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Abstract

Although many studies have investigated intensity-modulated radiation therapy (IMRT) for
nasopharyngeal carcinoma (NPC), sample sizes in the reported studies are usually small and different in
outcomes in different T and N subgroups are seldom analyzed. Herein, we evaluated the outcomes of
NPC patients treated with IMRT and further explored treatment strategy to improve such outcome. We
collected clinical data of 865 NPC patients treated with IMRT alone or in combination with chemotherapy,
and classified all cases into the following prognostic categories according to different TNM stages: early
stage group (T1-2NO-1MO0), advanced local disease group (T3-4N0-1MO0), advanced nodal disease
group (T1-2N2-3M0), and advanced locoregional disease group (T3-4N2-3MO0). The 5-year overall
survival (OS), local relapse-free survival (LRFS), and distant metastases-free survival (DMFS) were
83.0%, 90.4%, and 84.0% respectively. The early disease group had the lowest treatment failure rate, with
a 5-year OS of 95.6%. The advanced local disease group and advanced nodal disease group had similar
failure pattern and treatment outcomes as well as similar hazard ratios for death (4.230 and 4.625,
respectively). The advanced locoregional disease group had the highest incidence of relapse and death,
with a 5-year DMFS and OS of 62.3% and 62.2%, respectively, and a hazard ratio for death of 10.402.
Comparing with IMRT alone, IMRT in combination with chemotherapy provided no significant benefit to
locoregionally advanced NPC. Our results suggest that the decision of treatment strategy for NPC patients
should consider combinations of T and N stages, and that IMRT alone for early stage NPC patients can
produce satisfactory results. However, for advanced local, nodal, and locoregional disease groups, a
combination of chemotherapy and radiotherapy is recommended.
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Nasopharyngeal carcinoma (NPC) is one of the highest incidence in the south Chinese province of

most common malignant tumors in China with the

Authors’ Affiliations: 'State Key Laboratory of Oncology in South China,
Guangzhou, Guangdong 510060, P. R. China; 2Department of Radiation
Oncology, Sun Yat-sen University Cancer Center, Guangzhou, Guangdong
510060, P. R. China; *Department of Oncology, Guiyang Medical College
Hospital, Tumor Hospital of Guizhou, Guiyang, Guizhou 550003, P. R.
China.

Corresponding Author: Tai-Xiang Lu, Department of Radiation Oncology,
Sun Yat-sen University Cancer Center, Guangzhou, Guangdong 510060,
P. R. China. Tel: +86-20-87343372; Fax: +86-20-87343372; Email: lutx@
mail.sysu.edu.cn.

doi: 10.5732/cjc.010.10547

Guangdong!"?. For patients without distant metastatic
lesions, radiotherapy is the principal treatment for
NPC. In early stage diseases, overall survival is 84%
-90% after receiving two-dimensional conventional
radiotherapy (2D-CRT) alone®®®. After 2D-CRT alone,
the treatment outcomes of locoregionally advanced
disease is poor, with a 5-year survival of 66%-70%"".
Different survival outcomes and failure patterns have
been observed in different subgroups of early stage and
locoregionally advanced NPC treated with 2D-CRT
technique alone B, Xiao et al.® divided 362 early-
stage NPC patients treated with 2D-CRT alone into
four subgroups (T1NOMO, T2NOMO, T1N1MO, and
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T2N1MO) and found that the treatment outcome of
the T2N1MO subgroup was a unique group with the
poorest prognosis because of distant metastasis.
Thus, this group may benefit from chemotherapeutic
intervention. Moreover, in the analysis of Chen et
al.® on 556 patients with locoregionally advanced
NPC who received 2D-CRT alone, the N stage was
considered the primary factor determining the
treatment outcome, with T stage as the secondary
factor. As a result, they recommended stratified
chemoradiotherapy should be used for locoregionally
advanced NPC patients, basing on their N and T
stages.

