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Background: To quantify the geometrical changes of each neck nodal level (NNL) and estimate
the geometric planning target volume (PTV) margin during image-guided radiotherapy (IGRT) for
nasopharyngeal cancer (NPC).

Methods: Twenty patients with locally advanced NPC underwent one planning computed tomography
(CT,w) and 6 weekly repeat CT (CT,
to the CT,,,. All the NNLs were manually delineated in each transverse CT section. When comparing

) scans during chemoradiotherapy. Each CT,,, was rigidly registered

ep.

the NNL in CT,,, with CT,,, their volumes, displacement of the center of the mass, and the shortest
perpendicular distance (SPD) were automatically calculated. This was followed by calculation of the
systematic and random errors, overlapping index (OI), and dice similarity coefficient (DSC). With PTVs
isotropically expanded from NNL by 1, 2, 3, 4, and 5 mm, they were compared with NNL itself; OI >0.95
was defined as the acceptable geometrical coverage. The Mann-Whitney test was used for statistical analysis.
Results: All volumes, OI, and DSC of the NNLs (not including level IA) showed a linear decrease over time
throughout the treatment course. The volume of NNLs decreased by 1-6% in the first week and 10-21% in
the sixth week. The mean SPD was 1.3-1.7 and 1.9-3.5 mm in the first and sixth week respectively. The DSCs
for nodal level IB, II, III, and IV were >0.7 and that of level V was <0.7 throughout the treatment course. For
level TA and VI, DSC was <0.7 after the 2nd week. To maintain the OI >0.95, 2-5 mm was needed to expand
the different NNLs.

Conclusions: The geometrical changes of each NNL are substantial and the necessary margin of 2-5 mm
depended on individual NNL is needed to maintain geometrical coverage throughout the course of IGRT
for NPC.
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Introduction

Radiation therapy (RT) is the primary treatment modality
for nasopharyngeal cancer (NPC) (1). Owing to tumor and
nodal volume shrinkage and weight loss (2), the geometry
of the tumor (3-6), lymph nodes (LNs) in the neck (4), and
the organs at risk (OAR) such as the parotid glands (5,7)
undergo substantial change during a typical 5-7-week-long
treatment course. The adaptive modification according
to anatomical changes is one of the possible solutions to
minimize geometrical uncertainties (2,8).

More than 80% of NPC patients had involvement of neck
LNs (9), and irradiation to the neck nodal levels (NNLs) is
necessary to eradicate the macroscopic neck LNs and reduce
the risk of recurrence in each NNL (10). Gregoire et al.
(11-13) definitively defined the NNLs based-on computed
tomography (CT), and each NNL can be clearly contoured
in axial CT images. However, from the upper to lower
neck, both the anatomical structures and the probability
of metastatic disease are significantly different (9).
During chemoradiotherapy, the geometrical changes of the
whole neck might not be homogenous. With image-guided
RT, the head and cranial neck could be well matched (14),
yet the caudal neck and shoulder usually do not match very
well due to the anatomical deformations (14) and generous
set-up uncertainties (15-17). The NNL is covered from
the cranial to caudal neck and the supraclavicular region.
Moreover, the geometrical variations are substantial
and require an individualized margin to maintain the
geometrical and dose coverage throughout treatment. The
aim of this study was to determine the volume, position, and
shape variations of each NNL, for locally advanced NPC.
Moreover, we aimed to estimate the individual margin of
each NNL to maintain acceptable geometrical coverage
during the course of chemo-radiotherapy, which will be
useful for adaptive RT for head and neck cancer.

