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Abstract
AIM: To compare the volumetric-modulated arc ther-volumetric-modulated arc ther-
apy ���AT�� plans �ith conventional sliding �indo� ���AT�� plans �ith conventional sliding �indo� 
intensity-modulated radiotherapy �c-I�RT�� plans in 
esophageal cancer �EC��.

METHODS: T�enty patients �ith EC �ere selected, 
including 5 cases located in the cervical, the upper, 
the middle and the lo�er thorax, respectively. F ive 
plans �ere generated �ith the eclipse planning sys-
tem: three using c-IMRT with 5 fields (5F), 7 fields (7F) 
and 9 fields (9F), and two using VMAT with a single 
arc �1A�� and double arcs �2A��. The treatment plans 
�ere designed to deliver a dose of 60 Gy to the plan-

ning target volume ��T��� �ith the same constrains in 
a 2.0 Gy daily fraction, 5 d a �eek. �lans �ere normal-
ized to 95% of the �T� that received 100% of the pre-
scribed dose. We examined the dose-volume histogram 
parameters of �T� and the organs at risk �OAR�� such 
as lungs, spinal cord and heart. �onitor units ��U�� and 
normal tissue complication probability �NTC��� of OAR 
�ere also reported.

RESULTS: Both c-I�RT and ��AT plans resulted in 
abundant dose coverage of �T� for EC of different lo-
cations. The dose conformity to �T� �as improved as 
the number of field in c-IMRT or rotating arc in VMAT 
�as increased. The doses to �T� and OAR in ��AT 
plans �ere not statistically different in comparison �ith 
c-I�RT plans, �ith the follo�ing exceptions: in cervical 
and upper thoracic EC, the conformity index �CI�� �asconformity index �CI�� �as �CI�� �as 
higher in VMAT (1A 0.78 and 2A 0.8) than in c-IMRT 
(5F 0.62, 7F 0.66 and 9F 0.73) and homogeneity was 
slightly better in c-IMRT (7F 1.09 and 9F 1.07) than 
in VMAT (1A 1.1 and 2A 1.09). Lung V30 was lower 
in VMAT (1A 12.52 and 2A 12.29) than in c-IMRT (7F 
14.35 and 9F 14.81). The humeral head doses were 
significantly increased in ��AT as against c-I�RT. In 
the middle and lower thoracic EC, CI in VMAT (1A 0.76 
and 2A 0.74) was higher than in c-IMRT (5F 0.63 Gy 
and 7F 0.67 Gy), and homogeneity was almost similar 
bet�een ��AT and c-I�RT. �20 �2A 21.49 Gy vs  7F 
24.59 Gy and 9F 24.16 Gy) and V30 (2A 9.73 Gy vs  
5F 12.61 Gy, 7F 11.5 Gy and 9F 11.37 Gy) of lungs 
in ��AT �ere lo�er than in c-I�RT, but lo� doses to 
lungs (V5 and V10) were increased. V30 (1A 48.12 Gy 
vs  5F 59.2 Gy, 7F 58.59 Gy and 9F 57.2 Gy), V40 and 
�50 of heart in ��AT �as lo�er than in c-I�RT. �Us in 
��AT plans �ere significantly reduced in comparison 
�ith c-I�RT, maximum doses to the spinal cord and 
mean doses of lungs �ere similar bet�een the t�o 
techniques. NTC� of spinal cord �as 0 for all cases. 
NTC� of lungs and heart in ��AT �ere lo�er than in 
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c-I�RT. The advantage of ��AT plan �as enhanced by 
doubling the arc.