With the development of radiotherapeutic
equipment and computer technology, intensity-
modulated radiation therapy (IMRT) has been used
for NPC and has improved outcome and reduced
toxicity in the treatment of NPCE'. Zhao et al™ have
reported 419 cases of NPC receiving full course
IMRT: the 5-year local recurrence-free survival
(LRFS), regional relapse-free survival (RRFS), distant
metastasis-free survival (DMFS), and overall survival (OS)
were 92.7%, 95.8%, 85.5%, and 83.3%, respectively; no
grade 4 acute or late toxicity was observed in the
whole group; among 243 patients who were followed
up for more than 3 years, the incidence of grade 3
late toxicity was only 2.8%. Compared with 2D-CRT,
IMRT could improve the treatment outcomes of NPC
in stages I, I, Ill, and IV: the 5-year OS of stage |
was improved by about 3%, and the OS of stages
Il, lll, and IV were improved by 14%, 12%, and 19%,
respectively "2, Zhang et al.™® chose 190 patients
treated with primary NPC treated with IMRT and another
190 patients treated with 2D-CRT according to the
matched ratio of 1:1 to compare treatment effect and
toxicity, and found the 4-year DMFS, LRFS,
progression-free survival (PFS), and OS of patients
treated with IMRT were improved by approximately
5%, 12%, 15%, and 13%, respectively. Meanwhile, IMRT
can reduce some radiation-related complications in
NPC patients compared with 2D-CRT. Previous
studies have confirmed that IMRT changed the failure
pattern of NPC from local recurrence and distant
metastasis to predominantly distant metastasis in
patients treated with 2D-CRT &"® Phase Il clinical
trials based on 2D-CRT have confirmed that
concurrent chemoradiotherapy can improve treatment
outcomes and has been regard as standard
treatment modality for locoregionally advanced NPCU!1l,
Chemotherapy provided no significant benefit to IMRT
in locoregionally advanced NPC, but increased
toxicities!" 181,

Previous results have demonstrated that in
comparing with 2D-CRT, both the clinical outcomes
and failure patterns have changed in NPC patients

treated with IMRT. Thus, further investigation of
treatment modality is warranted. Although there are
many reports on IMRT for NPC, sample size is
relatively small and the difference of treatment
outcomes among different T and N combination
subgroups was rarely analyzed. Therefore, we
retrospectively analyzed the long-term clinical outcomes
of 865 patients with NPC treated with IMRT, and
performed the analysis of treatment outcomes
stratified by different combination of T and N
classification to explore the treatment strategy for
patients with different T and N stage diseases.

Patients and Methods

Clinical data

Clinical data of 865 NPC patients treated at the Sun
Yat-sen University Cancer Center between May 2001
and January 2008 were collected and analyzed. Cases
met the following criteria were eligible for this study:
pathologically proven NPC with no distant metastasis,
nasopharynx computed tomography (CT) or magnetic
resonance imaging (MRI) performed before primary
treatment, and receiving radical IMRT at initial diagnosis.
Of 865 patients with NPC, 673 were males and 192 were
females, with a sex ratio of 3.5:1. Their age range was
13 to 78 years, with a median age of 43 years.
According to the UICC 2002 staging criteria, there were
452, 210, 410, and 164 patients with stage |, Il, Ill, and
IVa disease, respectively, as shown in Table 1.

Radiotherapy

Primary nasopharyngeal tumor and the upper neck
were treated with IMRT, whereas the lower neck and the
supraclavicular fossae were treated with a single anterior
split field by conventional RT with a dose of 50 Gy in
2-Gy daily fractions. All patients were immobilized in the
supine position with a head, neck, and shoulder
thermoplastic mask. Two set images, with and without
contrast, were obtained from the CT simulator for
treatment planning purposes. All patients were scanned
with serial 3-mm slices from the vertex through the
clavicles. Inverse IMRT planning was performed using
the Corvus system, version 3.0 (Peacock, Nomos, Deer
Park, IL), and a MiMi multileaf collimator (Nomos,
Sewickly, PA) was used for planning and treatment. The
delineation of target volumes and adjacent critical
organs, and the doses to these target volumes and
organs referred to a previously described institutional
treatment protocol™. The prescribed doses and
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distribution of each target volume are shown in Table 2.

Chemotherapy

Of patients with early stage NPC (T1-2N0-1MO0),
198 patients were treated with IMRT alone, 43 with
concurrent chemotherapy, and 21 with induction plus
concurrent chemotherapy. Of patients with locoregionally
advanced disease (T3-4N0-3MO or T1-4N2-3M0), 101
were treated with IMRT alone, 222 with concurrent
chemotherapy, 207 with induction plus concurrent
chemotherapy, 35 with concurrent chemotherapy plus
adjuvant chemotherapy, and 38 with induction
chemotherapy or adjuvant chemotherapy.

