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Purpose: Considerable anatomical changes occur during intensity-modulated radiotherapy
(IMRT) for nasopharyngeal carcinoma (NPC). This study aimed to quantify volumetric and
positional variations of the target volume during IMRT.

Materials and methods: Twenty patients with locally advanced NPC who received concurrent
(13 patients) or sequential (seven patients) chemoradiotherapy were prospectively recruited and
underwent planning computed tomography (CT) and six repeat CTs (every five fractions). Each
repeat CT was rigidly registered to the planning CT. Gross tumor volume (GTV) and elective
clinical target volume (CTV) were manually delineated on each axial CT image. CTVs of the
primary tumor and lymph nodes were expanded with 5 mm margins to corresponding GTVs,
with necessary modifications. Volume loss, system and random errors, and the mean and three-
dimensional vector displacements were calculated and compared statistically.

Results: Volumes of the primary tumor and small (>1 cm, =3 c¢m) and large (>3 cm) positive
neck lymph nodes decreased at a rate of 2.6%, 3.7%, and 3.9% per treatment day, respectively.
CTVs of the primary tumor, lymph nodes, and elective region decreased 1.5%, 2.3%, and 0.3%
per treatment day, respectively. Average displacements of the GTVs and CTVs were <1.3 mm
in all directions. GTVs and CTVs of the large and small lymph nodes shifted medially by 0.8—1.3
and 0.6—1.2 mm, respectively, on average. Average three-dimensional displacements of the GTVs
and CTVs were 3.4-4.3 mm and 2.5-3.7 mm, respectively. Volume loss and displacements in
most directions were significantly larger in patients receiving concurrent chemoradiotherapy
than in those receiving sequential therapy. Volume loss and displacements of the GTV of large
nodes and elective CTV were significantly larger in male than in female patients.
Conclusion: Volumetric and positional changes of the target volume were considerable, and
volume loss increased as treatment time elapsed during IMRT for NPC.

Keywords: nasopharyngeal carcinoma, adaptive radiotherapy, radiation response, anatomical
changes, organ motion

Introduction

Nasopharyngeal carcinoma (NPC) differs from other head and neck cancers in terms
of its distinctly skewed geographic and ethnic distribution, as well as its aggressive
locoregional behavior, with a high predilection for distant failure and special therapeutic
considerations.' Use of intensity-modulated radiotherapy (IMRT) for the treatment of
NPC has demonstrated advantages with regard to dose conformity, local control, and
normal tissue sparing.>* As one of the prerequisites for these advantages, geometrical
accuracy is an important requirement throughout the course of IMRT. However, for
patients with head and neck cancer, considerable geometrical variations can occur dur-
ing the 6-7-week-long IMRT regimen, which results from many factors such as tumor
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volume, positional changes of the tumor and/or organ at risk,
and the weight loss of patients.’ Several studies demonstrated
that both the volume and the position of the target volume
(TV) changed significantly during radiation therapy (RT) for
head and neck cancer, resulting in dose uncertainties.”'3 Two
of these studies also reported the displacement of the gross
tumor volume (GTV) and/or clinical TV (CTV).*® Only two
studies that included NPC patients showed the variations of
the GTVs during RT.!*!! Lu et al*? included 43 NPC patients
in their study, but the use of volume reduction at a single
time point as the sole endpoint was too simple to show the
longitudinal changes in TVs. This underscored the need to
quantify, more broadly, the geometrical changes of NPC
during IMRT. Therefore, the purpose of this study was to
analyze the dynamic volume and position changes of TV for
NPC during IMRT in an endemic region (People’s Republic
of China), which might provide comprehensive information
on the use of adaptive RT for NPC.

Materials and methods

Patients and images

Twenty patients with treatment-naive, locally advanced
NPC were recruited prospectively (approved by the ethical
committee of the Hubei Cancer Hospital, Wuhan, People’s
Republic of China), and all patients provided written
informed consent. The clinical characteristics of the patients
are shown in Table 1. The patients were immobilized using
individualized thermoplastic masks (covering the head, neck,
and shoulders) in the supine position. Planning computed
tomography (pCT) using a Brilliance Big Bore CT simula-
tor (Philips, Inc, Cleveland, OH, USA) with intravenous
contrast was performed with a 0.5 x 0.5 mm pixel size and
a 2.5 mm slice thickness from the vertex to 2 cm caudal to
the sternal manubrium. Each patient underwent repeat CT
(rCT) scans after the fifth, tenth, 15th, 20th, 25th, and 30th
fraction (six weekly rCTs following the same protocol, but
without intravenous contrast, as used for the pCT). For ease
of presentation, rCT is described as CT,, where n (n=1, 2,
3,4, 5, 6) represents the week of rCT scanning, and pCT is
described as CT,. All images were saved in Digital Imaging
and Communications in Medicine format.

