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Objective: This study evaluated the potential benefit of

a split-parotid delineation approach on the parotid gland

in the treatment planning of patients with nasopharyn-

geal carcinoma (NPC).

Methods: 50 patients with NPC with parapharyngeal

space (PPS) and/or level IIa cervical node involvements

were divided into three groups: PPS only, level IIa cervical

node only and both. Two volumetric-modulated arc

therapy plans were computed. The first plan (control)

was generated based on the routine treatment-planning

protocol, while the second plan (test) was computed with

the split-parotid delineation approach, in which a line

through the anterolateral margin of the retromandibular

vein was created that divided the parotid gland into

anterolateral and posteromedial subsegments. For the

test plan, the anterolateral subsegment was prescribed,

with a dose constraint of 25Gy in the plan optimization.

Dosimetric data of the parotid gland, target volumes and

selected organs at risk (OARs) were compared between

the control and test plans.

Results: The mean dose to the anterolateral subsegment

of the parotid gland in all three groups was kept below

25Gy. The test plan demonstrated significantly lower

mean parotid dose than the control plan in the entire

gland and the anterolateral subsegment in all three

groups. The difference was the greatest in Group 3.

Conclusion: The split-parotid delineation approach sig-

nificantly lowered the mean dose to the anterolateral

subsegment and overall gland without greatly compro-

mising the doses to target volumes and other OARs. The

effect was more obvious for both PPS and level IIa

cervical node involvements than for either of them alone.

Advances in knowledge: It is the first article based on the

assumption that parotid gland stem cells are situated at

the anterolateral segment of the gland, and applied the

split-parotid delineation approach to the parotid gland in

the treatment planning of patients with NPCwith PPS and

level IIa cervical node involvements, so that the function

of the post-radiotherapy parotid gland might be better

preserved.

INTRODUCTION
In external beam radiotherapy of patients with nasopha-
ryngeal carcinoma (NPC), the parotid gland often receives
a high radiation dose owing to its relatively close proximity
to the tumour, especially for patients with parapharygneal
space (PPS) or upper cervical node involvements. Because
of this, long-term complications such as xerostomia, sore
throat, altered taste, dental decay, changes in voice quality,
impaired chewing and swallowing have been reported.1–4

With the introduction of more advanced radiotherapy
techniques such as intensity-modulated radiotherapy
and volumetric arc therapy in the past two decades, the
dose to the parotid glands can be reduced compared with

conventional techniques, resulting in a lower incidence of
severe xerostomia and better post-treatment life quality.5–7

However, total sparing of the parotid gland is still not
possible even with these techniques; about 40% of patients
with NPC were still reported to have moderate or severe
xerostomia after treatment.8

Most patients with NPC present with moderate-to-
advanced stage disease at initial diagnosis, with the tu-
mour usually extending outside the nasopharyngeal region.
Over 60% of them involve the PPS9 and/or level IIa cervical
lymph nodes,10 which are in close proximity to the
deep lobe of the parotid gland. Therefore, it is likely that
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relatively high doses would be delivered to the parotid in ra-
diotherapy. Deasy et al11 reported that severe radiation-induced
xerostomia could be avoided if both entire parotid glands were
kept to a mean dose of below 25Gy, which poses a challenge
to the dosimetrists for computing treatment plans for these
patients.

Recently, it has been reported that the recovery of a salivary
gland injury after radiation therapy was dependent on the ra-
diation dose and amount of residual dynamic stem cell in the
salivary gland pre-clinically.12 Therefore, the reduction of dose
in parotid gland stem cells might promote its recovery in
patients. Pre-clinical studies on mice revealed that restricting the
dose to this region of the gland produced more rapid recovery of
gland function after irradiation.13,14 Since with reference to the
mice model, the stem cells of the salivary gland were detected
at the main excretory ducts,15,16 which are mainly located at
the anterolateral subsegment of the parotid gland,17 in order
to better protect the stem cells in the parotid gland during ra-
diotherapy, a “split-parotid delineation” approach would be
useful in which an imaginary line is drawn through the
anterolateral margin of the retromandibular vein, which
divides the parotid gland into the anterolateral and poster-
omedial subsegments (Figure 1). By applying a more stringent
dose constraint to the anterolateral subsegment, which is where
the stem cells are mainly located, there might be a better chance
to preserve the function of the parotid gland.

The aim of this study was to evaluate the dosimetric impact of
applying the split-parotid delineation method in volumetric-
modulated radiotherapy (VMAT) of patients with NPC with
PPS and/or level IIa cervical node involvements and how it

might reduce the risk of xerostomia in patients by better sparing
the putative stem cell niche in the parotid gland.