Methods
Imaging data and treatment

Twenty consecutive patients (15 men, 5 women) with locally
advanced NPC were included in this cohort study, approved
by the ethical committee of Hubei Cancer Hospital; all
patients provided written informed consent. CT was
performed as reported previously (4,18). Thirteen patients
received concurrent chemoradiation and 7 with induction
chemotherapy and concurrent chemoradiotherapy (4).
Briefly, each patient underwent an enhanced planning CT
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(CT,,0) scan and six weekly repeated CT (CT,,) scans (at
the 5, 10™, 15" 20™, 25™ and 30™ radiation fractions)
without contrast during chemotherapy and intensity-
modulated radiotherapy (IMRT) (4). After registering the
images and defining the target volume and OARs, an inverse
IMRT dynamic plan with the individualized prescribed
dose was delivered to the primary tumor and positive neck
LNs of the planning target volume (PTV) (4). In brief,
the prescribed dose to primary tumor and positive neck
LNs, the high-risk elective NNLs were 69.3-72.6 Gy and
59.4-62.7 Gy in 33 fractions and 50.4 Gy in 28 fractions
to the low-risk NNLs (4). This study was designed only to
document and calculate the geometrical changes of NNLs
and the actual planning target delivered was not changed.

Imaging registration and delineation of NNLs

The software program (WRLDMATC) (4,19) was used
for CT image registration and NNLs delineation. A rigid
registration was performed based on bone match, in which
the match box is large enough to cover the whole possible
PTV (as is our routine practice between each CT,, and its
CT,,)- Then all NNLs were delineated at each transverse
CT section by a single radiation oncologist (W Tan)
devoted to head and neck cancer, according to the criteria
by Gregoire er al. (11,12). The rigid registration criteria
enabled all seven CT images to share the same coordinate
system and could be used for NNLs delineation and
geometrical change analyses.

Metrics of geometric changes

The geometric changes of NNLs were estimated by volume
loss, positional displacement, and shape deformation. The
same NNL in the CT,, and the CT,,,
the CT,,,, (plan) and CT,, (repeat) and the overlapping
volume (planNrepeat) were automatically calculated. For
each NNL, all the parameters in the CT,,, were set as the

baseline and those in the CT,

rep

the volume in

were used to quantify the
geometrical changes.

The spatial displacement of the center of mass (COM),
calculated automatically by the research software, was used
to estimate the NNL displacement during the course of
treatment. The COM displacement included the mean shift,
systematic error, and random errors in the left-right (LR),
anterior-posterior (AP), and cranial-caudal (CC) directions.
The population group mean is defined as the average NNL
displacement. The systematic error is calculated as the
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standard deviation (SD) of the mean and random errors, as
well as the three-dimensional vector displacements (3D-Dis)
determined as the vector of the displacement distances in
the LR, AP, and CC directions (4,20). This can be used for
evaluating the volume displacement in space (21) and the
margin adequacy (22).

Both the overlap measures and surface-based distance
analysis, as well as the shape estimation (23), were used
as the evaluation parameters for contour variability (21).
For the overlapping measures, overlapping index (OI) and
dice similarity coefficient (DSC) were used to estimate
the concordance between two NNLs in this study. OI was

plan N repeat 2a (plan N repeat)

and DSC as

plan plan + repeat
OI was used to estimate the ratio of NNL volume in
CT,,, overlapped by that in CT,,. Both OI and DSC

rep
were between 0 and 1, and higher values indicate good

calculated as

overlap. Because of the high false impression of high
agreement (21,24), both OI and DSC might provide more
complementary information to estimate the NNL overlap
during the treatment course.

Contour surface-based analysis could aid in the
visualization of areas of disagreement and could be valuable
for estimating the contour variability of inter-observer
and in multi-images (21,23). The shortest perpendicular
distance (SPD) (19) could be used to estimate the accuracy
of delineation and contour variability. SPD was computed
from two delineated NNL surfaces in CT,,,, and CT,,.
In each point of the NNL surface in the CT,,, along its
perpendicular direction, another close point in CT,,, could
be calculated automatically and the distance between these
two points was defined as SPD (18,19). The mean and SD

for SPD were used to present the surface variability.

plan

Margin for NNLs

For each NNL, to estimate the expanded PTV margin,
the isotropic margins with 1, 2, 3, 4, and 5 mm around the
NNL in the CT,, were expanded outward to establish
the PTV . PTV o was compared with NNL in each
repeat CT and then OI could be calculated. The lower
limit of the 90% confidence interval was higher than 0.95
and was arbitrarily defined as the acceptable geometrical
coverage (18,22).

