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Objectives: The purpose of this study was to investigate factors associated with lymph
node (LN) metastasis to identify which nasopharyngeal cancer (NPC) patients can undergo
a reduction in the prophylactic radiation field. MRI of biopsy-proven NPC patients was
evaluated to determine primary tumour extension and the existence of LN metastasis.
Methods: Sex, age, pathological type, T stage, primary tumour size, existence beyond
the midline of the nasopharynx at the primary site and parapharyngeal extension of
the primary tumour were assessed regarding their impact on the laterality of LN
metastasis using the x2 test.
Results: Of the 167 patients, 149 (89%) showed nodal involvement. The existence
beyond the midline of the nasopharynx was significantly associated with the laterality
of LN metastasis (p,0.0001). Most patients (82%) with primary tumour presence within
the midline showed only ipsilateral LN metastasis or no LN metastasis. In addition,
contralateral LN metastases were seen only at Level II and the retropharyngeal LN
among most of other patients.
Conclusion: These results suggest that LN areas other than Level II and the
retropharyngeal LN on the contralateral side could be omitted in patients with primary
tumour presence within the midline and without the contralateral Level II or the retro-
pharyngeal LN. Whether disease control is compromised by reducing the radiation field for
subclinical diseases is a problem that should be solved in the future by prospective study.
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Most patients with nasopharyngeal cancer (NPC) show
cervical lymph node (LN) metastasis at the time of dia-
gnosis, and the frequency is reported to be approximately
90% [1–3]. Some investigators have attributed the high
frequency of LN metastasis to the abundance of lymphatic
tissues in the posterior wall of the nasopharynx [4, 5]. In
view of this fact, the bilateral cervical LN area has usually
been included in the clinical target volume (CTV) on
definitive radiotherapy (RT) for NPC [6, 7]. However,
while NPC may occur at any age, it has a bimodal
distribution with the first peak of occurrence in the 15–25
years age range [8]. There is concern that the radiation-
induced second primary cancer or late complications such
as carotid artery stenosis might increase in the future with
an improvement of long-term survival outcome by
advancements in therapy such as intensity-modulated
radiotherapy (IMRT) or a new promising chemotherapy
regimen in younger generations [9–11]. Moreover, muco-
sitis due to a wide irradiation field is still a serious problem
during the period of RT, even when RT alone is performed.
Thus, it should be sufficiently addressed whether the
adequate coverage of the entire bilateral cervical LN area
in the CTV for potential subclinical diseases is absolutely
necessary for all NPC patients or not.

IMRT has been increasingly used in the clinic and has
shown clinical benefit in patients with head and neck
cancer such as NPC. The optimal definition and the precise
delineation of the CTV are absolutely necessary for IMRT,
and those provide adequate coverage of the CTV while
limiting the dose to the surrounding organs at risk (OAR).
We have evaluated the relationship between tumour
growth patterns and LN metastasis based on MRI in
NPC patients [12, 13]. Our hypothesis of the current study
is that if we could show the difference of frequency and
regions of cervical LN metastasis according to patient and
tumour characteristics, we could reduce the CTV for
potential subclinical diseases in selected NPC patients. The
present paper reports on the correlation between the
laterality and regions of nodal metastasis and the
characteristics of the patients and tumours in NPC patients
by employing MRI, and pursues the possibility of the
reduction of the cervical radiation field in selected patients.

Methods and materials

Patient selection

NPC patients who had been treated with RT with or
without chemotherapy between November 1990 and April
2009 at our institution and who met the eligibility criteria
were entered into this retrospective study. The eligibility
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criteria were as follows: biopsy-proven NPC (World Heal-
th Organization (WHO) Type I, II or III), evaluation by
MRI with gadolinium enhancement before treatment and
written informed consent before treatment.

MRI techniques and image assessment

MRI studies were performed with a 1.5 tesla unit (Signa;
General Electric Medical Systems, Milwaukee, WI) before
February 2009 and with a 3.0 tesla unit (Signa; General
Electric Medical Systems) thereafter. The other MRI
techniques were similar to those in our previous study
[14]. MRI conducted before the treatment was evaluated
by one experienced radiologist and two radiation oncol-
ogists specialising in head and neck cancer to determine
tumour extension at the primary site and the existence of
LN metastasis. All patients were restaged according to the
2002 American Joint Commission on Cancer (AJCC)
staging classifications [15]. As for extension of the primary
tumour, patients were classified according to two criteria.
One criterion was the presence of lateral invasion of the
nasopharynx, and the other was existence beyond the
midline of the nasopharynx. The criterion chosen for
the presence of lateral invasion of the nasopharynx was
direct tumour extension through the pharyngobasilar
fascia on MRI, i.e. parapharyngeal extension [15]
(Figure 1), because some studies have shown that the
incidence of LN metastasis was significantly higher in
cases of parapharyngeal space invasion [4, 14]. When the
primary tumour existed beyond the midline of the
prevertebral fascia, this type of primary tumour was

defined as existing beyond the midline of the nasophar-
ynx (Figure 2). In addition, all patients were classified into
three groups according to the maximal tumour diameter
on axial imaging: small (#20 mm), medium (.20 mm
and ,40 mm) and large (>40 mm).