Chemotherapy

Thirteen patients received concurrent chemoradiotherapy
(CRT), and seven received sequential CRT. Among patients
receiving concurrent CRT, seven received cisplatin (CDDP;
75 mg/m?) on day 1 and 5-fluorouracil (5-FU; 1,000 mg/m?)
on days 1 to 4, and this cycle was repeated every 4 weeks.

Table | Clinical characteristics of 20 patients with locally
advanced NPC

Numbers %

Gender

Male 15 75.0

Female 5 25.0
Age (years)

Median 45.5

Range 14-67
World Health Organization pathological type

| | 5.0

2 18 90.0

3 | 5.0
T stage

| 2 10.0

2 7 35.0

3 6 30.0

4 5 25.0
N stage 40.0

[ | 5.0

2 16 80.0

3 3 15.0
AJCC/UICC stage

11l 12 60.0

v, 5 25.0

IV, 3 15.0
Chemotherapy

Concurrent 13 65.0

Sequential 7 35.0
Concurrent drugs

CDDP+5-FU 7 (2)* 53.8

Weekly CDDP 5 (5)* 385

Weekly cetuximab I (7)* 7.7
Sequential drugs

CDDP+5-FU 5Q)* 714

Docetaxel+CDDP 2 (2)* 28.6
Median days between pCT and Ist fraction 9.5 (3-19)t

Notes: *The numbers in parentheses show the median cycles or infusions of drug
delivery; fthe numbers in parentheses show the range.

Abbreviations: NPC, nasopharyngeal carcinoma; AJCC/UICC, American Joint
Cancer Committee/Union for International Cancer Control; CDDP, cisplatin; 5-FU,
5-fluorouracil; pCT, planning computed tomography.

Five patients received weekly CDDP (40 mg/m?), and
another patient received weekly cetuximab that began the
week before the first fraction with a dose of 400 mg/m?, and
it was followed by weekly administration of 250 mg/m? for
a total of seven infusions. In patients receiving sequential
CRT, two cycles of induction chemotherapy and another two
cycles of adjuvant chemotherapy with CDDP+5-FU (the dose
was the same as above) were given to five patients, and the
other two patients were treated with docetaxel and CDDP
(both dosed at 75 mg/m?).

Definition of target volume
In-house-developed software (WoldMatch, Department
of Radiation Oncology, The Netherlands Cancer Institute,

submit your manuscript

1720

Dove

OncoTargets and Therapy 2013:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Target volume changes during IMRT for NPC

Amsterdam, The Netherlands) was used for image registra-
tion and TV delineation. Each rCT was first rigidly registered
with the corresponding pCT after importing all CT images.
The rigid registration was based on a bony match in order
to eliminate the effect of setup error and to align the seven
CT images to share the same coordinate system. Rigid reg-
istration was performed on the region defined by one clip
box that was large enough to cover the whole planning TV
(PTV). The results of the rigid registration were evaluated
by visual inspection.

TVs were delineated manually using the Hubei Cancer
Hospital treatment protocol. The GTV of the primary tumor
(GTV_T) and the involved neck lymph nodes (GTV_N)
included all macroscopic disease detected in both the diag-
nostic CT and magnetic resonance images, following the
clinical protocol. An isotropic 5 mm margin was applied
around the GTV_T and GTV_N to generate the CTV of
the primary tumor (CTV_T) and positive nodes (CTV_N),
both on the pCT and rCTs. Subsequently, these structures
were modified manually to exclude areas such as air cavi-
ties and uninvolved bone. For the TV of positive lymph
nodes, we arbitrarily divided the large (diameter >3 cm)
and small (diameter =3 cm and >1 c¢m) nodes according
to the minimum diameter on the axial plane; these TVs
were abbreviated as GTV_NI and CTV_NI for the large
nodes, and GTV_Ns and CTV_Ns for the small nodes.
Low-risk CTV (CTV_Lr) described the regions with
potential microscopic disease, as well as the neck nodal
levels defined by the protocol described by Lin et al.'
CTV_Lr included the entire nasopharynx and the sur-
rounding structures such as the posterior part of the nasal
cavity, posterior maxilla, pterygopalatine fossa, posterior
ethmoid sinus, parapharyngeal space, skull base, anterior
third of the clivus, inferior sphenoid sinus and cavernous
sinus, retropharyngeal nodal regions from the base of the
skull to the caudal edge of the second cervical vertebra, as
well as the bilateral neck nodal levels 2, 3, and the cranial
part of level 5, defined according to international consensus
guidelines.!>!* CTV_Lr should have completely covered
all the CTV_T and CTV_N, and the most caudal slice was
the caudal edge of cricoid cartilage. PTV_Lr, PTV_T,
and PTV_N were expanded from CTV_Lr, CTV_T, and
CTV_N, respectively, with an additional 5 mm margin. The
TVs on each rCT were copied from the corresponding pCT,
and necessary modifications were made according to the
anatomical changes. The same radiation oncologist (WT)
performed all delineations, which minimized observer-
related delineation uncertainties.

