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Abstract: Nasopharyngeal carcinoma (NPC) is a malignant tumor, with a high rate of incidence in Southern China. 
This study explored the most appropriate radiotherapy dose for suspicious positive cervical lymph nodes in patients 
with N0 NPC. Ninety-six patients with suspicious positive cervical lymph nodes were randomized into low-dose 
group (64 Gy) and high-dose group (68-70 Gy). Among these, T3/T4-stage patients were given concomitant chemo-
radiotherapy and were followed-up for 28-44 months, with a median of 36 months, during which the regression of 
cervical lymph nodes, radiation injury of cervical skin and muscle, regional control rate, distant metastases rate, 
overall survival (OS), and other indicators were observed. Intergroup comparisons were performed using t-test. 
The treatment efficiencies for suspicious positive cervical lymph nodes of the experiment and control groups were 
90.1% and 93.3%, respectively (P < 0.05), and the incidences of cervical mucocutaneous reactions were 12.5% 
and 33.3% (P < 0.05), respectively. The 3-year OS rates of the groups were 93.5% and 89.1% (P < 0.05), respec-
tively, while the tumor-free survival (TFS) rates were 87.0% and 80.4% (P < 0.05), respectively. Treatment efficiency 
of cervical lymph nodes, OS, and other indicators did not show significant differences between the two groups, while 
the incidences of radiation dermatitis of neck skin and cervical soft tissue fibrosis were significantly lower in the 
experiment group than the control group. Therefore, a radiotherapy dose of 64 Gy for suspicious positive cervical 
lymph nodes of NPC is safe and reliable.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malig-
nant tumor with a high incidence in Guangdong 
and Guangxi, China. Radiotherapy has been 
considered as the main treatment protocol for 
NPC. Cervical lymph node enlargement is an 
important manifestation of NPC. More than 
85% of patients, with initially diagnosed NPC, 
are accompanied by regional lymph node 
metastasis [1]. Clinically, some scattered small 
lymph nodes with the largest cross-sectional 
minor axis < 1 cm, intact capsule, and absence 
of central necrosis are often found in imaging 
examinations of some of the patients. These 
lymph nodes are considered to be positive 
lymph nodes, but they fail to justify the diagnos-
tic criteria [2, 3] and are associated with prog-

nosis. Radiotherapy dose for this type of lym- 
ph nodes is still inconclusive; relatively few 
domestic and foreign relevant reports are avail-
able and there is a lack of comparative study. In 
this study, 96 patients, with suspicious positive 
cervical lymph nodes, who initially receiving 
treatment for N0 NPC were randomized into 
experiment group (64 Gy radiotherapy dose  
for suspicious positive lymph nodes) and con-
trol group (68-70 Gy radiotherapy dose for sus-
picious positive lymph nodes). Patients in both 
groups were given concomitant chemo-radio-
therapy [intensity modulated radiotherapy 
(IMRT) + Cisplatin] and were followed up for 
28-44 months. To explore an appropriate radio-
therapy dose for suspicious positive cervical 
lymph nodes, efficacy and toxic and side-effects 
were compared between the two groups. 
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Materials and methods

General information

N0 NPC patients, with suspicious positive ce- 
rvical lymph nodes, were selected from The 
First Affiliated Hospital of Guangxi Medical 
University between February and December, 
2011 for the study. 

Inclusion criteria were as follows: (1) Aged 
18-70 years old; (2) Met with WHO diagnostic 
criteria; (3) Pathologically diagnosed with non-
keratinizing squamous cell carcinoma; (4) Im- 
aging diagnosed as stage N0; (5) Had no dis-
tant metastasis; (6) Demonstrated normal 
results of the blood routine, electrolytes, as 
well as liver and kidney functions; (7) Suffered 
from suspicious positive lymph nodes; and (8) 
Signed written informed consent. 