CONCLUSION: Compared �ith c-I�RT, ��AT, especial-
ly the 2A, slightly improves the OAR dose sparing, such 
as lungs and heart, and reduces NTC� and �U �ith a 
better �T� coverage.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Esophageal cancer (EC) is one of  the most common 
malignancies in the world. It was estimated that there 
were 16 470 newly diagnosed cases of  EC, and 14 280 
cases of  death in America in 2008[1]. Squamous cell car-
cinoma is commonly seen in China, whereas adenocarci-
noma is common in Europe and America. Radiotherapy 
is a major treatment method for EC because more than 
60% of  the patients are often diagnosed at locally ad-
vanced stages which could not be totally resected. Inno-
vative technologies in radiation delivery such as intensity-
modulated radiotherapy (IMRT) offer the potential for 
improved tumor coverage, while reducing the doses de-
livered to the surrounding normal tissues. Clinical stud-
ies have yielded good dosimetry and patient outcome by 
IMRT[2-6]. There are different IMRT delivery approaches, 
including “step and shoot”, “sliding window” modes 
and the rotational technique. �olumetric-modulated arc�olumetric-modulated arc 
therapy� �������� the ���e�� ��r�� �� ���� that �a�� ��r��t �������� the ���e�� ��r�� ��  ���� that �a�� ��r��t 
proposed by Yu in 1995[7], allowed for intensity-modulat-
ed radiation delivery during gantry rotation with dynamic 
multi-leaf  collimator (MLC) motion, variable dose rates 
(DR) and gantry speed modulation. �MAT had already 
been investigated for prostate cancer, small brain tumors 
and cervix uteri cancer[8-10]. These studies have generally 
shown that �MAT is able to produce similar or better 
dose distributions, while achieving a reduction in treat-
ment time and a reduction in monitor units (MU).

We performed a planning study to compare �MAT 
with conventional sliding window intensity-IMRT (c-
IMRT) in EC of  all locations and in dose distributions 
to planning target volume (PT�) and organs at risk 

(OAR). We also investigated the difference of  normal 
tissue complication probability (NTCP) between the two 
techniques.

MATERIALS AND METHODS
Patients
Twenty EC patients treated with c-IMRT previously 
in our department were selected for this study, involv-
ing 5 cases of  EC located in the cervical, the upper, the 
middle and the lower thorax, respectively. Five patients 
were staged Ⅱ, 10 were Ⅲ and 5 were Ⅳ according to 
the American Joint Committee (AJCC) on Cancer 2006 
Guidelines. Details are shown in Table 1.

Target volume and organ at risk delineation 
All patients were immobilized in a supine position and 
computed tomography scanned using a helical scanner 
(Siemens Somatom, Sensation Open Computed Tomog-
raphy) with 1.25 mm thick slices over the neck and the 
entire thorax. The clinical target volume, including the 
esophageal tumor, with a margin for microscopic tumor 
extension, and the adjacent regional lymph nodes[11,12], 
was expanded with a 5-mm margin to create PT�. OAR, 
such as spinal cord, heart and lung, was outlined on each 
image. Details of  the delineation of  these volumes were 
recently described[13].

Planning techniques and objectives
All the treatment plans were designed to deliver 60 Gy to 
the PT� in 30 fractions using the Eclipse treatment plan-
ning system (�ersion 8.9, �arian Medical Systems, Palo 
Alto, CA), with 6 M� photon beam from a �arian Ⅸ 
(RapidArc) equipped with a Millennium MLC with 120 
leaves. The Anisotropic Analytical Algorithm (�ersion 8.9) 
photon dose calculation algorithm and dose calculation 
grid of  2.5 mm were used for both c-IMRT and �MAT. 
Whe� �ece����ary��� ��e��d ��ize �a�� ��i�i��ized t� 15.3 c�� i� 
the X direction. This dimension corresponded of  the 
maximal displacement of  a leaf  in a MLC bank. By doing 
so, all the leave positions were possible during the optimi-
zation process increasing the degree of  modulation even 
if  in a beam eye view, a part of  the volume was excluded 
of  the beam at each gantry position. Globally rotational 
delivery permitted to irradiate all the volume of  the PT� 
during rotation. All plans aimed to achieve a minimum 
dose larger than 95% and a maximum dose lower than 
107% of  the prescribed dose, and no 2-cc region (either 
in or outside of  PT�) may receive > 110% of  the dose. 
With regard to the OAR, the primary objectives were 
de���ed a�� ����������: ��pi�a�� c�rd: Dmax < 45 Gy� a�d ��u�g��: 
�20 < 30%. �he ��ec��dary� �bjecti�e�� �ere: ��ea� d���e�� 
��  ��u�g�� ��LD� < 15 Gy� a�d heart: �40 ≤ 50%, �50 
≤ 40%. As a result of  tumor coverage requirements, a 
waiver can be applied on these dose constraints.