IMRT planning and delivery

IMRT plans were designed using nine equiangular (every 40°
from 0° to 360°) coplanar beams. Inverse dynamic planning
was generated by Varian Eclipse™ treatment planning soft-
ware systems (Eclipse™ version 8.6; Varian Medical Systems
Inc., Palo Alto, CA, USA). A mono-isocentric technique was
used for all beams. The individualized prescribed dose was
69.3-72.6 Gy in 33 fractions (2.1-2.2 Gy/fraction) to the
PTV_T and/or PTV_N, 59.4-62.7 Gy (1.8-1.9 Gy/fraction)
to the high-risk CTV, and 54.0 Gy in 28 daily fractions to the
PTV_Lr. Dose-volume constraints and priorities were set
individually according to the protocol of the Hubei Cancer
Hospital. The lower neck (below the caudal edge of the body
of cricoid cartilage) and supraclavicular fossae were irradiated
with a single anterior field. The prescribed dose of this single
anterior field was 50.0 Gy delivered in the first 25 fractions. All
treatments were delivered using a computer-controlled, auto-
sequence, multi-leaf collimator on a Varian linear accelerator
equipped with Millennium 80 Multi-leaf collimator system
(Varian Medical Systems Inc.). All patients were treated with
one fraction daily, 5 days per week. The actual treatment
received by the patients in the weeks following the initial
RT remained the same, and the study was designed only to
document and calculate the dynamic changes.

Calculation of volume reduction

and the displacement of center of mass
The volume of GTVs and CTVs in pCT or rCT (V) and
the coordinates of the center of mass (COM) in left-right
(LR), cranial—audal (CC), and anterior—posterior (AP) direc-
tions of the GTVs and CTVs were automatically calculated.
Volume reduction was calculated as follows:

(Ver,=Ver) Ve X 100% (n=1,2,3,4,5,6),  [1]

CTn
using the initial volume on pCT as the reference. In a single
direction, six displacements could be obtained for a TV, and
then the mean displacement, system error, and random error
were calculated.!” The three-dimensional (3D) vector of dis-
placement, a value combining errors recorded along all three
LRZ’ Dccz’ and
5 ;

D,,’ mean errors (D, D.. and D,, were the displacements
in the LR, CC, and AP directions, respectively).

axes, was calculated as the square root of the D

Statistical analysis

For volume reduction and displacements of the COM, the
differences between various weeks were compared using one-
way analysis of variance. The differences between concurrent
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and sequential CRT, and between male and female patients,
were compared using the Student’s ¢-test. The rate of the TV
change over time, or the volume reduction with weight loss,
was calculated using linear regression analysis. All tests were
two-tailed, and a 5% significance level was used when estab-
lishing statistical significance. The Statistical Package for
the Social Sciences (SPSS version 20.0; IBM Corporation,
Armonk, NY, USA) and Microsoft Office Excel (Microsoft
Office 2003; Microsoft Corporation, Redmond, WA, USA)
were used in the above statistical analyses.

Results

Volume reduction of GTVs and CTVs

The total volume of all GTVs and CTVs decreased through-
out the treatment course (Figures 1 and 2). Compared with
the initial volume on pCT, the volumes of GTV_T, GTV_NI,
and GTV_Ns decreased by 55.3%, 68.3%, and 66.9%,
respectively, at the last rCT (Figure 1 and 2). The CTV_T,
CTV_NI, CTV_Ns, and CTV_Lr decreased by 71.1%,
52.0%, 52.1%, and 7.6%, respectively. Per treatment day,
the GTV_T, GTV_NI, and GTV_Ns decreased at a mean
rate of 2.6%, 3.7%, and 3.9%, respectively, and the CTV_T,
CTV_NI], CTV_Ns, and CTV_Lr decreased at a mean rate
of 1.5%, 2.3%, 2.3%, and 0.3%, respectively (Figure 3). For
all GTVs and CTVs, the volume reduction in the different
weeks was statistically significantly (P<<0.05). The largest
tumor loss occurred in the first 3 weeks, and after week 4,
the rate of volume loss began to decrease (Figure 3).

Displacement of center of mass

Both the gross primary tumors and lymph nodes shrank
asymmetrically (Figure 1), and the displacements due to
system and random errors of all TVs are shown in Table 2.
The mean COM displacements of the GTV_T and CTV_Lr
were less than 1.3 mm in all directions, and their average 3D
displacements were 2.5 and 3.4 mm, respectively (Table 2).

Figure | The gross tumor volume of the primary tumor, as well as of the large and
small lymph nodes on planning CT and six repeat CTs.

Notes: (A) Primary tumor, (B) and large (C) and small lymph nodes on planning
CT and six repeat CTs. The red, purple, white, yellow, fuchsia, lime, and blue lines
show the gross tumor volumes on planning CT, and the first, second, third, fourth,
fifth, and sixth repeat CT, respectively.