Exclusion criteria were as follows: (1) Pregnant 
or lactating women; (2) Had undergone lymph 
node biopsy; (3) Were combined with other 
malignant tumors; and (4) Received radiothera-
py or chemotherapy prior to the treatment. 

According to the preliminary experiments, 96 
cases were selected and assigned to the exper-
iment group (48 cases) and control group (48 
cases), using a random number table. 

Diagnostic criteria for suspicious positive lym- 
ph nodes below the standard were referred to 
the criteria for metastatic lymph nodes, which 
specified the lymph nodes with the largest 
cross-sectional minor axis ≥ 0.5 cm, but < 1 
cm, intact capsule and absence of central 
necrosis.

Treatment protocol

Instruments: Stimulation was performed using 
a Brilliance 16-sliced CT (Philips, Dutch), and 
patients were radiated using a linear accelera-
tor (IX model, Varian Inc., USA). 

CT simulation scanning: Computed tomography 
(CT) scanning was performed before radiother-
apy on all the patients from both the groups. 
Patients were kept in supine position and fixed 
with a head-neck-shoulder mask. The scanning 
ranged from calvarium to 2 cm below the cla-
vicula, with a layer pitch 3 mm and thickness 3 
mm was used. The scanning images were 
imported to a radiotherapy treatment planning 
system for analyses. 

Sketching target areas and organs at risk: 
Principles described in ICRU50 and ICRU62 
documents were adopted to sketch the target 
areas in patients from both the groups, where 
gross tumor volume of nasopharynx (GTVnx), 
suspicious positive cervical lymph nodes (GTV- 
ndsuspicious positive), clinical target volume 1 (CTV1: 
high-risk area), clinical target volume 2 (CTV2: 
low-risk area), and normal risk organs, includ-
ing spinal cord, brain stem, parotid, temporal 
lobe, eye ball, and crystal were sketched in the 
CT images referring to the MRI images. 

Prescribed dose: Patients in both the groups 
received a course of radical radiotherapy, 
where prescribed doses with statistical insig-
nificance were applied to GTVnx, CTV1, and 
CTV2 (GTVnx DT 70~74 Gy, CTV1 DT 60~64  
Gy, CTV2 DT 50 Gy~54 Gy), while a differ- 
ent prescription dose was applied to GTV- 
ndsuspicious positive (DT 64 Gy in experiment group, 
and DT68~70 Gy in control group). The limiting 
dose for involved organs were determined 
according to the Radiation Therapy Oncology 
Group Protocol 02-25: 40~50 Gy for brain 
stem, 35~40 Gy for spinal cord, 45~50 Gy for 
optic nerve, optic chiasm, and pituitary gland, 
40~55 Gy for temporal lobe, 3~5 Gy for crystal, 
24~30 Gy for parotid, 30~50 Gy for temporo-
mandibular joint, and 40~50 Gy for inferior 
maxillary bone. 

Irradiation method: Patients in both the groups 
were exposed to IMRT, with 7 coplanar confor-
mal fields. Patients from both the groups were 
exposed to preventive irradiation in the upper 
neck region. After planned optimization, lateral 
intensity data was obtained from each field, 
and dose for each area was verified, followed 
by 6 MV high-intensity X-ray irradiation with a 
linear accelerator. 

Radiotherapy: T3/T4-stage patients in both the 
groups were given concurrent chemotherapy, 
with a single-agent Cisplatin (80~100 mg/m2) 
from the first day of radiotherapy, and all of 
them successfully received two cycles (21 days 
for one cycle) of concurrent chemotherapy. On 
the other hand, T1/T2-stage patients received 
only radiotherapy. 