VMAT plans
The �MAT plans using full arcs sharing the same iso-
center, in which 1A consisting of  a single 360° rotation 
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and 2A consisting of  two coplanar arcs of  360° with op-
posite rotation (clock-wise or counter clock-wise), were 
optimized selecting a maximum DR of  600 MU/min. 
For 1A, starting at a gantry angle of  179° and rotating 
counter clockwise at 360° to stop at a gantry angle of  
181°�� ��e��d ��ize a�d c�����i��at�r r�tati�� �ere deter��i�ed 
by the automatic tool from Eclipse to encompass the 
PT�. And 2A, consisting of  two coplanar arcs of  360°, 
was optimized simultaneously with opposite rotation. 
Since each individual arc is limited to a sequence of  177 
control points, the application of  two coplanar arcs that 
increase the modulation factor during optimization, could 
allow the optimizer to achieve a higher target homogene-
ity and lower OARs involvement at the same time. For 
the second arc, the collimator was rotated 5° extra to re-
duce ��er��appi�g t��gue a�d gr���e e��ect�� �ith the ��r��t 
arc. Details about �MAT optimization process have been 
published elsewhere[14].

c-IMRT plans
The c-IMRT plans were optimized with a fixed DR of  
400 MU/min. The MLC leaf  sequences were generated 
using the dynamic sliding window IMRT delivery tech-
�ique. P��a��� �ere i�di�idua����y� �pti��ized u��i�g ���e �5F��� 
��e�e� �7F� a�d �i�e �9F� c�p��a�ar ��e��d��. Bea�� ge���etry� 
c����i��ted ��  each treat��e�t ��e��d �ith the ��������i�g ga�-
try� a�g��e��: 0°/50°/153°/204°/310° �5F��� 20°/60°/150°
/180°/210°/300°/340° (7F), and 0°/35°/70°/130°/160°
/200°/230°/290°/325° (9F).

Once the treatment planning was completed, the plan 
was normalized to cover 95% of  the PT� with 100% 
of  the prescribed dose. In the present study, we tried to 
modify constraints and priority factors in the c-IMRT 
and �MAT plans to improve the results. These parame-
ter�� �ere ���di��ed i� �u�cti�� ��  d���e-����u��e hi��t�gra�� 
(D�H) results for each patient.

Evaluation tools
Analysis was performed on D�H computing several stan-
dard parameters[15], Dx was the specific dose computed 
for a fraction of  a target or an organ volume, and �x was 
the volume irradiated above a designated dose. For PT�, 

the mean dose (Dmean) was analyzed, and the conformity 
of  dose distribution was assessed by means of  conformity 
i�dex �C�� �hich �a�� de���ed a�� the rati� bet�ee� the ����-
ume receiving at least 95% of  60 Gy and the volume of  
the PT�. Higher values of  CI represented a better PT� 
conformity. CI = (�T95%/�T) × (�T95%/�95%)[16].

The homogeneity index (HI) of  the PT� was com-
puted as D5%-D95% (difference between the dose cov-
ering 5% and 95% of  the PT�). Lower values of  HI rep-
resented a more homogenous PT� dose distribution[17].

D�H parameters for OARs (spinal cord, lungs and 
heart) were calculated and compared. A set of  �x values, 
Dmean, Dmax and MU was therefore reported.

Radiobiological comparison was analyzed by the 
NTCP. The risk of  developing acute complications and 
other late complications was assessed using the Lyman-
Kutcher-Burman model[18]. The parameters for NTCP 
calculations (volume effect, slope, and tolerance doses) 
were taken from Burman et al[19] and are shown in Table 2.