Cervical LN metastasis was defined as nodes showing a
minimal axial diameter of >10 mm [14]. In addition, the
following lymph nodes were also regarded as metastasis
even when the minimal axis diameter was #10 mm:
necrotic lymph nodes with a visualised capsule, and
lymph nodes showing a definite decrease in size on MRI
after treatment. The retropharyngeal LN with a minimal
axial diameter of >5 mm was considered metastatic [1].
The cervical nodes were subdivided into specific levels, as
proposed by Gregoire et al [16]. When LNs located in the
border of two regions crossed different axial planes, the
LN status was recorded in both regions. When overlaps
occurred in the same axial plane, assignment was
performed according to the main body of LNs. LN
metastasis was classified into three groups according to
the side of LN metastasis: none, ipsilateral and bilateral.
When LN metastasis existed only on the contralateral side
of the primary tumour, it was defined as bilateral.

Study design and statistical analysis

All available charts were reviewed to assess patient
and tumour characteristics. Sex, age at diagnosis (#60 vs
.60), the WHO pathological type (Type I vs Type II/III),
T stage (T1 vs T2 vs T3 vs T4), primary tumour size (small
vs medium vs large), existence beyond the midline of the
nasopharynx at the primary site (yes vs no) and lateral

Figure 1. Axial contrast MRI of the nasopharynx in a patient
with nasopharyngeal cancer showing tumour involvement in
the right parapharyngeal space (arrows).

Figure 2. Axial contrast MRI of the nasopharynx in a patient
with nasopharyngeal cancer showing tumour involvement
beyond the midline of the nasopharynx (arrow).
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invasion (none vs unilateral vs bilateral) were assessed
regarding their impact on the laterality of LN metastasis
using the x2 test. p,0.05 was considered significant.

Results

Patient and tumour characteristics

A total of 167 patients were entered into this study. Of
these, 149 (89%) showed nodal involvement. The char-
acteristics of the patients and tumours are shown in
Table 1. The distribution of metastatic node sites is shown
in Table 2. There were no Level Ia or VI LN metastases,
and Level Ib and parotid gland LN metastases were
uncommon (2% and 0.5%, respectively).

Factors associated with lymph node metastasis

Correlations between the characteristics of the patients
and tumours and the laterality of LN metastasis are
shown in Table 3. The existence beyond the midline of the
nasopharynx at the primary site was significantly asso-
ciated with the incidence of LN metastasis (p,0.0001).
Primary tumour presence within the midline showed a

higher incidence only in ipsilateral LN metastasis than
existence beyond the midline, with incidences of 68% and
25%, respectively (Table 3). On the other hand, primary
tumour existence beyond the midline of the nasopharynx
showed a higher incidence in bilateral LN metastasis than
primary tumour presence within the midline of the
nasopahrynx, with incidences of 66% and 18%, respec-
tively (Table 3). As for the distribution of metastatic node
sites in 56 patients with NPC within the midline of the
nasopharynx, there was no bilateral LN metastasis at
Level I, IV, V and VI, and in the parotid gland LN, and the
incidence of bilateral LN metastasis at Level III was only
3%, as shown in Table 4. Two patients (3%) with
contralateral LN metastasis at Level III also had contral-
ateral LN metastasis at Level II and in the retropharyngeal
LN. The bilateral LN metastases were seen with low
frequency at Level II and in the retropharyngeal LN, with
incidences of 16% and 10%, respectively (Table 4).

The WHO pathological type was also significantly
associated with the incidence of LN metastasis (p5

0.022). Patients with WHO Type II/III showed a higher
incidence of bilateral cervical LN metastasis than patients
with WHO Type I, who inturn showed a higher rate of
cervical LN metastasis absence than patients with WHO
Type II/III. However, the incidences of patients who had
ipsilateral cervical LN metastasis were similar between
WHO Type I and Type II/III, with incidences of 38% and
40%, respectively (Table 3).

Age, sex, T stage and the primary tumour size were
not associated with the incidence of LN metastasis.
Lateral invasion of the nasopharynx at the primary site
tended to be associated with the incidence of cervical LN
metastasis, although not significantly (p50.079). The
incidence of LN metastasis was not different between
the no lateral invasion and unilateral invasion groups,
but the bilateral invasion group showed a higher
incidence of bilateral LN metastasis than other groups,
as shown in Table 3.