Statistical analysis

One-way analyses of variance and chi-square tests were used
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to compare volume, DSC, and mean SPD across weeks. For
all statistical tests, two-tailed and a 5% significance level
were used when establishing statistical significance. The
Statistical Package for Social Sciences (SPSS version 20.0;

IBM Corporation, Armonk, NY, USA) was used for all
analyses.

Results

Distribution of LNs in NNLs and the radiation dose
delivered

In this study, the LNs with the minimal diameter longer
than 1.0 cm were arbitrarily defined as positive neck LNs.
Totally, 22 and 28 LNs were positive in the left- and right-
sided neck, respectively (Zable I). In the left-sided LNs, 85%
were in level IT and 15% were in level III. In the right-sided
LNs, 95% and 20% were in level II and III, and 5% and
10% were in level IV and 'V, respectively (7able I). There
were no positive LNs in levels IA, IB, and VI on both sides,
and no positive LNs in the left level IV and V. The radiation
dose delivered to each NNL is shown in Table 1.

Volume variations

All the NNLs (not including level TA) showed linear time
trend throughout treatment (Figure 1). In level IA, the
volume reduced by 5.6% at the end of the 1" week and
increased by 0.5-4.3% thereafter. The volume of level IB
reduced by 6.4% after the first week and by 21.2% at the
end of the sixth week. The other NNLs showed smaller
volume reductions. For levels II-IV, the average volume
reduction ranged from 6.1% to 9.9%, as shown in Table 2.

Positional displacement

For all the NNLs, the systematic errors were 0.2-1.0 mm,
0.2-0.6 mm, and 0.2-0.8 mm in the LR, AP, and CC
directions, respectively (1able 3). Generally, levels IB and 11
had smaller systematic error than the other NNLs. Random
error was less than 1.0 mm in all the directions in level IB,
IL, and III. It was larger than 1.0 mm in all the directions in
levels V and VI. Moreover, the three-dimensional vector
displacements were <2.0 mm in levels IB and II, 2.1-3.9 mm in
levels IIT and IV, 3.1-3.6 mm in levels TA and VI, and 5.1 mm
in level V. The displacements in the LR direction had no
significant difference between the left- and right-sided
NNLs (Figure 2).

qims.amegroups.com  Quant Imaging Med Surg 2018;8(7):637-647



640

Tan et al. Geometric changes of NNLs

Table 1 The positive lymph nodes and the radiation dose delivered to the NNLs

Positive lymph nodes*

Radiation dose (mean + SD) (Gy)

Node level

Left Right Left Right
IA* 0 8.75+5.64
1B 0 26.81+£13.67 27.26+11.93
A 11 (55.0%) 12 (60.0%) 67.29+3.52 68.12+4.08
1B 6 (30.0%) 7 (35.0%) 65.33+4.18 67.04+5.62
1] 5 (25.0%) 4 (20.0%) 58.56+7.44 55.92+8.73
\% 0 1(5.0%) 52.39+9.81 51.48+£10.77
\ 0 2 (10.0%) 46.93+12.31 48.09+10.87
VI 0 13.19+9.36

*, the numbers in brackets show the percentage of positive LN distributed in the single-sided neck levels. *, no left and right sided NNL are

available. NNL, neck nodal level; SD, standard deviation.
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Figure 1 The volume changes of the neck nodal levels during
chemoradiotherapy. NNL, neck nodal level.

Shape changes
Both the OI and DSC showed decreasing time trends as

increasing radiation fractions were delivered. For levels
IB, 1II, and III, OI could be maintained higher than 0.7
throughout the treatment course, yet for levels IA, V, and
VI, it was <0.7 after the 2" week (Tible 4). DSC had a similar
time trend to OI. However, DSC in level V was lower than
0.7 throughout the treatment course. SPD standard deviation
showed increasing time trends (Zzble 4). The mean SPD for
all NNLs, except level V, ranged from 1.7 to 2.1 mm and that
of level V was 3.1+1.4 mm. Moreover, the SPD in level IA-
IV was 2.2-2.8 mm and those in level V and VI were 3.8+1.4
and 3.2+1.2 mm, respectively.