Statistical analysis
The Wilcoxon matched-pair signed-rank test was used to 
compare the results between the �MAT and IMRT plans. 
Di��ere�ce �a�� c����idered ��tati��tica����y� ��ig�i��ca�t at P < 
0.05. All statistical tests were two-sided, and all statistical 
analyses were done using the SPSS software, �ersion 11.0 
(Chicago, IL).

RESULTS
Target coverage, conformity and dose homogeneity
Clinically acceptable plans of  �MAT and c-IMRT were 
completed by all the 20 patients. The dosimetric results 
of  each position for PT� are listed in Table 3. The results 
were analogous in the cervical and upper EC, for which 
PT� was T-shaped from a posteroanterior view, while 
PT� was I-shaped in middle and lower EC. As the num-
ber�� ��  ��e��d i� c-���� �r arc i� ���� �ere i�crea��ed�� 
the conformity and homogeneity were improved.

For Dmean of  PT�, �MAT (1A and 2A) yielded higher 
�a��ue�� tha� ���� �5F�� 7F a�d 9F�. �here �a�� ��ig�i��ca�t 
difference between �MAT and c-IMRT (7F and 9F) in 
cervical and upper thoracic EC and c-IMRT (5F and 7F) 
in the middle and lower thoracic EC, and only 1A achieved 
a higher Dmean as compared with IMRT (P < 0.05).

�MAT had a better CI than c-IMRT. Statistically sig-
�i��ca�t di��ere�ce �a�� ��ee� bet�ee� ���� a�d c-���� 
(5F, 7F and 9F) in cervical and upper thoracic EC, but 
between �MAT and c-IMRT (5F and 7F) in middle and 
lower thoracic EC (P < 0.05). Especially in cervical cases, 
2A showed the best CI (P < 0.05), but there was no sig-
�i��ca�t di��ere�ce bet�ee� 1� a�d 2� i� th�racic ca��e��.

Homogeneity was slightly better in c-IMRT than in 
�MAT. In cervical and upper thoracic EC, HI of  2A 
a�d 5F �a�� equi�a��e�t�� a�d 7F �r 9F ��h��ed a ��ig�i��ca�t 
trend for better results compared with �MAT (P < 0.05). 
In the middle and lower thoracic EC, the trend was not 
conspicuous, 9F also had a higher HI compared with 
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Table 1  Characteristics of patients (n  = 20)

Variables n

Gender
   Male 16
   Female   4
Age range (yr) 45-82 
Stage1

   Ⅱ   5
   Ⅲ 10
   Ⅳ   5
Histology
   Squamous carcinoma 18
   Adenocarcinoma   2

1According to the American Joint Committee on Cancer 2006 Guidelines.
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�ther p��a����� a�d ��ig�i��ca�t di��ere�ce �a�� ��u�d ����y� i� 
9F and 1A (P < 0.05). Figure 1 depicts the dose distribu-
tion of  c-IMRT and �MAT in a cervical EC patient.

OAR
The absolute plan parameters for lungs, heart and spinal 
cord are summarized in Table 4. D�H of  OAR in one 
patient were shown in Figure 2.

The reduction trend of  lung parameters (�5, �10, 
�20 and �30) was similar between the two techni-
ques, except for MLD. In cervical and upper thoracic 
EC, MLD, �20 and �30 by �MAT were reduced by 
0.6%-2.9%, 2.1%-10.7% and 13.2%-17.3%, respec-
tively. �5 and �10 of  lung by �MAT in cervical and 
upper thoracic EC were increased by 5.5%-7.7% and 
10.5%-12.6%, respectively. In middle and lower thoracic 
EC, �MAT resulted in increased �5 (10.6%-13.3%), 
�10 (18.4%-21.8%) and MLD (2%-2.3%), but decreased 
�20 (5.5%-15.5%) and �30 (13.2%-18.2%). Statistically 
��ig�i��ca�t di��ere�ce �a�� ��u�d bet�ee� ���� �1� �r 
2A) and c-IMRT (5F, 7F and 9F) for �5, �10, �20 and 
�30�� but ��r �LD�� there �a�� ��ig�i��ca�t di��ere�ce be-
tween �MAT (1A or 2A) and c-IMRT (5F, 7F) (P < 0.05).