Follow-up and statistical methods

Follow-up duration was calculated since completion
of treatment. Median follow-up duration for the whole
group was 40 months (range, 6 to 104 months). Data
was analyzed employing SPSS13.0 statistic soft
package. Survival rates were estimated using the
Kaplan-Meier method. Differences between subgroups of
patients were analyzed using the log-rank test. Risk ratio
of death was calculated using the Cox regression risk
model. A value of P < 0.05 was considered to be
significantly different.

Results

Clinical treatment outcomes

Of 865 patients, 170 (19.5%) developed failure after
treatment, with 5-year OS, LRFS, and DMFS at 83.0%,
90.4%, and 84.0%, respectively. Locoregional relapse

mostly (68.6%) occurred within 1 to 3 years after treatment,
fewer (25.7%) occurred during the fourth and fifth years,
and quite rare (5.7% ) occurred after 5 years. Most
distant metastases (87.8%) occurred within 1-3 years.
Distant metastasis was the major failure pattern after
treatment, local relapse was the secondary pattern with
cervical lymph node relapse occurring rarely (Table 3).
With T stage elevation, the 5-year LRFS of patients
gradually decreased. LRFS were significantly different
between subgroups of patients with different T stage
disease, except for subgroups with stages T1 and T2
disease, indicating T stage was still effective in
predicting risk of local relapse (Table 4). DMFS was
significantly different between subgroups of patients with
different N stage disease; N stage was directly related to
the risk of distant metastasis. No significant differences
in OS were found between stages | and Il or between
stages IVa and IVb. However, significant differences
were observed between other groups. With clinical stage
increase, OS decreased (Table 4). In a certain T stage,
as N stage increased, DMFS, PFS, and OS showed a
tendency to decrease. In a certain N stage, as T stage
increased, the OS also showed a tendency to decrease
(Table 5).

Comparison on treatment outcomes among
different treatment modalities for locoregionally
advanced NPC

Most patients with locoregionally advanced NPC
(T3-4N0-3MO0 or T1-2N2-3MO0) were treated with
combined treatment modalities based on concurrent
chemotherapy. Patients with poor liver or renal function
and in poor condition were treated with radiotherapy
alone, whereas patients with stage T3-4NO-1 disease
were treated with concurrent chemotherapy, patients with

Table 1. Distribution of T and N stages of 865 patients

with nasopharyngeal carcinoma (NPC)

Stage NO N1 N2 N3 Total
T 52 (6.0) 16 (1.8) 9 (0.2) 2 (0.1) 79 (9.1)

T2 84 (9.7) 110 (12.7) 83 (9.6) 13 (1.5) 290 (33.5)
T3 84 (9.7) 125 (14.5) 109 (12.6) 11 (1.3) 329 (38.0)
T4 43 (5.0) 71 (8.2) 50 (5.8) 3 (0.3) 167 (19.3)
Total 263 (30.4) 322 (37.2) 251 (29.0) 29 (3.4) 865 (100.0)

Data are presented as numbers of patients, with percentages in parentheses.

Table 2. The prescription doses to target volumes and dose-volume statistics

Target Mean volume (cm®) Goal dose (Gy) Fractions Maximum mean dose (Gy)

Minimum mean dose (Gy)  Mean dose (Gy)

GTV 33.93 68 30 80.59 64.33 74.45
ct\ 58.89 60 30 79.57 54.54 69.85
CTv2 247.00 54 30 77.66 38.71 62.37
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Table 3. Patterns of failures in 170 NPC patients after treatment

Patterns of failure

No. of patients (%)

Primary recurrence
Nodal recurrence
Primary, nodal recurrence
Distant metastasis
Lung metastasis
Liver metastasis
Bone metastasis
Mediastinal metastasis
Multiple metastasis
Distant metastasis, primary and/or nodal recurrence

38 (22.4)
10 (5.9)