Expanded margins

For all NNLs, to maintain acceptable coverage during the
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whole treatment course, the OI of the PTV \ and NNL
in CT,, should be higher than 90% throughout treatment.
For NNL IB, IT and III, the minimal margin needed was
2 mm. For NNL IV, it was 3 mm, for NNL V and VI the
margin needed was 4 mm, and for NNL IA and, it was
5 mm due to the generous position variations of the jaw

(Figure 3).

Discussion

In this case-cohort study, 20 patients with NPC had 140
CT scans throughout IMRT course. By mimicking weekly
image-guided radiotherapy (IGRT), we quantitatively
analyzed the geometrical change of each NNL. For
most NNLs, the volume and shape changes had linear
time trends. The 3D vector displacement of all NNLs
was 1.5-5.1 mm. To maintain an acceptable geometrical
coverage, each NNL should have an individualized margin
of 2-5 mm. These findings might be useful for the further
optimization of radiation therapy for NPC.

Geometrical change

Several studies (3,4,25) quantified the volume and/or
positional changes of the primary tumor and metastatic neck
LNs in patients with head and neck squamous cell cancer and
suggested that the volume of tumors and targets decreased
and their positions were displaced considerably. For head
and neck cancer, the volume reduction of middle-low risk
clinical target volumes including most NNLs was 7.1-
10.7% and the radiation dose increased substantially (26).
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Table 2 The volume reduction of the neck nodal levels (mean = SD, %)

Node level 1% week 2" week 3" week 4" week 5" week 6" week Mean
1A -5.6+18.3 2.2+37.3 0.6+34.9 4.3+33.5 0.5+38.8 4.1+35.6 1.0+£33.2
1B -6.4+6.1 -10.4+£7.1 -13.8+7.3 -18.0+£8.3 -20.5+9.9 -21.2+9.3 -15.1+9.7
I -3.7+5.8 -5.4+6.6 -9.1+7.5 -12.0+8.2 -14.3+8.0 -15.0+8.6 -9.9+8.6
I} -3.4+7.4 -4.5+8.6 -7.0£9.2 -8.8+9.8 -10.3+£9.9 -11.1+10.3 -7.5+9.6
\% -3.2+8.6 -5.4+10.0 -5.4+10.0 -5.2+11.9 -7.8+11.5 -9.5+10.7 -6.1+10.5
V -5.1+19.2 -6.3+18.0 -7.6+12.9 -11.2+20.2 -11.5+22.3 -13.5+15.4 -9.2+18.3
\ -1.2+5.7 -6.0+13.2 —7.7+13.7 -7.3+13.9 -8.3+12.5 -13.2+19.3 -7.3+13.8

SD, standard deviation.

Table 3 The systematic, random error and 3-dimensional vector
displacement of neck nodal level’s COM (mean + SD) (mm)

I’:s:le Direction Sys::gratic Raer::)(?m 3D vector*

1A LR 0.2 0.5 3.1+2.3 (0.8-6.5)
AP 0.6 0.8
CC 0.8 1.5

B LR 0.2 0.4 1.5+0.6 (0.7-2.6)
AP 0.3 0.5
CC 0.2 0.5

Il LR 0.5 0.9 1.7+0.6 (0.6-2.9)
AP 0.2 0.5
CC 0.2 0.5

11l LR 0.5 0.9 2.1+0.9 (1.0-3.3)
AP 0.3 0.4
CC 0.4 0.8

v LR 0.6 1.2 2.9+1.5 (1.3-5.9)
AP 0.3 0.4
CC 0.7 1.4

\Y LR 1.0 24 5.1+2.0 (2.3-7.6)
AP 0.6 1.1
CC 0.7 1.7

VI LR 0.7 1.1 3.6+1.5 (1.9-6.1)
AP 0.6 1.1
CC 0.8 1.5

A negative number means a shift to the right, caudal, and
posterior in the left-right, cranial-caudal, and anterior-posterior
directions, respectively. *, the 95% confidence intervals are shown
in the brackets. COM, center of mass; 3D, three dimension; LR,
left-right; AP, anterior-posterior; CC, cranial-caudal.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

However, the volume changes of level I, did not show the
time-trend as the others did, which this discrepancy might
be partially attributed to the variable positions of the jaw in
each repeat CT scanning.