Abbreviation: CT, computed tomography.

The average COM displacements of all GTV_N were less
than 0.8 mm in all directions, and the 3D vector displace-
ment of GTV_NI and GTV_Ns were 4.3 mm and 3.7 mm,
respectively (Table 2).

With regard to positive neck lymph nodes, seven patients
had eight large nodes (five on the left side and three on the
right), and eleven patients had 24 small nodes (eleven on the
left side and 13 on the right). When corrected for the nodes
on the left and right sides, we found that the largest displace-
ments of lymph node TV were in the lateral-medial direction,
and all of them shifted medially. The GTV_NI on the left and
right sides shifted medially by a mean of 1.0 mm and 1.3 mm,
respectively. In addition, the GTV_Ns on both the left and
right sides shifted medially by a mean of 0.8 mm. Similarly,
the CTV_NI on the left and right sides shifted medially by
a mean of 0.6 mm and 0.8 mm, respectively. The CTV_Ns
on both the left and right sides shifted medially by a mean
of 1.2 mm (Table 3).

Comparison of concurrent

and sequential chemoradiotherapy

The initial volumes of GTV_T, CTV_T, GTV_Ns, CTV_Ns,
and CTV_Lr between the patients with concurrent and sequen-
tial CRT was not statistically different, but those of GTV_NI
and CTV_NI were significantly different. Generally, the vol-
ume reduction in patients on concurrent CRT was larger than
that in patients on sequential therapy, and the differences of
volume reduction between the concurrent and sequential CRT
in GTV_NI, GTV_Ns, CTV_NI, CTV_Ns, and CTV_Lr were
statistically significant (P<0.05) (Table 4). For all TVs, the
mean displacements in all direction were <<1.3 mm. The 3D
vector displacements of GTV_NI, GTV_Ns, and CTV_Lr were
significantly larger in concurrent CRT patients (Table 4).

Comeparison between male

and female patients

The initial volume of GTV and CTV (except for the CTV_Lr)
between the males and females was not statistically different.
The volume reductions of GTV_Ns, CTV_Ns, and CTV_NI
were significantly larger in male patients (Table 5). The
mean displacements of GTV_Nland CTV_Lr were less than
1.8 mm in all directions, and the 3D vector displacements
of GTVs and CTVs were not significantly different between
the male and female patients (Table 5).

Volume reduction and weight loss
At the 30th fraction, weight loss ranged from 2.2% to 17.8%,
with a mean of 7.9%. The total and weekly weight losses
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Figure 2 The volume reduction of target volumes. The volume reduction of GTV_T, CTV_T, CTV_Lr (A), GTV_Ns, CTV_Ns (B), and GTV_NI, CTV_NI (C) in different week.
Notes: Volume reduction was calculated as follows: (V. =V _)/V, X 100% (n=1, 2, 3, 4, 5, 6), using the initial volume on planning CT as the reference. V_ and V_  were
the volumes on repeated CT and planning CT, respectively. The lines show the means, and the error bars show the 95% confidence intervals.

Abbreviations: GTV_T, gross tumor volume of the primary tumor; CTV_Lr, clinical target volume of the elective region; CTV_T, clinical target volume of the primary
tumor; GTV_Ns, gross tumor volume of small lymph nodes; CTV_N:s, clinical target volume of small lymph nodes; GTV_NI, gross tumor volume of large lymph nodes
(minimum diameter >3.0 cm); CTV_N], clinical target volume of large lymph nodes.

Discussion
Our study showed that TVs of NPC changed dramati-

were 4.3%+4.2% and 1.4%=*1.6%, respectively (Figure 4).
The volume reductions of GTV_T, CTV_T, GTV_Ns,

CTV_Ns, and CTV_Lr correlated significantly with weight
loss (Figure 5). However, the volume reductions of both
GTV_NI and CTV_NI did not significantly correlate with
weight loss and could be unpredictable (Figure 5).

cally throughout the treatment course in the context of
CRT. The GTV decreased at a rate of 2.6%—-3.9%, and the
CTV_T and CTV_N decreased at a rate of 1.5% and 2.3%,
respectively; the elective CTV decreased at a rate of 0.3%
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Figure 3 GTV (A) and CTV (B) loss per treatment day.

Notes: The data are shown as the mean + standard deviation, and the 95% confidence interval is shown in parentheses.

