotherapy
and radiotherapy is largely unknown at present.

With optimized local treatment achieved with IMRT, locoregional control has been
markedly improved in NPC [18]. The main cause of failure in NPC is distant metastasis follow-
ing IMRT [19]. N-stage is a prognostic factor in NPC patients, and irrespective of the radiation
technique used, advanced N-stage patients have a high rate of distant metastasis [4,18,20]. Che-
motherapy plays an important role in reducing the probability of metastasis. It is reasonable to
consider more intensive modifications of chemotherapy in addition to IMRT for advanced N
stage disease. To our knowledge, there is no published randomized phase III study confirming
the value of chemotherapy in NPC patients treated with IMRT. Our study is the first to com-
pare concurrent chemotherapy regimens in patients with advanced N stage NPC.

Table 2. Multivariate prognostic factor analyses for various clinical endpoints. Abbreviation: HR: haz-
ard ratio; CI: confidence interval.

Endpoint Characteristics HR (95% CI) P value

OS Gender 0.73(0.30–1.76) 0.48

AJCC staging 6.63(1.53–28.70) 0.01

T classification 0.79(0.38–1.62) 0.51

N classification 0.51(0.12–2.18) 0.36

Chemotherapy 0.36(0.15–0.89) 0.03

PFS Gender 0.37(0.15–0.89) 0.03

AJCC staging 5.35(1.76–16.27) 0.00

T classification 0.78(0.46–1.31) 0.34

N classification 0.60(0.19–1.89) 0.39

Chemotherapy 0.58(0.30–1.14) 0.11

LRRFS Gender 0.74(0.23–2.45) 0.62

AJCC staging 4.02 (0.67–24.02) 0.13

T classification 0.92(0.33–2.57) 0.87

N classification 0.27(0.03–2.31) 0.23

Chemotherapy 1.33(0.45–3.94) 0.61

DMFS Gender 0.18(0.04–0.78) 0.02

AJCC staging 5.39(1.26–23.04) 0.02

T classification 0.77(0.41–1.44) 0.41

N classification 0.93(0.22–3.96) 0.93

Chemotherapy 0.32(0.13–0.78) 0.01

doi:10.1371/journal.pone.0137383.t002
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Recently, Wu et al. [21] prospectively evaluated the long-term outcome in III–IVb NPC
patients treated with IMRT and concurrent cisplatin (80–100 mg/m2). The 5-year OS, LRFS,
RRFS, and DMFS were 78.4%, 86.8%, 88.4%, and 78.0%, respectively. In addition, Sun et al.
[22] reported that the 5-year OS, RFS, DMFS and PFS in advanced N-stage NPC patients
treated with chemoradiotherapy (IMRT) were 73.1%, 91.3%, 68.5% and 63.8%, respectively.
The 5-year OS, PFS and DMFS in our series were favorable and comparable, which demon-
strated the efficacy of nedaplatin-based chemoradiotherapy in advanced N stage NPC. On the
other hand, no significant difference in 5-year PFS and LRRFS rates was observed between the
two groups, however, the 5-year OS and DMFS rates were superior in the NFP group compared
with the NP group (75.4% vs. 88.5%, 75.1% vs. 89.0%, respectively). The increase in DMFS
translate into a substantial improvement in OS. This indicates that aggressive chemotherapy
could reduce the risk of metastasis. According to our results, aggressive chemotherapy was
more effective in eradicating distant tumors in advanced N-stage NPC patients. TAX324, a
randomized phaseⅢ trial conducted in advanced head and neck cancer patients [23], has
shown DMFS advantages due to multi-agent intensive chemotherapy, which also indicated
that a more effective regimen of chemotherapy should be considered to overcome the higher
incidence of distant metastasis in patients with advanced N stage tumors. Table 5 summarizes
the OS and DMFS in advanced N stage NPC patients [4,18,20,22,24–25]. Despite the retrospec-
tive nature and limited patient number in our analysis, the outcome of our advanced N stage
NPC patients treated with IMRT and concurrent NP or NFP chemotherapy with the addition
of adjuvant chemotherapy was comparable to the results published by other groups. In addi-
tion, EPO and G-CSF were used when patients had bone marrow suppression. Interestingly,
the phase III randomized RTOG trial 9903 showed that administration of EPO in head and
neck cancer patients is not helpful and may be harmful[26]. However, in the present study,
although more patients in the NFP group than the NF group received EPO treatment, the sur-
vival results were still better in the NFP group than the NF group. This discrepancy may be due
to different biology behavior and treatment response between NPC and head and neck cancer.
Future further exploration in a randomized setting warrants for resolving this issue.

Table 3. Severe acute toxicities based on the CTCAE3.0 grading system. Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events.