Table 4. Five-year survival rate of patients with different stage NPC

T stage No. of patients LRFS® (%) N stage No. of patients DMFS® (%) Clinical stage No. of patients 0S° (%)
T1 79 100.0 NO 263 96.8 | 52 98.1
T2 290 95.3 N1 322 85.0 Il 210 95.8
T3 329 88.6 N2 251 73.5 Il 410 80.3
T4 167 80.5 N3 29 62.1 IVa-b 193 68.9
LRFS, local recurrence-free survival; DMFS, distant metastasis-free survival; 0S, overall survival.
a2 =27.74, P<0.01; " x* = 67.44, P < 0.01; ° »* = 2.81, P= 0.59.
Table 5. Five-year survival rate of patients with different T and N stage NPC
Group No. of patients DMFS PFS 0S Group No. of patients DMFS PFS 0S
TINO 52 100.0 100.0 93.8 T3N1 125 85.0 72.2 80.9
T1N1 16 100.0 100.0 100.0 T3N2 109 721 63.4 63.1
T1N2 9 100.0 100.0 100.0 T4NO 43 90.6 59.1 68.2
T2NO 84 98.8 97.6 96.3 T4N1 7 66.8 63.5 74.2
T2N1 110 94.2 84.1 94.6 T4N2 50 51.0 43.9 66.0
T2N2 83 83.4 72.6 84.5 T1-2N3 15 73.3 73.3 80.0
T3NO 84 96.6 88.2 98.8 T3-4N3 14 50.0 50.0 45.7

PFS, progression-free survival; other abbreviations as in Table 4.

stage T1-4N2-3 disease were treated with induction
chemotherapy plus concurrent chemotherapy for their
higher risk of distant metastasis, and patients failing to
achieve complete remission after radiotherapy were
treated with adjuvant chemotherapy. When employing
IMRT for locoregionally advanced NPC, the treatment
outcomes of radiotherapy alone, induction chemotherapy
plus radiotherapy or radiotherapy plus adjuvant
chemotherapy, concurrent chemoradiotherapy, induction
chemotherapy plus concurrent chemoradiotherapy, and
concurrent chemoradiotherapy plus adjuvant
chemotherapy were similar. Comparing with those
treated with IMRT alone, patients failed to benefit from
various combined treatment modalities of radiotherapy

and chemotherapy, as shown in Table 6.

Death risk of NPC patients in various T and N
combination subgroups

Based on T1-2NO (risk ratio = 1), with death being
the endpoint, sex, age and combined with chemotherapy
or not being the covariates, the Cox regression model
was used to calculate risk ratios of death in various T
and N combination subgroups (Figure 1). TINO was
analyzed together with T2NO due to limited case fold;
similarly, TIN1 and T2N1, T1N2 and T2N2, T1N3 and
T2N3, and T3N3 and T4N3 were combined and
analyzed. As T and N stage combination increased,
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treatment strategies

Table 6. Comparison of 5-year survival rates in patients with stage T3 -4N2 -3 NPC treated with different

Treatment strategy No. of patients LRFS® (%) DMFS® (%) 0S° (%) RRFS* (%) PFS® (%)
RT alone 101 86.7 82.3 77.2 94.2 66.8
IChe + RT or Ach + RT 38 86.3 83.0 82.3 97.3 70.6
CCRT 222 91.6 80.7 78.7 96.6 71.4
IChe + CCRT 207 85.6 715 73.4 95.5 61.3
CCRT + ACh 35 95.2 73.9 80.6 100 69.8

abbreviations as in Tables 4 and 5.

RT, radiotherapy; IChe, induction chemotherapy; Ach, adjuvant chemotherapy; CCRT, concurrent chemoradiotherapy; RRFS, regional relapse-free survival; other

¥ =5.06, P=028;°x =127, P=0.87; °x* = 2.81, P = 0.59; "x* = 4.18, P = 0.38; °»* = 1.32, P = 0.86, among different groups.
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Figure 1. Risk ratios of death in patients with different T and N stage nasopharyngeal careinoma (NPC).

death risk ratio showed a tendency to gradually increase.
Death risk ratio of T3N2 disease was similar to that of
T4N2 disease.

Prognosis of NPC patients in various subgroups

The survival rates of NPC patients in locally
advanced group (T3-4N0-1MO, 323 cases) and
regionally advanced stage group (T1-2N2-3MO0, 107
cases) were similar and the survival curves of the two
groups were similar or interlaced. Treatment outcomes of
NPC patients in early stage group (T1-2N0-1MO0, 262
cases) were best, with a survival rate above 90% (Table
7). Treatment outcomes of NPC patients in locoregionally
advanced stage group (T3-4N2-3MO, 173 cases) were
worst, with a 5-year OS of 62.2% (Figure 2). Based on
locoregionally early stage group (risk ratio = 1),

belonging to low death risk group, the death risk ratio of
NPC patients in various T and N subgroups gradually
increased. Death risk ratios of NPC patients in locally
advanced group (4.230) and regionally advanced group
(4.625) were similar, belonging to media death risk
group. Death risk of NPC patients in locoregionally
advanced group, up to 10.402, was the highest and
thus, belonged to a high death risk group.