In this study, the average volume reduction for level II-
VI was 6.1-9.9%. Studies by Tan ez 4l. (18) and Hamming-
Vrieze er al. (6) showed that the tumor shape estimated by
the tumor surface distance changed significantly and the
mean SPD was 2.2-4.6 mm (6,18). In the present study, the
surface distance was 1.7-3.1 mm for all NNLs. Anatomically,
the body surface in the head and neck changes substantially
from the upper to the lower neck. During RT for head
and neck cancer, the brain, neck, and shoulders are usually
immobilized with a 5-point mask and three lasers are used
to maintain reproducibility. Therefore, it is reasonable that
the daily position, especially for the sub-regions with large
anatomical variations, did not match well.

Tumor shape variability depended on sub-localization
and tumor volume (6), and the local geometrical
uncertainties were quite different in anatomical sub-regions
during RT for patients with head and neck cancer (27). Of
the anatomical changes, tumor shrinkage did not comprise
the radiation dose to the target volume, which might be
due to the adequate PTV margin. The combination of
replanning and reduced margin strategy for the parotid
gland could provide approximately 30% dose sparing (8).
In this study, the different geometric variability among the
various NNLs suggested that more attention should be paid
to the NNLs deformation, especially for NNL with positive
LNs and even some NNLs such as levels TA, V, and VI.

Individualized Margin for each NNL

During planning and executing RT, many sources of error

qims.amegroups.com  Quant Imaging Med Surg 2018;8(7):637-647
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Figure 2 The three-dimensional vector shift between the left and
right neck nodal levels. *, no neck nodal level was defined in the

left- and right-side. 3D, three-dimensional.

exist, limiting its accuracy. Therefore, a safety margin ensures
that the planned dose is actually delivered to the target
volume for almost all patients (22). IMRT is essentially
preferred for NPC with better local control and survival, with
reduced toxicity, and the PTV was based on the clinical target
volume plus a 3-5 mm additional margin (28). However,
in image-guided RT with weekly cone-beam CT, the PTV
margin could be individualized by 1.3-3.0 mm in three
directions (29). All these recommendations usually consider
the locoregional tumors and all the elective NNLs as an
entirety, while ignoring the large anatomical deformation
in the head and neck as well as the considerable geometrical
changes throughout the treatment course.

For head and neck cancer, substantial anatomical changes,
position, and shape variability of the tumor might result from
tumor regression and weight loss, which resulted in various
geometrical and setup uncertainties (3,18). By limiting
these uncertainties, the margin could be safely reduced,
which might enable a better dose distribution in target and
normal tissues and the improved clinical outcome (17).
In our study, it seemed that a smaller margin could be safely
used in levels IB, II, and III and that levels IA, VI, and V
should have more generous margins even if the weekly
image guided setup is correct. The larger geometrical
variations in levels IB and II might be owing to the
substantial shrinkage of the submandibular gland in these
levels and that level II had a higher ratio of the positive LNs
that shrunk substantially during treatment (4). Although
levels IB and II have large volumetric reduction, they are
located in the upper neck and could be well immobilized
and matched during RT delivery and need smaller margins
(<3 mm). Level IA needs ~5 mm margin because the jaw
had poor reproducibility, especially in patients with more
weight loss. Level V needs 5 mm margins because of large
neck surface variation and larger inter-fractional motion

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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of the shoulders (16,17). Although level VI had a small
volumetric reduction, it needed a more generous margin
because of substantial deformation in the anterior part of
the neck, which probably resulted from the re-distribution
of subcutaneous fat and thyroid shrinkage. Moreover, for
a single NNL, the margin might be individualized with/
without positive LNs.

The margin could not solely depend on geometrical
uncertainties. Rather, it should consider global patient
setup accuracy, correction strategies, margin design, and
anatomical deformations. In head and neck cancer patients
with offline correction, the local setup variations were proven
to exceed residual global patient setup uncertainty (27). In
this study, the local anisotropic margins of each NNL were
required, and for all NNLs, the clinically applied isotropic
margin of 3-5 mm may be enough to correct the anatomical
deformation during RT. However, if the daily set-up and
target delineation are taken into account, the recommended
margin seemed inadequate.