METHODS AND MATERIALS
50 newly diagnosed patients with NPC treated with VMAT be-
tween February 2012 and June 2014 were recruited from the
Cancer Hospital, Shantou University Medical College. The pa-
tient characteristics are shown in Table 1. They were divided into
three groups according to the location of the tumour extension.
Group 1 consisted of patients with level IIa cervical lymph node
metastases only (n5 15); Group 2 was patients with unilateral
PPS invasion only (n5 15); and Group 3 consisted of patients
who had both unilateral PPS and level IIa cervical lymph node
involvements (n5 20).

All patients underwent planning CT scan in a supine treatment
position and were immobilized with custom thermoplastic im-
mobilization devices. The scan covered from the vertex to the
upper mediastinum with a slice thickness of 3mm. A VMAT
plan was computed for each patient with the Eclipse treatment-
planning system (Varian® Medical Systems, Palo Alto, CA) with
6MV using a TrueBeam linear accelerator (Varian Medical

Figure 1. A transverse CT image showing the parotid gland

contours being split into anterolateral and posteromedial

subsegments. It is expected that most stem cells will be

located at the anterolateral subsegment of the parotid gland.

Table 1. Clinical characteristic of the patients with
nasopharyngeal carcinoma in different patient groups

Characteristic
Group 1
(n 515)

Group 2
(n 5 15)

Group 3
(n 5 20)

Sex

Male 11 (73.33%) 9 (60.00%) 12 (60.00%)

Female 4 (26.67%) 6 (40.00%) 8 (40.00%)

Age (years)

,60 10 (66.67%) 11 (73.33%) 14 (70.00%)

$60 5 (33.33%) 4 (26.67%) 6 (30.00%)

T stage

T1 5 (33.33%) 0 (0%) 0 (0%)

T2 8 (53.33%) 4 (26.67%) 5 (25.00%)

T3 2 (13.34%) 7 (46.66%) 10 (50.00%)

T4 0 (0%) 4 (26.67%) 5 (25.00%)

N stage

N0 0 (0%) 1 (6.67%) 0 (0%)

N1 5 (33.33%) 6 (40.00%) 1 (5.00%)

N2 10 (66.67%) 8 (53.33%) 14 (70.00%)

N3 0 (0%) 0 (0%) 5 (25.00%)

Clinical stage

I 0 (0%) 0 (0%) 0 (0%)

II 4 (26.67%) 2 (13.33%) 0 (0%)

III 11 (73.33%) 9 (60.00%) 10 (50.00%)

IVa 0 (0%) 4 (26.67%) 5 (25.00%)

IVb 0 (0%) 0 (0%) 5 (25.00%)
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Systems). The target volumes were delineated according to the
International Commission on Radiation Units and Measure-
ments reports 50 and 62 guidelines.18,19 Image registration with
MRI of the patient was performed to provide a delineation
reference for the targets. Gross tumour volume was defined as
the gross extent of the tumour shown by CT/MRI images, and
this included the gross tumour at nasopharynx (GTVnx) and
regional lymph nodes (GTVnd). Planning target volume at na-
sopharynx (PTVnx) and lymph node (PTVnd) were generated
by adding 5–10mm to the GTVnx and GTVnd, respectively. In
addition, the high-risk regions outside the PTVnx and PTVnd
that included the entire nasopharyngeal mucosa plus 5mm into
the submucosal, and the high-risk lymphatic drainage area was
delineated as clinical target volume 1 (CTV1). By adding a 5-
mm margin to the CTV1, the planning target volume 1 (PTV1)
was created. In this study, only the parotid gland that was sit-
uated at the same side (ipsilateral side) of the PPS and/or level II
nodes were evaluated in detail. The organs at risk (OARs), apart
from the ipsilateral parotid gland, including the contralateral
parotid gland, spinal cord, brain stem, ipsilateral temporo-
mandibular joint, oral cavity, thyroid and larynx, were also
contoured. The prescriptions for all patients were to give 70Gy
to PTVnx; 66Gy to PTVnd; and 60Gy to PTV1 in 30 fractions
using a simultaneous integrated boost. For each VMAT plan, the
collimator rotation was set at 30° and two coplanar arcs were
delivered in opposite gantry rotation directions (clockwise and
anticlockwise). All patients were treated with a 6-MV photon
using TrueBeam linear accelerator (Varian Medical System). The
planning objectives for the target volumes and OARs were set
with reference to Radiation Therapy Oncology Group 0615
recommendations (Table 2). The treatment plan generated was

labelled as the “control plan”, in which the parotid gland was
contoured as a single OAR to which the routine dose constraint
was applied. A second plan, named the “test plan” in this study,
was then computed for each patient using the same set of CT
data and contoured structures. In this plan, a line through the
anterolateral margin of the retromandibular vein was created
that divided the parotid gland into the anterolateral and post-
eromedial subsegments (Figure 1). A mean dose constraint of
25Gy was applied to the anterolateral subsegment before the
optimization, with the same dose requirements for the target
volumes and other OARs as the control plan.