Discussion

Radiotherapy is the principal treatment modality for
non-metastatic NPC. In the present study, 865 primary
NPC patients were treated with IMRT with 5-year LRFS,
DMFS, and OS of 90.4%, 84.0%, and 83.0%, respectively.
Treatment outcome of IMRT was improved compared
with that of conventional radiotherapy®”®.Wong et al.[")
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Table 7. Five-year survival rates of 865 patients with different TN stage NPC

Group No. of patients LRFS* (%) DMFS® (%) 0S° (%) RRFS' (%) PFS® (%)
T1-2NO-1 262 971 96.3 95.6 973 91.9
T3-4N0-1 323 87.2 84.4 80.1 98.1 72.4
T1-2N2-3 107 94.7 83.3 84.8 94.2 723
T3-4N2-3 173 83.0 62.3 62.2 94.0 54.8

“x% =18.88, P < 0.01; °* = 69.33, P < 0.01; )% = 55.90, P < 0.01 ; °x2 = 7.61, P = 0.55; * 2 = 68.13, P < 0.01, among different groups.
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Figure 2. Local recurrence-free survival curves (A), regional recurrence-free survival curves (B), progression-free survival curves (C), distant
metastasis-free survival curves (D), and overall survival curves (E) of NPGC patients in different subgroups.

reported that the 3-year LRFS rate in patients with
stage T1, T2a, T2b, T3, and T4 disease were
93.4%, 100%, 93.4%, 94.4%, and 87.8%, respectively,
after IMRT, without significant differences among the
three groups. Results by Tham et al. ?" indicated local
relapsed rates of patients with stage T1-T3 NPC were
similar, which is lower than that of patients with stage T4
NPC. Both studies showed when IMRT was used for
NPC, the T stage failed to satisfactorily predict the local

relapse rate. However, present results showed the
5-year local control rate of the nasopharynx of patients
with stages T1, T2, T3 and T4 NPC gradually decreased
with an increase of T stage, there were significant
differences among the groups except between stages T1
and T2. Comparing with the results by Wong et al.'” and
Tham et al. ?, our results showed that T stage was
effective in predicting local relapse in patients treated
with IMRT, likely due to a larger case size and longer
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follow-up time in the present research. In the present
series, significant differences of DMFS were detected
among different N stage groups. The N stage may
perfectly predict distant metastasis. Most of the
recurrence and metastasis of the present research
occurred within 3 years after treatment, which is similar
to the result of 2D-CRT®"2, This finding suggests a close
follow-up examination should be strengthened in the
former 3 years after treatment to detect early relapse or
metastasis and deliver salvage treatment in time. In the
present research, although the 5-year survival of patients
with stages I, I, lll, IVa and IVb NPC were better than
that of patients with the same stage diseases treated
with 2D-CRT B722 the 5-year survival of advanced
stages (stages lll and IV) was still worse than that of
early stages (stages | and II).

Our results showed a direct relationship between an
increased death risk and a higher TN combination stage.
The treatment outcome of early stage group (T1-2N0-1M0)
was the best, with a 5-year OS of up to 95.6%. Studies
of NPC patients treated with 2D-CRT showed the
distant metastasis rate of the N1 group was higher than
that of the NO group in early stage diseases. Therefore,
combined treatment modality of radiotherapy and
chemotherapy for patients with N1 stage disease was
recommended %21 We previously used IMRT for
patients with early stage NPC, the 5-year tumor specific
survival rate reached 97.3%, and observed similar
treatment outcomes among T1NO, T2NO, T1N1, and
T2N1 groups®. As a result, we recommend IMRT alone
for the early stage group.

In general, T stage is related to local control,
whereas N stage is related to distant metastasis. Present
data, however, showed the advanced local disease
group (T3-4NO-1MO0) had a similar local control rate,
distant metastasis rate, PFS, and OS with the advanced
nodal disease group (T1-2N2-3M0). In addition, with the
survival curves interlacing and being close to each other,
the death risks of the two groups, 4.230 and 4.625,
respectively, were at the same level. Zong et al.™ also
found advanced local disease group and advanced nodal
disease group have similar treatment outcomes when
employing 2D-CRT techniques for NPC patients.
Compared with the advanced local disease group
(T3-4N0-1M0), the LRFS, DMFS, and PFS of early
stage group (T1-2NO-1MO) were improved by about
10.0%, 12.0%, and 9.5%, respectively, and its OS was
improved by about 15.0%. These results indicate for
patients with early N stage disease, as T stage
increased, not only the risk of local failure but also the
risk of distant metastasis increased. Compared with early
stage group, advanced local disease group had a poorer
LRFS and DMFS, considered to be related for the
following reason: although IMRT could improve the target
coverage of the nasopharyngeal tumor, in patients with

