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Background: Cervical lymph node metastasis was an important prognostic factor. However, the prognosis
of the maximum diameter of cervical lymph nodes before treatment has always been controversial. The aim
of this study was to analyze the relationship between treatment outcomes and the maximum diameter of
lymph nodes (Dmax) in loco-regional advanced nasopharyngeal carcinoma (NPC) after intensity modified
radiotherapy.

Methods: From Jan. 2012 to Dec. 2017, 163 patients with locally advanced NPC treated with intensity
modified radiotherapy were retrospectively analyzed. The T-stage distribution was 6.7% in T'1, 23.3% in
T2, 38.7% in T3, and 31.3% in T4. The N-classifications were 6.1% in NO, 23.3% in N1, 47.9% in N2,
and 22.7% in N3. TNM stages were III 51.5% and IVa 48.5%. All patients received intensity modified
radiotherapy to the nasopharynx and neck. The dose was 66-70.4 Gy, 2-2.2 Gy per fraction over 6-7 weeks
to the primary tumor and lymph nodes and 54-60 Gy to clinical target volumes (CTVs). One hundred fifty
patients were received induction chemotherapy and/or concurrent chemotherapy. The maximum diameter of
the lymph node is measured on the axial or coronal MRI image.

Results: The median follow-up time was 31 months (range, 6.1-79.3 months). Six cases developed neck
recurrence and 9 cases developed nasopharynx recurrence. The lymph nodes diameter was 0-12 cm, median
2.9 cm. Three-year overall survival (OS) rate was 77.8%. Three-year local failure-free rate (L-FFR), distant
failure-free rate (D-FFR) and disease-free survival (DFS) rate were 88.1%, 77.6% and 63.9% respectively.
Multivariate analysis showed Dmax was not a prognostic factor for OS, L-FFR, D-FFR, DFS. Both uni-
and multivariate analyses demonstrated that N-classification and age is the significant prognostic factor for
predicting OS while the maximum diameter of lymph nodes, T-classification, N-classification and AJCC-
classification are the significant prognostic factor for predicting OS in univariate analyses in local-regional
advanced NPC.

Conclusions: The maximum diameter of the lymph nodes was not a prognostic factor for local-regional
advanced NPC treated with intensity modulated radiotherapy.
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Introduction

Nasopharyngeal carcinoma (NPC) is the most commonly
diagnosed head and neck malignancy in Southeast Asia,
and radiation therapy is its mainstay treatment. Early stage
NPC is usually treated with radiation therapy alone and
concurrent chemoradiotherapy is the standard treatment
modality for loco-regionally advanced diseases (1-5).
Intensity modulated radiotherapy has become the standard
of radiotherapy for NPC (6). In particular, the extensive
use of intensity-modulated radiotherapy technology greatly
improved the survival of patients and improved long-term
quality of life (7,8). Cervical lymph node metastasis was an
important prognostic factor (9). However, the prognosis
of the maximum diameter of cervical lymph nodes
before treatment has always been controversial (10-12).
In two-dimensional radiotherapy era, a large sample of
retrospective analysis founded that the maximum diameter
of the lymph node after radiotherapy alone was not a
prognostic factor for early NPC with cervical lymph node
metastasis (11).

The aim of this report was to analyze the relationship
between treatment outcomes and the maximum diameter
of lymph nodes in advanced NPC treated with intensity
modified radiotherapy before treatment according to an
institutional protocol.

Methods
Study design and eligibility

This retrospective study was conducted in Ruijin Hospital
of Shanghai Jiao Tong University. Data was obtained
from the hospital’s medical records and the online data-
management system. Patient information was anonymized
and de-identified before analysis. Patients were deemed
eligible when they started curative intent radiotherapy, with
or without chemotherapy (7able 1). There were no medical
interventions in the current study. Our study obtained
ethics approval of Ruijin Hospital.