Discussion

IMRT enables the delivery of higher radiation doses to
the tumour while sparing OAR. Thus, as the reduction of
high-dose radiation to OAR is one of the major purposes
of IMRT, the necessity of adequately covering the entire
bilateral cervical LN area in the CTV of all NPC patients
is disputable. Indeed, despite the rapid dissemination of
IMRT in the treatment of NPC, the optimal definition of
the CTV has not been sufficiently addressed [17]. The
definition of the CTV in IMRT for NPC advocated by
various researchers was largely based on previous
experience in conventional RT techniques such as
parallel-opposed lateral fields, in which it is difficult to
omit only the unilateral LN level from the radiation field.
An increase in the treatment volume by either conven-
tional RT or IMRT raises the probability of acute and
long-term adverse effects. Many younger patients were
present among the NPC patients [8, 18]. We are
concerned about increased radiation-induced second
primary cancer or late complications such as carotid
artery stenosis with improvements in the long-term
survival outcome brought about by advances in therapy
such as IMRT or a new promising chemotherapy

Table 1. Patient and tumour pre-treatment characteristics

Characteristic

Age (years) 52 (11–83)
Sex

Male 125 (75%)
Female 42 (25%)

T stage
1 61 (36%)
2 50 (30%)
3 20 (12%)
4 36 (22%)

N stage
0 18 (11%)
1 60 (36%)
2 64 (38%)
3 25 (15%)

Stage
1 7 (4%)
2 43 (26%)
3 60 (36%)
4 A/B 49 (29%)
4 C 8 (5%)

Pathological type
WHO Type I 34 (20%)
WHO Type II/III 133 (80%)

Lateral invasion
None 64 (38%)
Unilateral 71 (43%)
Bilateral 32 (19%)

Beyond the midline of the nasopharynx
Yes 111 (66%)
No 56 (34%)

Tumour size
Small (#20 mm) 43 (26%)
Medium (.20 mm, #40 mm) 78 (47%)
Large (.40 mm) 46 (27%)

The age is presented as the median value (range).
WHO, World Health Organization.
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regimen [9–11]. In addition, a recent study pointed out the
possibility that superior CTV coverage of IMRT results in
an increase in the carotid artery dose compared with
conventional three-field technique [19]. Vitolo et al [19]
determined the radiation dose to the carotid artery in NPC
patients treated with IMRT and compared it with the dose
delivered by a conventional three-field technique. The
median mean dose to the carotid arteries was 65.7 Gy
with IMRT vs 58.4 Gy with conventional three-field
technique (p,0.001), although with the application of
dose constraints to the carotid arteries it was possible to
reduce the mean carotid dose to 54 Gy in the IMRT
replans. Therefore, it is reasonable to attempt to decrease
the probability of carotid artery stenosis and other adverse
effects by IMRT with a reduced CTV, if possible [20].

Lymphatic drainage of carcinomas of the head and neck
has been associated with the primary tumour location and
adjacent subsites to which the tumour has spread [21]. In
the case of NPC, the lymphatic vessels of the nasopharynx
drain in two general directions, lateral and medial [22].

Primary drainage involves the lateral pathway, which
drains the lateral nasopharynx and flows into the lateral
half of the upper internal jugular chain or into the lateral
retropharyngeal LN [23]. These facts indicate that both
retropharyngeal LN and cervical Level II nodes might be
the first-echelon nodes in NPC [4]. A recent study using
MRI data of 924 NPC patients has shown that LN
metastases spread in an orderly fashion from higher level
LN to lower level LN, and this result did not support
prophylactic irradiation of Level IV and supraclavicular
LN in patients who were negative for LN metastases [24].

In this study, the existence beyond the midline of the
nasopharynx at the primary site was significantly asso-
ciated with the laterality of cervical LN metastasis
(p,0.0001). Primary tumour presence within the midline
showed a significantly higher incidence only in ipsilateral
LN metastasis than those existing beyond the midline,
with incidences of 68% and 25%, respectively. In addition,
more than 80% patients with primary tumour presence
within the midline showed only ipsilateral LN metastasis

Table 2. Distribution of metastatic lymph nodes in 167 patients with nasopharyngeal cancer

Lymph node metastasis

Nodes None (%) Ipsilateral (%) Bilateral (%) Total (%)

Retropharyngeal 53 (32) 62 (37) 52 (31) 68
Parotid 166 (99.5) 1 (0.5) 0 (0) 0.5
Level Ib 164 (98) 3 (2) 0 (0) 2
Level I 30 (18) 61 (37) 76 (45) 82
Level III 110 (66) 29 (17) 28 (17) 34
Level IV 135 (81) 27 (16) 5 (3) 19
Level V 140 (84) 19 (11) 8 (5) 16

Total values are the total percentage of the incidence of ipsilateral and bilateral lymph node metastasis.