stage T3-4 disease, doses of some targets were
insufficient because of the tolerance dose constraint of
organs at risk such as brain stem and temporal lobe,
which led to the reduced local control. Extensive bone
erosion was usually seen in patients with stage T3-4
disease. Cheng et al.™ reported the distant metastasis
rate increased when the bone marrow of the skull base
was invaded and that invasion of the parapharyngeal
venous plexus could increase the distant metastasis
rate. In addition, distant metastasis may increase in
some patients with T4 disease combined with invasion to
the cavernous sinus, which communicates with the
ophthalmic and facial veins and with the pterygoid
venous plexus branching through the foramen ovale. In
our study, the treatment outcome of advanced
locoregional disease group (T3-4N2-3M0) was the
worst, with the 5-year DMFS of only 62.3% and the
highest death risk up to 10.402, which decreased by
about 20.0% as compared with the advanced nodal
disease group (T1-2N2-3MO0) at the same N stage level,
indicating that distant metastasis was related to N and T
stages.

According to the results of phase Il clinical trials
and meta-analysis previously reported, concurrent
chemoradiotherapy had the most definite survival benefit
for locoregionally advanced NPC and had become a
standard treatment regimen . In these phase IlI
clinical trials and meta-analysis, 2D-CRT technique was
adopted for radiotherapy, and survival mainly benefited
from the increase of local control rate. Present results
show when compared with IMRT alone, IMRT combined
with concurrent chemotherapy reaps no benefit for local
control and survival. In addition, Lin et al.l"® also reported
that when IMRT was used for NPC patients, the
application of concurrent chemotherapy failed to improve
the treatment outcome or prognosis. The 5-year RFS of
the present study was as high as 90%, whereas the 3-year
local control rate previously reported was up to 93%
-95% ros2127 - We thought the application of IMRT
improves the local control rate, which may “counteract”
the effect of concurrent chemoradiotherapy on improving
the local control rate and survival rate. However, there
are no phase lll clinical trials to identify the value of
concurrent chemotherapy on locoregionally advanced
NPC treated with IMRT. As a result, we recommend
further investigation on the value of concurrent
chemotherapy combined with IMRT on locoregionally
advanced NPC.

The relapse rate and distant metastasis rate in
advanced local disease group (T3-4N0-1M0), advanced
nodal disease group (T1-2N2-3MO0), and advanced
locoregional disease group (T3-4N2-3MO0) were quite
high. Unfortunately, existing chemotherapeutic regimens
(cisplatin plus fluorouracil) in induction chemotherapy
and adjuvant chemotherapy failed to reduce distant
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metastasis or improve survival®?®%l |n recent years,
the application of new chemotherapeutic regimens and
molecular target agents on head and neck cancer and

NPC

show great 131-38],

promise Meanwhile, the

application of IMRT has improved the treatment outcome

of NPC and

reduced the toxicity of radiotherapy,

facilitating the intensification of systemic chemotherapy.
Further randomized clinical trials on the application of

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Cao SM, Simons MJ, Qian CN. The prevalence and prevention
of nasopharyngeal carcinoma in China [J]. Chin J Cancer,
2011,30(2):114-119.

Trejaut J, Lee CL, Yen JC, et al. Ancient migration routes of
Austronesian-speaking populations in oceanic Southeast Asia
and Melanesia might minic the spread of nasopharyngeal
carcinoma [J]. Chin J Cancer, 2011,30(2):96-105.

Xiao WW, Han F, Lu TX, et al. Treatment outcomes after
radiotherapy alone for patients with early-stage nasopharyngeal
carcinoma [J]. Int J Radiat Oncol Biol Phys, 2009,74(4):1070-
1076.

Song CH, Wu HG, Heo DS, et al. Treatment outcomes for
radiotherapy alone are comparable with neoadjuvant
chemotherapy followed by radiotherapy in early-stage
nasopharyngeal carcinoma [J]. Laryngoscope, 2008,118 (4):
663-670.

Chua DT, Sham JS, Kwong DL, et al. Treatment outcome after
radiotherapy alone for patients with Stage |-II nasopharyngeal
carcinoma [J]. Cancer, 2003,98(1):74-80.