Patients and pretreatment evaluation

Between January 2012 and December 2017, 163 consecutive
and non-selected histologically approved patients with
locally advanced NPC were treated according to our
institutional protocol at the Ruijin Hospital of Shanghai
Jiao Tong University. Pretreatment evaluation consisted of
a complete history and physical examination, indirect or
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Table 1 Patient characteristics
Characteristics N (%)
Gender
Male 126 (77.3)
Female 37 (22.7)
Age (year)
Median [range] 53 [13-84]
<60 125 (76.7)
>60 38 (23.3)

T-classification

1 11 (6.7)
2 38 (23.3)
3 63 (38.7)
4 51 (31.3)

N-classification

0 10 (6.1)

1 38 (23.3)

2 78 (47.9)

3 37 (22.7)
AJCC stage

M 84 (51.5)

IVa 79 (48.5)
Dmax (cm)

Median [range] 2.9[0-12]

<3 111 (68.1)

3< Dmax <6 46 (28.2)

>6 6 (3.7)
Scheme

Radiotherapy alone 13 (8.0)

Combined chemotherapy 150 (92.0)

fiber-optic endoscopic examination, complete blood counts,
serum electrolytes, CT of the chest, magnetic resonance
imaging (MRI) of the head and neck, ultrasound of liver
and abdominal, Urinalysis, bone scan and dental evaluation.
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All MRI and clinical data were reviewed to minimize
heterogeneity in restaging. The American Joint Committee
on Cancer staging system (8th edition) was used for stage
classification (13). All patients with positive lymph nodes
in the cervical region according to the criteria described
by van den Brekel ez al., i.e., shortest axis of 211 mm in
the jugulodigastric regions, or >10 mm in other cervical
regions (14). In addition, a group of 3 or more lymph
nodes of borderline in size is considered metastatic, and
were included in this analysis. The maximum diameter of
the lymph node was measured on the axial or coronal MRI
image.

Treatment planning and delivery

All patients were immobilized in the supine position with a
tailored head-shoulder thermoplastic mask, followed by a
CT simulation. CT simulation (Brilliance Big Bore, Phillips,
Amsterdam, Netherlands) was performed at a slice thickness
of 3-5 mm from the head to 5 cm below the sternoclavicular
joint. MR images were co-registered with CT images.
The target volumes were delineated slice-by-slice using an
individualized protocol that complies with the International
Commission on Radiation Units and Measurements reports
50 and 62 as follows (15-17): the GTV of the primary tumor
(GTV-P) included retropharyngeal lymph nodes, and the
rest involved lymph nodes that were defined as GTV-LN.
The GTV-P was delineated according to the pretreatment
lesion as shown by MRI. Whereas post-induction
chemotherapy volumes of involved neck lymph nodes were
used for GTV-LN delineation. The planning target volume
(PTV) of the primary tumor (PTV-G) and the lymph nodes
(PTV-LN) were created by expanding a 3-5-mm margin
around the GTV-P and the GTV-LN for setup variation
and range uncertainties. Two clinical target volumes
(CTVs)—CTV1 and CTV2—were then determined. These
volumes represented high- and low-risk disease regions,
respectively. The CTVI included the nasopharyngeal
cavity, posterior one-third of the nasal cavity and maxillary
sinus, parapharyngeal space, pterygopalatine fossa, lateral
pterygoid plate, skull base, prevertebral muscles, the whole
clivus and sphenoid sinus, retropharyngeal nodal regions,
and drainage area of the upper neck (levels II, III, and
VA). Adjacent structures were included according to the
scope of tumor invasion. The CTV2 included the drainage
area of the lower neck (levels IV and VB), which were not
outlined for patients with stage NO. If the lymph nodes
were positive in the level IV or VB, the lower neck was
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included by the CTV1. PTV60 and PTV54 were created by
expanding a 3-5-mm margin around the CTV1 and CTV2
to compensate for geometric uncertainties and patient
movement. The OARs—including the brainstem, spinal
cord, optic nerves, optic chiasm, eyeballs, lenses, temporal
lobes, parotid glands, and larynx—were carefully outlined
and expanded according to the RTOG 0225 protocol
during optimization (18). Dose fractionation at discretion
of the attending physician as follows: a total dose of 66-70.4
and 70.4 Gy in 30-32 fractions was usually prescribed
for the PTV-G and PTV-LN, whereas 60 and 54 Gy in
30-32 fractions were prescribed to the PTVs of CTV1 and
CTV2, or the dose prescriptions were 70 Gy for PTV-P at
2.12 Gy/fraction, 66 Gy for PTV-LN at 2 Gy/fraction and
60 and 54 Gy for PTVs of CTV1 and CTV2 delivered in 33
fractions, or the dose prescriptions were 70 Gy for PTV-P
at 2 Gy/fraction, 66 Gy for PTV-LN and 60 and 54 Gy for
PTVs of CTVI1 and CTV2 delivered in 35 fractions. All
patients received five daily fractions per week. The planning
goal was to deliver at least 95% of the prescribed dose to
99% of the GTV without exceeding the dose tolerance of
the critical neurological OARs. It was stipulated that not
more than 110% of the prescribed dose should be outside of
the PTV, no more than 5% of the PTV should receive more
than 105% of the prescribed dose, and no more than 3%
of the PTV should receive less than 93% of the prescribed
dose. The dose received by each OAR was limited to a
tolerance according to the RTOG 0225 protocol. By using
the TPS, 7-9 fields of a 6-MV photon beam were evenly
distributed around each patient’s head and neck.