Abbreviations: GTV_T, gross tumor volume of the primary tumor; GTV_NI, gross tumor volume of large lymph nodes (minimum diameter >3.0 cm); GTV_Ns, gross
tumor volume of small lymph nodes; W, week; CTV_Lr, clinical target volume of the elective region; CTV_T, clinical target volume of the primary tumor; CTV_NI, clinical
target volume of large lymph nodes; CTV_Ns, clinical target volume of large lymph nodes.
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Table 2 The mean, system, and random error of center of mass displacements of the target volumes (mm)

Target Direction Mean System error Random error 3D vector displacement
of target volumes
GTV_T LR 1.0 1.5 2.1 3.442.1 (1.3, 8.1)*
CcC —0.1 0.3 0.6
AP -1.3 0.5 1.0
GTV_NI LR -0.5 0.6 1.5 4.3+3.0(1.3,8.8)
CcC 0.0 0.8 I.1
AP —0.8 0.6 I.1
GTV_Ns LR 0.4 |.4 1.9 3.7£1.7 (1.7, 6.4)
CcC -0.4 0.7 1.3
AP —0.1 0.6 1.2
CTV_Lr LR —0.1 0.4 0.8 2.5£1.5 (1.0, 5.1)
CcC 1.2 0.6 1.2
AP 0.5 0.2 0.4

Notes: *Data are shown as the mean * standard deviation, and the 95% confidence interval is shown in parentheses. A negative number means a shift to the right, caudal,

and posterior in the LL, CC, and AP directions, respectively.

Abbreviations: 3D, three-dimensional; GTV_T, gross tumor volume of the primary tumor; LR, left-right; CC, cranial-caudal; AP, anterior—posterior; GTV_NI, gross tumor
volumes of the large lymph nodes; GTV_Ns, gross tumor volumes of the small lymph nodes; CTV_Lr, clinical target volume of the elective region.

per treatment day. The average COM displacement of all
TVs was less than 1.3 mm in all directions. The neck lymph
nodes shifted medially by 0.8—1.3 mm, and the average 3D
vector displacement of the large and small lymph nodes was
3.2-4.3 mm. The tumor loss was greater in patients receiving
concurrent CRT than in those receiving sequential therapy.
These significant geometric variations underscore the need
to develop an adaptive strategy.

Several studies have demonstrated an obvious volume
reduction of the GTV during RT. In a study by Barker et al,*
14 patients with head and neck cancer were included, and the
prescribed dose was 60-72 Gy with 30-42 fractions.® The
GTV_T decreased 0.7 cm? (1.7%), and the GTV_N decreased
0.3 cm?® (1.7%) per treatment day. On the last day of treat-
ment, the volume loss of GTVs was approximately 70%. In
the studies of Geets et al” and Castadot et al,® the GTV_T
of ten patients with pharyngolaryngeal cancer experienced
significant volume reductions after receiving a mean dose
of 45 Gy. The GTV_T decreased an average of 65.5%. The
GTV_T decreased an average of 3.2%, and the GTV_N,

CTV_T, and CTV_N decreased 2.2%, 2.6%, and 1.5% per
treatment day, respectively. The global therapeutic CTV
decreased 2.4% per treatment day.® Another study included
ten patients with oropharyngeal cancer, and the GTV reduc-
tion was 25% after RT of 46 Gy.’ A recent study of IMRT in
19 locally advanced NPC cases by Cheng et al'® showed that
the volumes of the primary tumor and lymph nodes decreased
9.1% and 13.1% (treated with 30 Gy) and 16.2% and 28.7%
(treated with 50 Gy), respectively. Many factors might explain
these differences, such as the number of fractions and the
various radiation doses received at the time of CT scanning,
heterogeneous response to treatment, the TV definition, and
the effect of image quality on delineation accuracy.

The response of the tumor to treatment will affect the
positional change, and the displacement of COM was used
to estimate this change in previous studies.®® The median
COM displacement of the GTV was 3.3 mm in head and
neck cancers.® In pharyngolaryngeal tumors, the COM of the
GTV_T and CTV_T shifted laterally 1.3 mm and 1.5 mm,
respectively, and the GTV_N and CTV_N shifted medially

Table 3 The COM displacements in the lateral-medial direction and 3D vector of the left and right side neck lymph nodes (mm)

Target Left side Right side

volume  Mean System error Random error 3D vector® Mean System error Random error 3D vector*
GTV_NI -1.0 0.6 1.5 4.0£3.0 (1.2, 7.6) 1.3 0.7 1.5 4.2+2.1 (22,5.7)
CTV_NI -0.6 1.2 1.9 3.4+1.0 (23,47) 08 0.8 1.2 3.5+1.4 (2.5, 4.8)
GTV_Ns 0.8 0.5 1.1 3.2%1.4 (15,50 08 0.4 0.9 4.3+1.9 (2.3,7.5)
CTV_Ns  —12 0.4 0.9 3.3+1.8 (1.6, 6.2) 1.2 0.5 0.9 4.1£1.7 (2.5, 6.9)

Notes: *The 3D vector displacements of the COM of target volumes. The data are shown as mean * standard deviation, and the 95% confidence interval is shown in

parentheses. A negative number means a shift to the right in the left—right direction.