Table 3. Factors associated with lymph node metastasis

Lymph node metastasis

Factors None (%) Ipsilateral (%) Bilateral (%) p-value

Age (years) 0.37
#60 12 (9) 49 (38) 67 (52)
.60 6 (15) 17 (44) 16 (41)

Sex
Male 11 (9) 50 (40) 64 (51)
Female 7 (17) 16 (38) 19 (45)

T stage 0.32
1 7 (12) 27 (44) 27 (44)
2 2 (4) 21 (42) 27 (54)
3 2 (10) 8 (40) 10 (50)
4 7 (19) 10 (28) 19 (53)

Pathological type 0.022a

WHO Type I 8 (24) 13 (38) 13 (38)
WHO Type II/III 10 (7) 53 (40) 70 (53)
Lateral invasion 0.079

None 8 (13) 29 (46) 26 (41)
Unilateral 6 (8) 31 (43) 35 (49)
Bilateral 4 (12) 6 (19) 22 (69)

Beyond the midline ,0.0001a

Yes 10 (9) 28 (25) 73 (66)
No 8 (14) 38 (68) 10 (18)

Tumour size 0.11
Small 6 (14) 18 (42) 19 (44)
Medium 3 (4) 31 (48) 31 (48)
Large 9 (15) 17 (29) 33 (56)

aSignificant.
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or no LN metastasis. Our previous studies also support
this result [12, 13]. In general, the CTV includes the
retropharyngeal nodal regions, Levels Ib, II, III, IV and V
in bilateral neck sites for NPC [8, 25, 26]. However, in this
study, the incidences of contralateral LN metastasis
existed only at Level II and in the retropharyngeal LN
with low frequency among most patients with primary
tumours within the midline of the nasopharynx. A few
patients (3%) with contralateral LN metastasis at Level III
also had contralateral LN metastasis at Level II and in the
retropharyngeal LN. Therefore, these results suggest that
the coverage of the ipsilateral cervical LN area, the
contralateral Level II and retropharyngeal LN area could
be sufficient for the CTV of NPC patients within the
midline of the nasopharynx at the primary site and
without the contralateral Level II and retropharyngeal LN
metastasis. On the other hand, we think that when the
contralateral Level II or retropharyngeal LN metastasis is
shown, the levels lower than Level II and retropharyngeal
LN could not be omitted from the CTV.

The WHO pathological type was also significantly
associated with the incidence of cervical LN metastasis
(p50.022). However, the incidence of patients who had
ipsilateral cervical LN metastasis was similar between
WHO Type I and Type II/III. Therefore, we think that the
cervical radiation field cannot be reduced according to the
WHO pathological type for NPC patients. T stage and
the primary tumour size were not associated with the
incidence of cervical LN metastasis. As presented in
Table 1, 44% of T1 tumours and 44% of small (#20 mm)
tumours showed bilateral cervical LN metastasis. This
result suggested that the bilateral cervical LN area could
not be omitted from the CTV even in these patients
because of the high rate of bilateral LN metastasis.

There are problems that limit the interpretation of
findings in this study, e.g. a lack of opportunity for
histological confirmation of the imaging findings, espe-
cially for LN metastasis. However, the definition of cer-
vical LN metastasis in this study is a commonly used and
reliable criterion. The combination of MRI and positron
emission tomography/CT may provide a more accurate
predictor of tumour-positive cervical nodes than the
definition used in this study [17].

Conclusion

This study reported on the correlation between the la-
terality and regions of LN metastasis and the characteristics

of the patients and tumours in 167 patients with NPC by
employing MRI. Most patients (82%) with primary tumour
presence within the midline showed only ipsilateral LN
metastasis or no LN metastasis. In addition, contralateral
LN metastases were seen only at Level II and the
retropharyngeal LN in most of the other patients. These
results suggest that the cervical radiation field could be
reduced in patients within the midline of the nasopharynx
at the primary site and without the contralateral Level II or
retropharyngeal LN metastasis. However, whether disease
control is compromised by reducing the radiation field for
subclinical diseases is a problem that should be solved in
the future by prospective study. On the other hand, the T
stage and primary tumour size were not associated with
the incidence of cervical LN metastasis. These results
suggest that the bilateral cervical LN area could not be
omitted from the CTV even in patients with an early T
stage or small primary tumour because of the frequency of
bilateral LN metastasis. This study will support the
establishment of an optimal CTV according to NPC tumour
and patient characteristics.
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