The dosimetric data of each treatment plan were collected and
recorded through the generation of dose–volume histograms. The
evaluated dose parameters for the parotid gland were V15, V20, V25,
V30 and V35 (volume of organ receiving 15, 20, 25, 30 and 35Gy,
respectively) and Dmean (mean dose). For the PTV1, the Dmax

(maximum dose), Dmean, conformity index (CI) and homogeneity
index (HI) were included as the assessment parameters. CI
was calculated using the equation: CI5 (PTVref4VPTV)3
(PTVref4Vref),20 where PTVref represents the volume receiving
the prescribed dose in the target volume; VPTV was the volume of
the planning target volume (PTV) and Vref was the volume that
received the prescribed dose. HI was calculated as the difference
between D1 and D99 divided by the prescribed dose,21,22 where D99

and D1 represent the dose received by 99% and 1% of the volume,
respectively. For the OARs, D1 (Dose received by 1% volume of the
organ) was used to evaluate the doses to the brain stem, spinal
cord, optic nerves and lens, and Dmean was used to evaluate the
doses to the pituitary, ipsilateral temporomandibular joints, con-
tralateral parotid glands, oral cavity, thyroid and larynx. Dmax was
used to evaluate the doses to the optic chiasm. A summary of all
the dose parameters for the targets, parotid gland and the various
OARs are listed in Supplementary Table A. For each of the three
patient groups, the mean of each dose parameter was compared
between the control plan and test plan. SPSS® v. 20.0 (IBM Corp.,
New York, NY; formerly SPSS Inc., Chicago, IL) was applied for
statistical analysis. Paired t-test or Wilcoxon test was conducted
depending on the normality of the data to evaluate the differences
between the two types of plans for each patient group.

RESULTS
Dose to the ipsilateral parotid gland
With regard to the entire parotid gland, the mean doses in all
treatment plans were above 36Gy and they increased from
Group 1 to Group 3. The differences of their means were sig-
nificant (analysis of variance, p, 0.001), in which Group 2 was
significantly greater than Group 1 (Tukey’s test, p5 0.004), and
Group 3 was significantly greater than Group 2 (Tukey test,
p5 0.006). All the dose parameters of the test plans were sig-
nificantly lower than that of the control plans in all the three
patient groups (Table 3, Figure 2). The mean doses of the
anterolateral subsegment in all the three groups were all less
than 25Gy, and they also increased from Group 1 to Group 3.
Besides, all the dose parameters of the test plans were signifi-
cantly lower than that of the control plans. For the poster-
omedial subsegment, its mean doses were in general higher than
those in the anterolateral subsegment. Most of the dose
parameters between the control and test plan did not show

Table 2. The optimization objectives of the control and test
plans for patients with nasopharyngeal carcinoma patients

Structures Optimization objectives

PTVnx V100$ 95%, D1# 77Gy

PTVnd V100$ 95%

PTV1 V100$ 95%

Brain stem D1, 60Gy

Spinal cord D1, 45Gy

Optic nerve D1, 50Gy

Optic chiasm Dmax, 54Gy

Lens D1, 10Gy

Pituitary Dmean, 50Gy

Larynx Dmean, 40Gy

TM joint Dmean, 50Gy

Oral cavity Dmean, 40Gy

Parotid gland Dmean, 35Gy

Thyroid gland Dmean, 50Gy

D1, dose received by 1% volume; Dmax, maximum dose; Dmean, mean
dose; PTV1, planning target volume 1; PTVnd, planning target volume of
lymph nodes; PTVnx, planning target volume at nasopharynx; TM,
temporomandibular; V100, percentage of the volume that received
100% of the prescribed dose.
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significant difference, except for the Dmean of Groups 2 and 3
and V25 of Group 1.

Dose to targets and organs at risk
All the targets met the dose requirements set for plan optimi-
zation. For the doses to the PTVs, the dosimetric differences
between the control and test plans were small (,1%), with only
a few differences in Group 1 and 3 reaching statistical signifi-
cance (Table 4). For the doses to the OARs, all of them received

doses within their dose limits. Apart from the contralateral pa-
rotid gland and oral cavity, there was no significant difference
between the control and test plans for the rest of the OARs in all
the three groups (Table 5).