Adaptive re-planning

During treatment, changes in the tumors and normal
structures (3,4) might result in the substantial dosimetric
distribution differences between the planning and delivered
doses (8). Through online or off-line interventions at
different times, adaptive radiation therapy (ART) is
used to correct for temporal morphological changes in a
patient’s anatomy during IMRT (2,30). Replanning during
treatment might be one feasible method (2). However, the
optimal timing and the definition of volumes had little
consensus (26). In previous studies, adaptive correction
was suggested in the early stage of treatment, as it might
be potentially feasible (4,18). Recently, Hamming-Vrieze
et al. (31) suggested that CTV reduction in mid-treatment
could potentially decrease the radiation dose to OAR and
the gross target volume adjustment according to clear
anatomical boundaries might be safe. In our study, all the
NNLs were defined by the spatially determined anatomical
boundaries, and the re-delineation of the NNLs during RT
seemed to not compromise the radiation to the target and

had dose-sparing effects for OAR.

Limitations

In this study, we quantified the geometrical changes of
each NNL during RT for NPC, which might be useful

to estimate the individually expended margin for the

qims.amegroups.com  Quant Imaging Med Surg 2018;8(7):637-647



Quantitative Imaging in Medicine and Surgery, Vol 8, No 7 August 2018 643
Table 4 The OI, DSC, SPD and its SD in neck nodal levels (mean + SD)

Nodal level 1% week 2" week 3" week 4" week 5" week 6" week Mean

Ol
1A 0.78+0.20 0.74+0.23 0.68+0.22 0.65+0.22 0.64+0.23 0.62+0.26 0.68+0.23
1B 0.84+0.09 0.83+0.07 0.83+0.06 0.78+0.09 0.76+0.08 0.74+0.11 0.80+0.09
Il 0.83+0.08 0.82+0.10 0.81+0.11 0.80+0.10 0.80+0.12 0.79+0.11 0.81+0.11
1l 0.83+0.11 0.82+0.11 0.81+0.08 0.77+0.10 0.76+0.10 0.74+0.10 0.79+0.11
I\ 0.80+0.11 0.76+0.14 0.75+0.11 0.73+0.12 0.72+0.13 0.72+0.14 0.75+0.13
V 0.66+0.15 0.66+0.18 0.61+0.14 0.61+0.14 0.61+0.18 0.59+0.18 0.62+0.16
\ 0.74+0.15 0.71+0.11 0.63+0.13 0.61+0.14 0.59+0.13 0.59+0.12 0.65+0.14

DSC
1A 0.78+0.16 0.72+0.17 0.68+0.20 0.64+0.20 0.63+0.21 0.61+0.24 0.67+0.20
B 0.88+0.06 0.88+0.05 0.88+0.05 0.85+0.07 0.83+0.06 0.81+0.08 0.86+0.07
Il 0.87+0.07 0.86+0.09 0.85+0.08 0.84+0.09 0.83+0.12 0.83+0.09 0.85+0.09
1] 0.85+0.10 0.85+0.10 0.82+0.07 0.80+0.11 0.79+0.09 0.79+0.09 0.82+0.09
I\ 0.81+0.09 0.78+0.14 0.76+0.10 0.75+0.12 0.75+0.14 0.72+0.12 0.76+0.12
V 0.69+0.16 0.68+0.14 0.63+0.13 0.62+0.18 0.62+0.16 0.60+0.18 0.63+0.16
\ 0.74+0.14 0.72+0.10 0.65+0.14 0.63+0.14 0.61+0.12 0.61+0.14 0.66+0.14