Combined chemotherapy

Based on the treatment guidelines for NPC at our hospital,
concurrent chemotherapy +/- induction chemotherapy or
adjuvant chemotherapy was recommended to patients with
stage III-IVa NPC. Induction chemotherapy was consisted of
paclitaxel (135 mg/m?) or docetaxel (75 mg/m?) and cisplatin
(75 mg/m?); every 3 weeks for 2-3 cycles. Concurrent
chemotherapy was consisted of cisplatin administered
every 3 weeks (100 mg/m?) or weekly (40 mg/m?)
during RT.

Follow-up

All patients were evaluated weekly during treatment. After
the completion of radiation therapy, the patients were
followed up every 3 months during the first and second

Transl Cancer Res 2019;8(3):802-810 | http://dx.doi.org/10.21037/tcr.2019.04.22



Translational Cancer Research, Vol 8, No 3 June 2019

Table 2 Failure patterns

805

Table 3 Cause of death

Failure patterns Number Cause of death Number
Nasopharynx recurrence 9 Total 22
Neck recurrence 6 Nasopharynx and neck recurrence 9
Bone metastasis 5 Distant metastasis 10
Liver metastasis 10 Unknown 3
Lung metastasis 5

Multiple metastasis 6

year, and every 6 months during the next 2-3 years, then
once every year after that. MRI of the head and neck region,
chest CT, abdominal ultrasound and physical examination
were performed during follow-up session. MRI of the brain
and liver, whole body bone scan or PET/CT were ordered

when patients had indications.

Statistical analysis

All events were measured from the date of completion of
radiation therapy until documented treatment failure or the
last follow-up visit. The time to the first defining event was
assessed for the following end-points: local failure-free rate
(L-FFR—persistence/recurrence at nasopharynx/cervical
lymph node), distant failure-free rate (D-FFR—disease
metastasis at distant sites), overall survival (OS—death
due to any cause) and disease free survival (DFS—staying
free of disease after radiotherapy). Initial diagnosis of
treatment failure was based on clinical and/or radiological
examinations and pathology confirmation of local or
regional recurrence were required. The rates of local and
regional control, DFS, and OS rates were calculated with
the Kaplan-Meier method, and the differences compared
with the log-rank test. All statistical tests were two-sided
and P values of 0.05 or less were considered significant.
Multivariate analysis using the Cox proportional hazard
model was performed to define independent predictors
among various potential prognostic factors. The Statistical
Package for the Social Sciences, version 22.0 (SPSS Inc.)
was used for all statistical analysis.