Chen CY, Han F, Zhao C, et al. Treatment results and late
complications of 556 patients with locally advanced
nasopharyngeal carcinoma treated with radiotherapy alone [J].
Br J Radiol, 2009,82(978):452-458.

Yi JL, Gao L, Huang XD, et al. Nasopharyngeal carcinoma
treated by radical radiotherapy alone: ten-year experience of a
single institution [J]. Int J Radiat Oncol Biol Phys, 2006,65(1):
161-168.

Su SF, Lu TX, Zhao C, et al. Comparison of the Chinese ’92
and 2008 staging systems of nasopharyngeal carcinoma
according to the long term outcomes of patients treated with
intensity-modulated radiotherapy [J]. Chin J Radiat Oncal,
2010,19(3):185-189. [in Chinese]

Kam MK, Teo PM, Chau RM, et al. Treatment of
nasopharyngeal carcinoma with intensity-modulated
radiotherapy: the Hong Kong experience [J]. Int J Radiat
Oncol Biol Phys, 2004,60(5):1440-1450.

Wong FC, Ng AW, Lee VH, et al. Whole-field simultaneous
integrated-boost intensity-modulated radiotherapy for patients
with nasopharyngeal carcinoma [J]. Int J Radiat Oncol Biol
Phys, 2010,76(1):138-145.

Zhao C, Xiao WW, Han F, et al. Long-term outcome and
prognostic factors of patients with nasopharyngeal carcinoma
treated with intensity-modulated radiation therapy [J]. Chin J
Radiat Oncol, 2010,19(3):191-196. [in Chinese]

Chen CY, Han F, Zhao C, et al. Long-term results of 934
nasopharyngeal carcinoma treated with radiotherapy alone [J].
Chin J Radiat Oncol, 2008,17(6):411-415. [in Chinese]

Zhang Y, Lin ZA, P JJ ,et al. Concurrent control study of
different radiotherapy for primary nasopharyngeal carcinoma:
intensity-modulated radiotherapy versus conventional
radiotherapy [J]. Chin J Cancer, 2009,28 (11):1143-1148. [in
Chinese]

IMRT combined with different

systemic treatment

methods are necessary for the development of an
effective treatment regimen to improve the prognosis of
NPC patients.

Received: 2010-11-22;

revised: 2011-01-26;

accepted: 2011-01-26.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Al-Sarraf M, LeBlanc M, Giri PG, et al. Chemoradiotherapy
versus radiotherapy in patients with advanced nasopharyngeal
cancer: phase Il randomized Intergroup study 0099 [J]. J Clin
Oncol, 1998,16(4):1310-1317.

Langendijk JA, Leemans CR, Buter J, et al. The additional
value of chemotherapy to radiotherapy in locally advanced
nasopharyngeal carcinoma: a meta-analysis of the published
literature [J]. J Clin Oncol, 2004,22(22):4604-4612.

Huncharek M, Kupelnick B. Combined chemoradiation versus
radiation therapy alone in locally advanced nasopharyngeal
carcinoma: results of a meta-analysis of 1528 patients from six
randomized trials [J]. Am J Clin Oncol, 2002,25(3):219-223.
Tham IW, Lin S, Pan J, et al. Intensity-modulated radiation
therapy without concurrent chemotherapy for stage Ilb
nasopharyngeal cancer [J]. Am J Clin Oncol, 2010,33(3):294 -
299.

Lin S, Lu JJ, Han L, et al. Sequential chemotherapy and
intensity-modulated radiation therapy in the management of
locoregionally advanced nasopharyngeal carcinoma: experience
of 370 consecutive cases [J]. BMC Cancer, 2010,10:39.

Zhao C, Lu TX, Han F, et al. Clinical study of 139
nasopharyngeal carcinoma patients for intensity modulated
radiation therapy [J]. Chin J Radiat Oncol, 2006,15(1):1-6. [in
Chinese]

Chua DT, Sham JS, Wei WI, et al. The predictive value of the
1997 American Joint Committee on Cancer stage classification
in determining failure patterns in nasopharyngeal carcinoma
[J]. Cancer, 2001,92(11):2845-2855.