SPD (mm)
1A 1.3+1.2 1.8+1.3 2.0+1.3 2.2+1.3 2.3+1.5 2.4+15 2.0+1.4
B 1.3+0.7 1.4+0.6 1.5+£0.7 1.8+0.7 2.0+0.9 2.1+0.8 1.7+£0.8
Il 1.4+£0.7 1.5+0.9 1.5+0.9 1.6+0.9 1.9+1.2 1.9+1.1 1.7+£0.9
1] 13+0.8 1.5+0.8 1.5+0.5 1.9+0.7 1.9+1.0 2.1+£0.8 1.7+0.8
I\ 1.7+0.9 1.9+1.1 2.0+0.8 2.2+0.8 2.3+1.2 2.4+1.1 2.1+£1.0
Vv 2.8+1.0 2.9+1.7 2.9+1.3 3.2+1.4 3.5+£0.12 3.5+1.6 3.1+1.4
\ 1.5+0.8 1.7+0.7 2.1+£0.8 2.5+1.0 2.5+1.2 2.6+1.1 2.1+£1.0

SD (mm)
1A 1.8+1.4 2.2+1.5 2.5+1.6 2.7+1.4 2.8+1.6 2.9+1.6 2.5+1.5
B 2.0+0.9 2.0+1.0 2.2+0.9 2.4+0.9 2.6+1.0 2.9+0.9 2.3+1.0
Il 2.0+0.7 2.1+£0.9 2.2+1.0 2.5+0.9 2.6+1.1 2.6+1.0 2.3+1.0
1] 1.8+0.8 1.9+0.9 1.9+0.7 2.4+0.8 2.5+1.0 2.6+0.8 2.2+0.9
I\ 2.4+1.0 2.6+£1.2 2.8+1.0 2.9+1.0 3.0+1.4 3.1£1.2 2.8+1.2
\% 3.5+1.0 3.5+1.3 3.7+1.6 3.8+1.4 4.1+1.6 4.2+1.2 3.8+1.4
\ 2.4+1.1 2.8+1.0 3.2+1.0 3.5+1.2 3.6+1.2 3.7+1.1 3.2+1.2

Ol, overlapping index; DSC, dice similarity coefficient; SPD, the shortest perpendicular distance; SD, standard deviation.
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neck subregions in the planning design and adaptively
correct the anatomical deformation during RT. However,
several limitations of this study should be addressed.
Firstly, the geometrical variations were analyzed but we
did not cover the changes to the radiation dose delivered
to NNLs and the dose distribution differences in RT
with and without adaptive corrections. Secondly, the

repeat CT in this study was to obtain the anatomical
deformation during RT. The CT,,, and CT

ep plan
registered without deformation correction, which is

were

similar to the daily clinical practice seen in image-guided
RT. However, repeat CT image quality might be better
than that currently used in clinics, such as cone-beam CT,
which might mitigate the inaccuracy of registration and
under-estimate the anatomical variations and the required
margin. Thirdly, during RT preparation and execution,
the design of margins should remove all uncertainties,
such as the limited imaging quality, delineation
uncertainty, setup inaccuracy, and organ motion. In this
study, only anatomical variations were included and the
aforementioned factors were not covered. Therefore,
the recommended margins should be larger than that in
our study, as was done previously (27). In addition, the
anisotropic margin might be more reasonable. Lastly,
the updated NNL delineation guideline (13) increases a
few new levels that were not included in our study. And
geometrical variation and margin of the new NNLs might
be extrapolated from the near sub-regions. Despite these
drawbacks, our study remains useful for the optimization
of RT for NPC, even for head and neck cancer.

Conclusions

We quantified the geometrical variations of each NNL
for NPC and estimated the margin needed to maintain
geometrical coverage during RT, which suggested that the
individualized NNL margin could be more reasonable and
feasible. The volume of all NNLs, except IA, reduced by
6.1-15.1% on average and the 3D vector displacements of
NNLs were 1.5-5.1 mm. Levels IB, II, and III had small
positional displacements, which need a smaller margin
of 2-3 mm. Yet, for levels IA, VI, and V had large ones,
which need an individual margin with 4-5 mm to maintain
geometrical coverage. This quantitative geometrical
variation of NNLs will facilitate adaptive strategies for
NPC. However, the changes of dose distribution in NNLs
and optimal adaptive adjustment strategies need further
study.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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