Results
Treatment outcomes

The median follow-up time for the entire group was
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31 months (range, 6.1 to 79.3 months). At the time of this
analysis, a total of 6 cases experienced neck recurrence, 9
patients developed local recurrence in the primary area. In
addition, 26 patients developed distant metastasis (1able 2).
A total of 22 patients had deceased: 10 patients died
from distant metastasis, 9 died from progression of local or
regional disease after recurrence, and the causes of death of 3
additional cases were unknown (Zable 3). The 3-year OS rate
of whole cohort was 77.8%, and the 3-year L-FFR, D-FFR,
and DFS rates were 88.1%, 77.6% and 63.9%, respectively
(Figure 1). The median Dmax in our study was 2.9 cm
(range, 0 to 12 cm). The 3-year OS rate (78.7% vs. 81.3% vs.
50.0%), L-FFR (90.9% vs. 80.3% ws. 100%), D-FFR (84.7%
vs. 68.3% vs. 33.3%), and DFS rates (71.6% vs. 53.3% uvs.
33.3% ) of Dmax <3 c¢m, 3 cm < Dmax <6 cm, Dmax >6 cm

(Figure 2).

Prognostic factors

The value of various potential prognostic factors
include age, T and N-classification, TNM stage, Dmax
of LN on predicting L-FFR, D-FFR, DFS and OS
were evaluated (Tubles 4,5). Both uni- and multivariate
analyses demonstrated that age and N-classification are
the significant prognostic factor for predicting OS while
Dmax, T and N-classification and AJCC-classification
are the significant prognostic factor for predicting OS in
univariate analyses. However, local or regional recurrence
was not affected by any studied prognostic factor
including Dmax, T-classification, AJCC-classification and
chemotherapy:.

Discussion

Radiation therapy is the mainstay treatment modality of
non-metastatic NPC. Radiation therapy with or without
chemotherapy for definitive treatment of NPC has
produced an OS, local control, and regional rates of about
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Figure 1 Three-year of survival curve of (A) overall survival (OS), (B) local failure-free rate (L-FFR), (C) distant failure-free rate (D-FFR),

and (D) disease free survival (DFS).

80%, 85%, and 90%, respectively (5,18,19). Nasopharynx
has a rich lymphatic network and clinical evident cervical
lymph adenopathy is seen in about 85% of the patients
with nasopharyngeal cancer (20,21). Cervical lymph
node status has always been an important therapeutic
and prognostic factor in clinical staging. The influence
of lymph node on prognosis includes size, location,
unilateral and bilateral neck and lymph node capsule
involvement and treatment scheme. In our study, local
or regional recurrence was not affected by the maximum
diameter of lymph node (P=0.542). The results suggested
that multivariate analyses demonstrated the maximum
diameter of lymph nodes had no significant effect on
the prognosis. However, the prognosis of the maximum
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diameter of cervical lymph nodes before treatment has
always been controversial (10-12). In a retrospective study
by Gao (11), early nasopharyngeal cancer with unilateral
neck lymph node metastasis, and the maximum diameter
<6 cm receiving radiotherapy alone was selected. The
results of this study showed that the maximum diameter
of lymph nodes had no significant effect on the prognosis.
It is possible that the intensity modulated radiotherapy
significantly increased the local control rate, particularly
combined with chemotherapy and the patients who failed
in the initial treatment had better rescue measures, which
significantly improved the prognosis of patients. Liao’s
study suggested that the maximum diameter of cervical
lymph nodes was related to the prognosis (22). But in
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Figure 2 Three-year of survival curve of (A) overall survival (OS), (B) local failure-free rate (L-FFR), (C) distant failure-free rate (D-FFR),

and (D) disease free survival (DFS) for Dmax.

that study, the measurement of the maximum diameter of
lymph nodes was collected on axial imaging. For cervical
lymph nodes with fusion, the maximum diameter may
not be measured on axial but coronal. However, the
fused lymph nodes are considered to have extrapsular
invasion in clinical practice, which may also explain that
the involvement of lymph node capsule has no significant
influence on the prognosis in that study. In addition,
when cervical lymph nodes exceed 6 cm, they are often
classified as N3 in staging, which is closely related to the
prognosis of patients, especially distant metastasis. In our
study the Dmax is not the significant prognostic factor
for predicting distant failure-free survival in multivariate

© Translational Cancer Research. All rights reserved.

analyses, but the P value is 0.051, which is close to 0.05.
Due to the low proportion of patients with cervical
lymph nodes exceeding 6 cm in our group, the number of
regional failures N3 cases was too small (only 6 cases) to
allow meaningful analysis.