Abbreviations: COM, center of mass; 3D, three dimensional; GTV_NI, gross tumor volume of the large lymph nodes; CTV_NI, clinical target volume of the large lymph
nodes; GTV_Ns, gross tumor volume of the small lymph nodes; CTV_N:s, clinical target volume of the small lymph nodes.
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Table 4 The volume reduction and the center of mass displacements of target volumes in Con and Seq CRT (mean + standard deviation)

Target CRT Volume Displacement (mm)
volume reduction (%) LR cc AP 3D vector
GTV_T Con 42.6+19.8 (36.5, 48.8) 1.1+2.4 (0.5, 1.6) 0.1£1.2 (-0.2,0.3) —1.3%£1.6 (-1.6, -0.9) 4.0+2.7 (1.5, 6.5)
Seq 35.1+20.6 (30.5, 39.8) 1.0+4.2 (0.4, 2.3) —0.3+0.7 (0.6, -0.1) —1.3%1.4 (-1.8,-0.9) 3.0£L7 (2.1, 4.0)
CTV_T Con 29.9+18.8 (24.1, 35.8) 1.0+2.2 (0.5, 1.5) 0.1£1.1 (-0.2,0.3) —1.4+14 (1.7, -1.1) 4.1+2.9 (1.4, 6.8)
Seq 24.5%14.9 (21.1,27.8) 1.1+4.3 (0.2, 2.5) —0.2+0.9 (-0.4, 0.1) —1.2£1.5 (-1.7, -0.8) 3.0£1.5 (2.1, 3.9)
GTV_NI Con 61.7£22.0 (54.2, 69.1)* —0.5+2.4 (—1.3,0.4) —0.2+4.6 (—1.7, 1.4) =1.1£2.7 (2.0, -0.2) 5.3%2.9 (2.3, 8.3)*
Seq 24.1+18.0 (12.7, 35.5) —0.6+1.0 (1.2, 0.1) 0.5+0.8 (0.0, 1.0) —0.1+0.6 (0.5, 0.3) 3.6+1.2 (2.8, 4.4)
CTV_NI Con 45.0£18.9 (38.6, 51.4)* -0.2+2.4 (-1.0, 0.7) 0.0+2.1 (-0.7, 0.7) —0.3£1.3 (0.8, 0.1) 3.2£1.3 (2.0,5.1)
Seq 16.0£16.2 (5.7, 26.3) —0.3+0.5 (-0.6, 0.1) 0.3£1.3 (-0.5, I.1) —0.2+0.6 (-0.6, 0.2) 3.7£1.4 (2.8,4.6)
GTV_Ns Con 53.2+27.5 (48.2, 58.1)* 0.3£2.5 (0.1, 0.8) —0.5+2.6 (-1.0, 0.0) —0.3+2.5 (-0.8, 0.2) 4.1£1.7 (3.3, 4.8)*
Seq 37.8+15.6 (31.2, 44.4) —0.4+1.3 (-1.0, 0.1) —-0.3+1.2 (0.8, 0.2) 0.4+0.7 (0.1, 0.7) 2.0£0.2 (1.7, 2.3)
CTV_Ns Con 38.7+19.9 (35.1, 42.3)* 0.3+2.4 (-0.2,0.7) —0.3+2.3 (-0.8, 0.1) 0.1+2.3 (0.3, 0.5) 3.7£1.6 (2.9, 4.5)
Seq 27.2+8.6 (23.6, 30.9) —0.4+1.0 (0.8, 0.1) —2.5+2.8 (-3.7, -1.3)* 0.6+1.5 (0.0, 1.2) 3.5£2.7 (0.9, 7.8)
CTV_Lr Con 6.114.7 (5.0, 7.1)* —0.2+1.7 (0.5, 0.2) 2.1£1.9 (1.7, 2.5) 0.6+0.6 (0.4, 0.7) 3.0£1.6 (2.1, 4.0)*
Seq 3.1+2.5 (2.3, 3.9) —-0.2+0.8 (0.4, 0.1) 0.9+0.9 (0.6, 1.2)* 0.5%0.5 (0.4, 0.7) 1.6+0.4 (1.2, 2.0)

Note: *P-value<<0.05, and the 95% confidence interval is shown in parentheses. A negative number means a shift to the right, caudal, and posterior in the LL, CC, and AP
directions, respectively.

Abbreviations: Con, concurrent; Seq, sequential; CRT, chemoradiotherapy; LR, left-right; CC, cranial-caudal; AP, anterior—posterior; 3D, three-dimensional vector
displacements; GTV_T, gross tumor volume of the primary tumor; CTV_T, clinical target volume of the primary tumor; GTV_NI, gross tumor volume of the large
lymph nodes (minimum diameter >3.0 cm); CTV_NI, clinical target volume of the large lymph nodes; GTV_Ns, gross tumor volume of the small lymph nodes (minimum
diameter >1.0 cm and =3.0 cm); CTV_Nss, clinical target volume of the small lymph nodes; CTV_Lr, clinical target volume of the elective region.