Observation and follow-up: During the treat-
ment, primary lesion and regression of cervical 
lymph nodes were closely monitored. In addi-
tion, the radiotherapy toxicity according to the 
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RTOG irradiation reaction criteria was assess- 
ed. During the follow-up, the following items 

Among the participants, 71 were men and 25 
women, with age in the range of 18-63 years 
(median age 45 years), and castigliano score  
of ≥ 80. All the patients underwent plain and 
enhanced MRI on the nasopharynx and neck 
before the treatment to determine T and N 
stages of the carcinoma. In terms of T-staging 
according to the AJCC Cancer Staging Manual 
7th ed. [4], there were 9 cases of T1 stage, 29 
cases of T2 stage, 46 cases of T3 stage, and 
12 cases of T4 stage. In the participants, a 
total of 161 suspicious positive lymph nodes 
were observed, including 85 suspicious posi-
tive lymph nodes in unilateral neck of 60 
patients, and 76 suspicious positive lymph 
nodes in bilateral necks of 36 patients. More- 
over, among the observed nodes, 12 lymph 
nodes were observed in Ib region, 45 in IIa 
region, 51 in IIb region, 38 in III region, 6 in IV 
region, and 9 in V region. In total, 71 and 90 
suspicious positive lymph nodes were observ- 

Figure 1. Recruitment flowchart.

were examined: blood rou-
tine, biochemistry, chest film, 
abdominal B-ultrasound, fib- 
eroptic pharyngoscopy, and 
MRI examination of head and 
neck. Patients with suspi-
cious distant metastasis un- 
derwent chest and abdomen 
CT or bone ECT, or even PET-
CT, if appropriate. 

Statistical analysis

Primary outcomes included 
OS, recurrence-free survival 
(RFS), and metastasis-free 
survival (MFS). Statistical an- 
alyses were performed using 
SPSS17.0 software, wherein 
the K-M method and log-rank 
test were adopted, and a dif-
ference with P < 0.05 was 
considered statistically signi- 
ficant. 

Results

Recruitment flowchart 

Recuritment flowchart (see Fi- 
gure 1).

Baseline data (Table 1)

Table 1. Comparisons of 96 N0 NPC patients 
with suspicious positive cervical lymph nodes 
in different radiotherapy dose groups

Low-dose 
group

High-dose 
group P

Sex (number)
    Male 35 36 > 0.05
    Female 13 12 > 0.05
Age (years) 47.2 48.1 > 0.05
T stage (number)
    T1 4 5 > 0.05
    T2 13 16 > 0.05
    T3 25 21 > 0.05
    T4 6 6 > 0.05
Nodes (number)* 71 90 > 0.05
*Nodes = Suspicious positive lymph nodes.
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ed in the experiment and control groups, 
respectively. 

Follow-up ranged from the date of diagnosis  
to December 30, 2014. There were 4 lost 
cases, with a 1-year follow-up rate of 100% and 
3-year follow-up rate of 95.8%. Patients were 
rechecked once every 3 months within 2 years 
after the treatment, and once every 6 months 
afterwards. 

Prognosis: therapeutic results, recurrence, 
and metastasis (Tables 2, 3)

In all of the patients, the 3-year OS and TFS 
scores were 91.6% and 84.4%, respectively. 
There were 8 death cases (3 cases in experi-
ment group and 5 cases in control group), with 
a survival range of 16-38 months. Three cases 
died of local recurrence (2 cases in experiment 
group and 1 case in control group), 4 due to 
distant metastasis (1 case in experiment group 
and 3 cases in control group), and 1 death was 
caused to non-tumor reasons. Three cases suf-

fered from local recurrence (1 case in experi-
ment group and 2 cases in control group), 1 
case from cervical recurrence (Ib region) (con-
trol group), with a recurrence rate of cervical 
lymph nodes of 1.0%, and 3 cases suffered 
from distant metastasis, including 2 cases of 
bone metastasis (1 case in experiment and 
control groups separately), and 1 case of lung 
metastasis (experiment group). 