The treatment failure patterns in this group were still
the distant metastasis, followed by the local regional failure.
The available clinical data suggested that patients with
local-regional NPC could be treated with radiotherapy
and induction chemotherapy as first line scheme to
further improve the efficacy (23-25). Due to this ability of
induction chemotherapy in the comprehensive treatment

of local-regional advanced NPC, lymph nodes often shrink
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Table 4 Univariate analysis
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0os D-FFR L-FFR DFS
Factor
OS (%) P value D-FFR (%) P value L-FFR (%) P value DFS (%) P value
Age (year)
<60 90.6 <0.001 80.1 0.202 91.8 0.004 71.2 0.001
>60 24.9 64.5 751 35.1
Dmax
<3 78.7 <0.001 84.7 <0.001 90.9 0.394 71.6 0.003
3-6 81.3 68.3 80.3 53.3
>6 50.0 33.3 100.0 33.3
T-classification
1 90.9 0.048 90.9 0.501 100.0 0.075 80.0 0.038
2 90.6 84.7 95.8 78.6
3 86.8 78.9 89.8 66.9
4 47.8 60.6 76.0 411
N-classification
0 80.0 0.036 75.0 0.035 83.3 0.765 62.5 0.007
1 80.0 91.7 83.4 77.9
2 81.8 74.9 91.5 62.4
3 68.7 71.9 89.0 51.0
AJCC
1] 91.7 0.001 85.3 0.016 91.9 0.119 74.8 0.004
IVA 55.4 67.0 83.2 49.5
Scheme
RT alone 62.5 0.140 100.0 0.198 66.7 0.031 51.4 0.598
Combined chemotherapy 78.8 76.4 89.7 64.6

OS, overall survival; D-FFR, distant failure-free rate; L-FFR, local failure-free rate; DFS, disease free survival.

significantly after induction chemotherapy. The effect of
the maximum diameter of cervical lymph nodes before and
after chemotherapy on the prognosis of patients should be
further explored.

Although a cohort and non-selected patients were
included in the current study, the retrospective nature of
this analysis certainly serves pitfalls of this study. Although
most local advanced patients received chemotherapy, it
was not protocolized and was used at discretion of the
attending physician. However, multivariate analyses

© Translational Cancer Research. All rights reserved.

showed that chemotherapy was not a significant prognostic
factor for predicting OS, D-FFR, DFS and L-FFR in this
analysis.

Conclusions

In conclusion, in this retrospective study, we found that
Dmax of cervical metastatic lymph nodes was not a
prognostic factor in patients with local-regional advanced
NPC treated with intensity modified radiotherapy.
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Table 5 Multivariate analysis
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Factor B SE Sig. Exp(B) 95.0% Exp(B) Cl
0s
Age (year) 1.885 0.466 0.001 6.583 2.643-16.400
T-classification 0.371 0.345 0.282 1.450 0.737-2.850
N-classification 0.868 0.392 0.027 2.383 1.104-5.141
AJCC stage 0.630 0.683 0.356 1.879 0.492-7.166
Dmax -0.309 0.505 0.542 0.735 0.273-1.978
D-FFR
N-classification 0.282 0.333 0.398 1.325 0.690-2.546
AJCC stage 0.530 0.496 0.285 1.699 0.642-4.497
Dmax 0.884 0.452 0.051 2.422 0.998-5.877
L-FFR
T-classification 0.794 0.412 0.054 2.211 0.987-4.955
Scheme -0.785 0.690 0.255 0.456 0.118-1.763
Age (year) 1.000 0.579 0.084 2.720 0.875-8.452
DFS
Age (year) 1.003 0.352 0.004 2.726 1.368-5.433
T-classification 0.593 0.297 0.046 1.810 1.010-3.241
N-classification 0.647 0.305 0.034 1.909 1.050-3.470
AJCC stage -0.102 0.502 0.839 0.903 0.337-2.416
Dmax 0.318 0.376 0.397 1.375 0.658-2.874

OS, overall survival; D-FFR, distant failure-free rate; L-FFR, local failure-free rate; DFS, disease free survival.
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