1.0 mm and 0.9 mm, respectively.® In our study, the medial
shift of the neck lymph nodes was 0.8—1.3 mm, and the CTV

of the lymph nodes shifted medially 0.6—1.2 mm. The dis-
placements of the GTV_T and large and small lymph nodes

abutted the stable vertebrac and muscles shifted (as shown
in Figure 1A). The displacements of the small nodes in the
three directions were comparable, yet those of the large nodes
were more significant in the CC direction.

showed a different trend. For example, the displacements
of the GTV_T were larger in the LR and AP directions than
in the CC direction. One possible reason was that the primary

Different treatment strategies can result in different tumor
responses, thereby resulting in different volumes, positions,
and shape variations of the TV. In a study by Bhide et al,"
tumor shrank from the air cavity, and the posterior part that 20 head and neck patients received two cycles of induction

Table 5 The volume reduction and the center of mass displacements of target volumes in male and female patients (mean = standard
deviation)

Target Gender Volume Displacement (mm)

volume reduction (%) LR cc AP 3D

GTV_T Male 36.3121.1 (31.9, 40.7) 0.8+2.5 (0.3, 1.3) 0.0+1.2 (-0.3, 0.2) —1.4+1.7 (-1.7, -1.0) 3.0£1.8 (2.1, 4.1)
Female 42.2+18.4 (35.3, 49.1) 1.8+4.6 (0.1, 3.5) —0.3£0.7 (-0.5, 0.0) —1.0£1.0 (-1.4,-0.7) 4.5+2.7 (1.1,7.9)

CTV_T Male 25.6+16.0 (22.3, 29.0) 0.8+2.4 (0.3, 1.3) 0.0t1.1 (-0.3,0.2) —1.5%1.5 (-1.8,-1.2) 3.0+1.8 (2.0, 4.0)
Female 28.7+17.9 (22.0, 35.4) 1.6+4.6 (-0.1, 3.4) 0.1+0.9 (-0.2, 0.4) —0.9£1.1 (1.3, -0.5) 45427 (1.1, 7.9)

GTV_NI Male 54.8+26.7 (46.4, 63.1)* —0.6+2.3 (—1.3,0.1) 0.0+4.3 (-1.3, 1.3) —1.0+2.5 (1.7, -0.2) 5.1£3.1 (1.9, 8.3)
Female 34.8£18.9 (14.9, 54.7) 0.2+0.7 (0.6, 0.9) 0.0+0.6 (0.6, 0.6) 0.1+£0.8 (-0.7, 1.0) 2.0£1.3 (0.3, 34)

CTV_NI Male 40.2+21.2 (33.6, 46.8)* —0.2+2.2 (-0.8, 0.5) —0.1£2.0 (-0.7, 0.6) 1.3x£1.2 (0.0, 2.5) 2.7£1.5 (1.1, 4.3)
Female 20.6+22.3 (2.9, 44.0) —0.41+0.7 (1.2, 0.4) —0.4%1.2 (-0.8, 0.0) 0.2+0.5 (0.3, 0.7) 2.9+1.4 (0.9,5.7)

GTV_Ns Male 54.2422.4 (49.9, 58.5)* 0.1+2.4 (0.4, 0.6) —0.5%2.6 (-1.0, 0.0) —0.6+2.1 (1.0, -0.2) 3.8+1.9 (2.8,4.7)
Female 39.9£34.0 (28.3,51.4) 0.5+2.3 (-0.3, 1.2) —0.4£1.7 (-1.1,0.2) 1.3+2.2 (0.5, 2.1)* 3.5+1.3 (2.2, 4.9)

CTV_Ns Male 39.5£19.4 (35.8,43.2) 0.242.3 (-0.3, 0.6) —0.7£2.8 (-1.3,-0.2) —0.2+2.1 (0.6, 0.2) 3.8+1.9 (2.9, 4.8)
Female 28.6x15.1 (234, 33.7)* 0.1+1.9 (-0.6, 0.7) —0.7£1.3 (-1.1,-0.2) 1.4£2.0 (0.7, 2.1)* 3.1+1.5(1.5,4.7)

CTV_Lr Male 5.2+4.8 (3.3,5.3) —0.1£1.6 (-0.4,0.2) 1.9+1.9 (1.5, 2.3) 0.5+0.6 (0.3, 0.6) 2.8+1.6 (1.9,3.7)
Female 4.312.6 (4.3, 6.2) —0.4£0.6 (—0.6, —0.2) I.1£1.0 (0.7, 1.4)* 0.8+0.4 (0.6, 0.9)* 1.7£0.6 (1.0, 2.5)

Note: *P-value<<0.05, and the 95% confidence interval is shown in parentheses. A negative number means a shift to the right, caudal, and posterior in the LL, CC, and AP
directions, respectively.