Acute toxicities (Grade 3/4 acute toxicities) No. of the NP group (%) No. of the NFP group (%) P value

Leukopenia 30(44.8) 38(62.3) 0.047

Anemia 10(14.9) 24(39.3) 0.002

Thrombocytopenia 17(25.4) 31(50.8) 0.003

Liver/ Renal dysfunction 14(20.9) 24(39.3) 0.023

Oral mucositis 21(31.3) 24(39.3) 0.344

Vomiting 21(31.3) 28(45.9) 0.091

doi:10.1371/journal.pone.0137383.t003

Table 4. Treatment-related late toxicities.

Late toxicities (Grade 3) No. of the NP group (%) No. of the NFP group (%) P value

Xerostomia 1(1.5) 0(0) 0.338

Fibrosis 4(6.0) 4(6.6) 0.891

Hearing or vision impairment 7(10.4) 6(9.8) 0.909

Hypothyroidism 1(1.5) 1(1.6) 0.991

Trismus 6(9.0) 5 (8.2) 0.878

Radiation-induced brain injury 2(3.0) 3(4.9) 0.573

doi:10.1371/journal.pone.0137383.t004
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The dose-limiting toxicity of nedaplatin is bone marrow suppression [27]. However, bone
marrow suppression was reversible and no treatment-related deaths were observed in the pres-
ent study. In addition, the incidence of severe gastrointestinal toxicity (grade�3) was 27.3–
32.1% in cisplatin-based CCRT [28,29]. The nedaplatin-based CCRT study showed a lower
incidence of grade�2 vomiting [10]. As fluorouracil has additive gastrointestinal toxicity with
cisplatin, concurrent cisplatin plus fluorouracil with radiotherapy produced a relatively high
incidence of moderate to severe gastrointestinal toxicity in the treatment of locoregionally
advanced NPC [5,28]. Nedaplatin causes less gastrointestinal toxicity and is suitable for combi-
nation with other chemotherapy agents. When fluorouracil was added to nedaplatin and pacli-
taxel, the incidence of vomiting significantly increased in the NFP group. Acute mucositis was
common in the present study (31.3% vs. 50.8%). However, this toxicity was also common
(61%) in studies on cisplatin regimens [29]. Thus, oncologists should be aware of these com-
mon adverse events, and symptomatic treatment should be offered to patients, which may have
an impact on patient compliance to therapy and quality of life. Moreover, the nedaplatin regi-
men took less time to administer as there was no pre- and post-hydration. Furthermore, the
most common late toxicity was grade 1–2 neck fibrosis, xerostomia, hearing impairment and
vision loss, similar to other reports [22]. No differences were observed in the two groups
regarding grade 3 late toxicities.

Our results demonstrated that AJCC staging was significantly associated with OS, PFS, and
DMFS. Chemotherapy independently influenced OS and DMFS. These results suggest that
aggressive and intensive systemic therapy for advanced N stage NPC should be considered. In
addition, gender was also significantly associated with PFS and DMFS in our study, which
might have been associated with the disparity of gender in the enrolled patients.

Table 5. OS and DMFS of patients with advanced N stage NPC treated with chemoradiotherapy. Abbreviations: RT, radiotherapy; 2D-RT, two-dimen-
sional RT; IMRT, intensity-modulated radiotherapy.

Year Author No. RT OS (%) DMFS (%)

2001 Ma et al.[25] 621 2D-RT - 5-year

N2:62

N3:51

2005 Leung et al.[24] 1070 2D-RT 5-year 5-year

N2:60.3 N2:71.6

N3:40.2(a) and 48.4 (b) N3:66.9(a) and 52.1(b)

2010 Wong et al.[4] 175 IMRT - 3-year

N2:76.6

N3:67.3

2011 Lai et al.[18] 1276 2D-RT - 5-year

N2:75.1

N3:65.4

IMRT N2:80.5

N3:60.9

2013 Sun et al.[22] 198 IMRT 5-year 5-year

N2:71.0 N2:68.5

N3:55.7 N3: 50.1

2014 Sun et al.[20] 868 IMRT 5-year 5-year

Ⅲ:83.6 N2:73.7

Ⅳ:70.5 N3:62.1

doi:10.1371/journal.pone.0137383.t005
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There are several limitations in the current study, including the retrospective nature of the
study design, the wide variation in radiation dose and fractionation, which could affect the out-
come. Nevertheless, our report is noteworthy because this is the first study to evaluate concur-
rent nedaplatin-based chemotherapy for advanced N2-3 stage NPC treated by IMRT.

In summary, our data indicate the benefit of concurrent NP or NFP chemotherapy with
IMRT in patients with advanced N stage NPC, especially the NFP regimen which resulted in a
good 5-year OS and DMFS. This regimen may be considered as an alternative therapeutic regi-
men for this patient group even though it is associated with a high acute toxicity rate. Further
investigation in the prospective setting is warranted to explore the role of concurrent NFP and
adjuvant chemotherapy in IMRT treatment of advanced N stage NPC.
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