Comparison of short-term efficacy and adverse 
reactions 

At the end of radiotherapy, regression of the 
cervical lymph nodes was observed. Among the 
71 suspicious positive lymph nodes in the 
experiment group, 59 cases of CR, 5 cases of 
PR, and 7 cases with no changes, with an effi-
ciency of 90.1%, were observed. Among the 90 
suspicious positive lymph nodes in the control 
group, 75 cases of CR, 9 cases of PR, and 6 
cases of no changes, with an efficiency of 
93.3%, were observed. No significant differ-
ence was observed in terms of efficiency 
between the groups. In terms of cervical muco-
cutaneous reactions, 4 cases from experiment 
group and 2 cases from control group suffered 
from dry dermatitis (skin with dryness and des-
quamation) and moist dermatitis (skin with 
ulceration and exudation), respectively, with an 
incidence of 12.5%. In the control group, 11 
cases suffered from dry dermatitis and 5 cases 
suffered from moist dermatitis, with an inci-
dence of 33.3%, thereby showing significant 
difference as compared to the experiment 
group (P < 0.05). 

Comparison of long-term efficacy and adverse 
reactions

Until the end of the follow-up (December  
30, 2014), there were 4 lost cases (2 cases in 
each of the groups), with a follow-up rate of 
95.8%. There were 8 death cases with a sur-
vival range of 16-38 months (3 cases in experi-
ment group and 5 cases in control group), of 
which 3 cases died of local recurrence, 4 cases 
died of distant metastasis, and 1 case died due 
to non-tumor reasons. One case from the con-
trol group suffered from regional lymph node 
recurrence. The 3-year OS scores were 93.5% 
and 89.1%, RFSs were 87.0% and 80.4%, and 
MFSs were 89.6% and 85.4% for experiment 
and control groups, respectively. These values 
indicated that the differences were not statisti-

Table 2. Dose and volume of risk organs

OAR Volume
Average dose (Gy)

Low-dose 
group

High-dose 
group

Brain stem 5% 41.38 42.62
Spinal cord 1 cm3 39.68 40.96
Temporal lobe 33%
    Left 20.05 18.87
    Right 19.72 19.53
Parotid 33%
    Left 43.88 52.24
    Right 42.91 51.15
Pituitary 5% 24.60 23.81
Optic nerve 5%
    Left 10.94 10.11
    Right 12.31 10.37
Optic chiasm 5% 28.56 27.93
*OAR = organ at risk.

Table 3. Prognosis of 96 N0 NPC patients in 
different radiotherapy dose groups

Low-dose 
group

High-dose 
group

Recurrence (number) 2 4
Metastasis (number) 2 2
Death (number) 3 5
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cally significant between the two groups (P > 
0.05). However, 1 case (2.2%) from the experi-
ment group and 4 cases (8.7%) from the con-
trol group suffered from severe fibrosis of cervi-
cal software tissues. The difference between 
the groups was statistically significant (P < 
0.05). 

Effects of irradiation dose on cervical recur-
rence

In the experiment group, none of the cases was 
found to suffer from cervical recurrence; how-
ever, in the control group, 1 case suffered cer-
vical recurrence in Ib region, with a recurrence 
rate of cervical lymph nodes of 2.1%. The dif-
ference between the two groups was statisti-
cally insignificant (P > 0.05). 

Discussion

NPC is a malignant tumor, with a very high rate 
of incidence in Southern China. N0 NPC 
accounts for 4-35.9% of all NPC patients [1, 
5-7]. So far, 50 Gy~54 Gy was used as the pre-
ventive cervical irradiation dose for N0 NPC; 
however, the irradiation dose for suspicious 
positive lymph nodes below the standard has 
not been clarified in the guidelines. Although a 
dose of 64 Gy has been recommended by the 
expert consensus, it lacks the sufficient clinical 
evidence for its application.