Abbreviations: LR, left-right; CC, cranial-caudal; AP, anterior—posterior; 3D, three-dimensional vector displacements; GTV_T, gross tumor volume of the primary tumor;
CTV_T, clinical target volume of the primary tumor; GTV_NI, gross tumor volume of the large lymph nodes (minimum diameter >3.0 cm); CTV_NI, clinical target volume
of the large lymph nodes; GTV_Ns, gross tumor volume of the small lymph nodes (minimum diameter >1.0 cm and =3.0 cm); CTV_N, clinical target volume of the small
lymph nodes; CTV_Lr, clinical target volume of the elective region.
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Figure 4 Weight loss of 20 NPC patients during chemo—IMRT.
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Abbreviations: SD, standard deviation; Cl, confidence interval; NPC, nasopharyngeal carcinoma; IMRT, intensity-modulated radiotherapy.

chemotherapy followed by IMRT, and repeat CT scans
were performed at weeks 2, 3, 4, and 5. They found that the
largest CTV reduction was between weeks 0 and 2, with a
mean reduction of 3.2%-10.5%.'° In our study, the patients
receiving concurrent CRT underwent a larger tumor loss
than those receiving sequential therapy. Similarly, more
rapid tumor loss occurred in the first 3 weeks. This might
provide some information about the timing of replanning if
needed. From the present study, it seems best to adapt the
geometric changes no later than the 3rd week. In addition, the
volume loss and positional variation were different between
the men and women in our study. All these data suggest that
the timing of replanning should be individualized, while
taking into consideration the different treatment strategies,
gender, weight loss during RT, and the size and anatomical
position of positive lymph nodes.

During RT, the planned dose should be delivered to both
macroscopic and microscopic disease. Macroscopic disease
can be easily defined with the help of advanced imaging
modalities such as CT, magnetic resonance, and/or positron
emission tomography. However, this is not always the case
for microscopic disease. In our study, an isotropic margin
surrounding the macroscopic disease was used to cover
all possible microscopic disease during pCT. This margin
was also added to the regressing tumor on repeat images,
without taking into account the heterogeneous response
of the tumor itself to treatment. We simply assumed that
microscopic disease shifted with the shrinking tumor, an

assumption that cannot be easily validated. However, in
the present clinical setting, it might be safer to conserve
the prescribed dose to the initial TV because of the limited
spatial resolution of images that affects the accurate detec-
tion of microscopic disease.’

To our knowledge, this study presented the most detailed
information about the TV changes of NPC during IMRT in
an endemic region. However, some limitations existed in our
study. First, the accuracy of the target definition might be
influenced by the image quality without contrast on repeat CT.
Though the use of CT contrast during repeated image acquisi-
tion might improve the quality and contouring accuracy, this
seems inappropriate and impractical. Second, interobserver
variation in our study was eliminated because a single physi-
cian contoured all TVs, and the intraobserver variability was
minimized by the use of a copy-and-modification strategy.
Third, any misalignments of TV between rigid image reg-
istrations were not included in this study. In addition, the
deformable registration might improve local alignment."
Fourth, the uniform margin of 5 mm might not be large
enough to cover all microscopic disease surrounding the
primary tumor, although there is no clinically reliable way
to verify this at present.'” Finally, the results of the subgroup
analysis should be interpreted with caution because of the
small sample size and potential biases; further study with a
larger population is warranted. Despite these weaknesses,
our results still provide valuable information for the future
use of adaptive RT in the treatment of NPC.
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Notes: The correlation between the volume reduction of GTV_T (A), CTV_T (B), GTV_NI (C), CTV_NI (D), GTV_Ns (E), CTV_Ns (F), CTV_Lr (G) and weight loss.
Abbreviations: GTV_T, gross tumor volume of the primary tumor; CTV_T, clinical target volume of the primary tumor; GTV_NI, gross tumor volume of large lymph
nodes (minimum diameter >3.0 cm); CTV_NI, clinical target volume of large lymph nodes; GTV_Ns, gross tumor volume of small lymph nodes (minimum diameter >1.0 cm
and =3.0 cm); CTV_Ns, clinical target volume of small lymph nodes; CTV_Lr, clinical target volume of the elective region.

Conclusion

During chemo—IMRT for patients with NPC, both the volume
and position of the TV undergo significant changes through-
out the treatment course, and these variations show an obvi-
ous time trend. The volume reduction continued to increase
along with an increase in the number of radiation fractions

delivered. The average 3D displacements of the TV were
2.5-4.3 mm, and the neck lymph nodes shifted medially with
a mean value of 0.8—1.3 mm. It seems reasonable to replan
individually in the first 3 weeks, and to comprehensively
take into account various factors such as treatment modal-
ity, gender, size and anatomical position of the tumor, and
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weight loss. Treatment adaptation for anatomical changes
is needed, to a lesser extent, in the presence of neoadjuvant
chemotherapy. The impact on dose distribution resulting
from anatomical variations and the optimal adaptive strate-
gies remain topics for further investigation.
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