Tham W, Hee SW, Yeo RM, et al. Treatment of
nasopharyngeal carcinoma using intensity-modulated
radiotherapy-the national cancer centre singapore experience
[J]. Int J Radiat Oncol Biol Phys, 2009,75(5):1481-1486.
Chua DT, Sham JS, Choy D, et al. Preliminary report of the
Asian-Oceanian Clinical Oncology Association randomized trial
comparing cisplatin and epirubicin followed by radiotherapy
versus radiotherapy alone in the treatment of patients with
locoregionally advanced nasopharyngeal carcinoma. Asian-
Oceanian Clinical Oncology Association Nasopharynx Cancer
Study Group [J]. Cancer, 1998,83(11):2270-2283.

Zong JF, Ma J, Tang LL, et al. A study of the combined
treatment strategy for patients with nasopharyngeal carcinoma
based on the analysis of the treatment results from 749 cases
[J]. China Cancer, 2005,14(8):538-542. [in Chinese]

Chua DT,Ma J,Sham JS,et al.lmprovement of survival after
addition of induction chemotherapy to radiotherapy in patients
with early-stage nasopharyngeal carcinoma: Subgroup analysis
of two Phase Il trials [J]. Int J Radiat Oncol Biol Phys, 2006,
65(5):1300-1306.

Su SF, Han F, Zhao C, et al. Long-term outcomes of early-
stage nasopharyngeal carcinoma patients treated with intensity-
modulated radiotherapy alone [J]. Int J Radiat Oncol Biol
Phys, 2010 Oct 29. [Epub ahead of print].

572 Chin J Cancer; 2011; Vol. 30 Issue 8

Chinese Journal of Cancer



Sheng-Fa Su et al.

Outcomes for different subgroup NPC patients treated with IMRT

[26]

[27]

(28]

[29]

[30]

Cheng SH, Tsai SY, Yen KL, et al. Prognostic significance
of parapharyngeal space venous plexus and marrow
involvement: potential landmarks of dissemination for stage 1-III
nasopharyngeal carcinoma [J]. Int J Radiat Oncol Biol Phys,
2005,61(2):456-465.

Lee N, Xia P, Quivey JM, et al. Intensity-modulated
radiotherapy in the treatment of nasopharyngeal carcinoma: an
update of the UCSF experience [J]. Int J Radiat Oncol Biol
Phys, 2002,53(1):12-22.

Ma J, Mai HQ, Hong MH, et al. Results of a prospective
randomized trial comparing neoadjuvant chemotherapy plus
radiotherapy  with  radiotherapy alone in patients with
locoregionally advanced nasopharyngeal carcinoma [J]. J Clin
Oncol, 2001,19(5):1350-1357.

Chua DT, Ma J, Sham JS, et al. Long-term survival after
cisplatin-based induction chemotherapy and radiotherapy for
nasopharyngeal carcinoma: a pooled data analysis of two
phase |l trials [J]. J Clin Oncol, 2005,23(6):1118-1124.
Kwong DL, Sham JS, Au GK, et al. Concurrent and adjuvant
chemotherapy for nasopharyngeal carcinoma: a factorial study

[31]

[32]

[33]

[34]

[35]

[J]. J Clin Oncol, 2004,22(13):2643-2653.

Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus
cetuximab for squamous-cell carcinoma of the head and neck
[J]. N Engl J Med, 2006,354(6):567-578.

Vermorken JB, Remenar E, van Herpen C, et al. Cisplatin,
fluorouracil, and docetaxel in unresectable head and neck
cancer [J]. N Engl J Med, 2007,357(17):1695-1704.

Chan AT, Hsu MM, Goh BC, et al. Multicenter, phase Il study
of cetuximab in combination with carboplatin in patients with
recurrent or metastatic nasopharyngeal carcinoma [J]. J Clin
Oncol, 2005,23(30):3568-3576.

He XY, Hu CS, Ying HM, et al. Paclitaxel with cisplatin in
concurrent chemoradiotherapy for locally advanced
nasopharyngeal carcinoma [J]. Eur Arch Otorhinolaryngol,
2010,267(5):773-778.

Kong L, Zhang YW, Hu CS, et al. Neoadjuvant chemotherapy
followed by concurrent chemoradiation for locally advanced
nasopharyngeal carcinoma [J]. Chin J Cancer, 2010,29 (5):
551-555.

Submit your next manuscript to Chinese Journal of
Cancer and take full advantage of:

- Open access

- No charge to authors

+ Quickly published

- Thorough peer review

. Professionally edited

- No space constraints

- Indexed by PubMed, CA, and Google Scholar

Submit your manuscript at

WWW.CjcSysu.com

/

WWW.cjcsysu.com

Chin J Cancer; 2011; Vol. 30 Issue 8 573