Treatment efficiency of NPC is closely related  
to the local irradiation dose. Teo et al. [8, 9] 
reported that the increase of dose is closely 
associated with tumor control following irradia-
tion with a conventional radical dose. In outlin-
ing the NPC target area, CTV1 was found to be 
the high-risk area, which refers to possible 
invasive areas adjacent to the primary tumors 
or metastatic lymph nodes. Normally, the radio-
therapy dose for high-risk area is about 64 Gy. 
Since suspicious positive lymph nodes are 
closely met with the diagnostic criteria of the 
positive lymph nodes, it is unlikely to exclude 
the possibility of malignancy only by MRI, espe-
cially when the pathological diagnosis is 
unavailable. Therefore, we believe it is reason-
able to classify suspicious positive lymph 
nodes as high-risk regions, and to irradiate the 
suspicious positive lymph nodes with a dose of 
64 Gy. Previous studies have reported cases 
suffering from recurrence of cervical lymph 
nodes following radiotherapy treatment for N0 

NPC. Chen SY et al. [10] reported a 23.2% 
recurrence rate of cervical lymph nodes in N0 
NPC patients after irradiation with a preventive 
dose, thereby suggesting that a preventive 
dose of 50-54 Gy is likely to induce higher 
regional recurrence rate for suspicious posi- 
tive lymph nodes of NPC. It may be attributed  
to the tumor metastasis that might have 
occurred in lymph nodes, with normal size and 
morphology. The same can be confirmed by 
imaging and pathological studies of the cervi-
cal lymph nodes. Thus, it is necessary to 
increase the irradiation dose for suspicious 
positive cervical lymph nodes.  

Studies by Ma DY et al. [11] reported that  
size of lymph nodes was the most significant 
factor affecting the residual cervical lymph 
nodes; larger lymph nodes might lead to a poor-
er blood supply to tumor center and a higher 
proportion of hypoxic cells, thereby resulting in 
a stronger resistance to irradiation and more 
difficult dissipation. Since the size of suspicious 
positive lymph nodes is even smaller, they 
should theoretically present an even higher 
sensitivity to irradiation than positive lymph 
nodes, thereby providing a biological basis for a 
lower dose of 64 Gy compared to the radical 
dose. For these lymph nodes, a dose of greater 
than 66 Gy, referring to the radical treatment of 
positive lymph nodes, tend to achieve the cura-
tive treatment, but at the same time is prone to 
aggravate the cervical radio-dermatitis, soft-
tissue fibrosis, and other severe adverse reac-
tions. Therefore, in this study, we selected a 
dose of 64 Gy, between the doses of radical 
and preventive radiotherapy. As compared to 
the preventive dose of 50~54 Gy, a dose of 64 
Gy could ensure a sufficient dose for suspicious 
positive lymph nodes, thereby reducing the 
recurrence of local lymph nodes, whereas a 
radical radiotherapy dose of greater than 66 Gy 
could alleviate the radioactive adverse reac-
tions with good tolerance. These findings were 
consistent with our earlier results [12]. 

Conclusion

A basic goal of radiotherapy is to improve the 
therapeutic gain ratio, which refers to maximiz-
ing the killing of tumor cells, and simultaneous-
ly reduce unnecessary irradiation to surround-
ing normal organs and tissues, decrease the 
extent of side effects, and improve the quality 
of life of patients. In this study, we used an irra-
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diation dose of 64 Gy for the treatment of sus-
picious positive cervical lymph nodes in NPC 
patients, and achieved a 3-year OS rate of 
93.5% and a TFS rate of 87.0%, which were 
comparable to the results in literature [13, 14]. 
An irradiation dose of 64 Gy was able to achie- 
ve good short-term and long-term efficacies, 
with small adverse reactions and good toler-
ance, thereby providing a feasible therapeutic 
choice for suspicious positive cervical lymph 
nodes in NPC patients. 

Limitations

Limitations include small sample size and lack 
of multi-center randomized controlled study. 
Therefore, further studies are required to inves-
tigate the long-term efficacy and adverse 
reactions. 
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