DISCUSSION
The application of the split-organ delineation approach to the
parotid gland in treatment planning had been used in some
previous studies. Chau et al23 had reported splitting the organs

Figure 2. Comparison of dose–volume histograms between the control plan and test plan in the three different patient groups (1–3)

for the (a) whole ipsilateral parotid gland, (b) anterolateral subsegment and (c) posteromedial subsegment of the ipsilateral

parotid gland.
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into target-overlapping and non-target-overlapping subseg-
ments in contouring the parotid gland, while Zhang et al24

reported splitting of the parotid glands into superficial and deep
lobes. Shao et al17 studied the influence of a similar parotid-split
delineation approach on patients with NPC with bilateral cer-
vical nodes. Our study employed the split-parotid delineation
method in the VMAT planning of patients with NPC to spare
the stem cells of the parotid gland, which are thought to be
concentrated at the anterolateral segment of the gland. The
uniqueness of this study was that it focused on patients with
NPC with PPS invasion and level IIa cervical lymph node me-
tastases, which were anatomically close to the parotid gland.

By applying the split-parotid delineation approach and with
a more stringent dose constraint to the anterolateral sub-
segment, our study demonstrated that this could lower the
mean dose of the parotid gland and limit the mean dose of the
anterolateral subsegment below 25Gy without greatly compro-
mising the doses to the target volumes and OARs. The dosi-
metric effect is illustrated in Figure 3, in which the 25Gy isodose
curve was pushed away from the anterolateral subsegment of
the parotid gland in the test plan. Comparatively, the impact on
PTV dose was the greatest in Group 3 than in the other two
groups, where the Dmean, Dmax and HI of this group showed
significant differences. The explanation for this was because the
PTVs in Group 3 with both PPS and level IIa nodal involve-
ments were expected to be larger and closer to the parotid
gland. The magnitude of dose reduction in the PTV would then
be relatively more obvious when the dose to the anterolateral
subsegment is reduced by applying the dose constraint. For the
OARs, the doses to the oral cavity showed difference between
the control and test plans. This could be owing to the fact that
the oral cavity was the OAR that was located close to the parotid
gland, and it was more affected by the change in the parotid
dose. Nevertheless, the absolute differences in these parameters
in both PTV and OARs were small; it was expected that they
would not have significant clinical impact on the patients. For
the contralateral parotid gland, since similar dose constraint as
for the ipsilateral gland was applied in the test plan, its mean
dose was lower than that of the control plan, although the
differences were not as great as the ipsilateral side.

In addition, the mean dose of the anterolateral subsegment of
the parotid gland demonstrated a significant increase from
Group 1 to Group 3. This indicated that the influence of PPS
invasion was greater than that of the level IIa cervical node
involvement, whereas when both PPS invasion and level IIa
cervical node involvement existed together, the dose impact to
the anterolateral subsegment was the greatest.

At present, there is little knowledge about the dose limit of the
stem cell in the parotid gland; it was logical to take the mean
dose of 25Gy suggested by Deasy et al11 as the reference in this
study because it has been the most conservative dose limit for
the parotid gland of all previous related studies. The success in
keeping the anterolateral subsegment below this dose level
would be expected to help preserve the parotid gland function
and reduce the risk of xerostomia, because this is the location
where most of the parotid gland stem cells are thought to beT
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located. This effect was relatively more obvious in Group 3 than
in Group 1, indicating that this split-parotid delineation ap-
proach offered greater benefit for patients with both PPS and
level IIa cervical node involvements. It was because for patients
in Group 3, the PTVs were more close to the parotid gland that
caused a relatively higher mean dose to the anterolateral region
of the gland in the control plan. Therefore, a greater dose re-
duction would be observed for this group when the dose of this
subsegment is pushed below 25Gy in the test plan. On the other
hand, it was logical to see such dose difference effect did not exist in
the posteromedial subsegment for all the three groups because no
stringent dose constraint was applied to this region. With the
positive results obtained from this study, it was expected that the
application of this split-parotid delineation approach could be ex-
tended to other head and neck cases with the irradiation fields
involving the parotid gland, so that the function of the gland could

be better preserved after radiotherapy. However, clinical validations
of this planning approach followed by larger scale randomized
clinical studies are required to evaluate the clinical outcomes.

CONCLUSION
The split-parotid delineation approach significantly lowered the
mean dose to the anterolateral subsegment of the parotid gland
and the overall gland in the VMAT of patients with NPC with
PPS and/or level IIa cervical node involvements, without greatly
compromising the doses to the target volumes and OARs. The
effect was more obvious for both PPS and level IIa cervical node
involvements (Group 3) than for either of them alone (groups 1
and 2). It was expected that such an approach could be extended
to other head and neck cancers when irradiation fields involve
the parotid gland so as to achieve better preservation of the
gland function after radiotherapy.
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