For the heart, �MAT reduced �30, �40 and �50 as 
compared with c-IMRT, especially in thoracic cases. �30 

by �MAT was reduced by 33.5%, 10.7% and 21.6%, 
�40 by 36%, 15.1% and 21.7%, and �50 by 39.3%, 
29.7% and 38% in the upper, middle and lower thoracic 
EC, respectively. �MAT (1A or 2A) reduced �30 and 
�40 (5F, 7F and 9F) in thoracic EC, and �50 in middle 
and lower thoracic EC (P < 0.05). However, no dif-
ference was found in the Dmax of  spinal cord between 
�MAT and c-IMRT.

NTCP results are shown in Table 5. �MAT (1A or 
2�� ��ig�i��ca�t��y� ����ered the N�CP i� c���pari���� �ith 
c-IMRT (5F, 7F and 9F) in cervical and upper thoracic 
ca��e���� �hi��e there �a�� ��ig�i��ca�t di��ere�ce bet�ee� 2� 
and 5F in middle and lower thoracic cases (P < 0.05). 
The trend of  cardiac NTCP in �MAT was similar with 
lungs in thoracic EC, especially in middle and lower tho-
racic EC (P < 0.05).

It was worth noting that Dmean and maximal doses to 
the humeral head (HHmean and HHmax) in �MAT were 
dramatically increased in comparison with c-IMRT in 
cervical and upper thoracic EC (Table 4). Compared 
with c-IMRT, HHmean in �MAT was increased by almost 
three times in cervical EC and four times in upper tho-
racic EC (P < 0.05). HHmax in �MAT was twice higher 
in cervical EC and three times higher in upper thoracic 
EC than that in c-IMRT (5F and 7F) (P < 0.05). 
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Table 2  Parameters used in normal tissue complication probability

Organ Size factor (n ) Slope (m) TD5/5 (Gy) TD50/5 (Gy) End point

Lung 0.87 0.18    17.5    24.5 Pneumonitis
Heart 0.35 0.10 40 48 Pericarditis
Spinal cord 0.05   0.175 47    66.5 Myelitis/necrosis

TD5/5: Tolerance dose leading to 5% complication rates at 5 years; TD50/5: Tolerance dose leading to 50% complication rates at 5 years.

Table 3  Dosimetric results for planning target volume and monitor units

Variable IMRT-5F IMRT-7F IMRT-9F VMAT-1A VMAT-2A P < 0.05 

Dmean

   Cervical 63.68 ± 0.37 63.07 ± 0.36 62.55 ± 0.39 63.97 ± 0.08 63.63 ± 0.49 2A vs 7F and 9F
   Upper 63.30 ± 0.66 62.74 ± 0.49 62.38 ± 0.34 63.90 ± 0.45 63.43 ± 0.63 1A, 2A vs 7F and 9F
   Middle 64.12 ± 1.03 64.05 ± 1.27 63.88 ± 1.27 64.83 ± 1.06 64.21 ± 0.59 1A vs 5F and 9F
   Lower 63.14 ± 0.90 63.20 ± 1.09 62.98 ± 0.87 64.17 ± 1.26 63.98 ± 1.36 1A vs 5F, 7F and 9F
HI
   Cervical   1.10 ± 0.01   1.09 ± 0.01   1.07 ± 0.01   1.11 ± 0.00   1.10 ± 0.01 1A, 2A vs 7F and 9F
   Upper   1.09 ± 0.02   1.08 ± 0.01   1.07 ± 0.01   1.10 ± 0.01   1.09 ± 0.02 1A vs 7F and 9F; 2A vs 9F
   Middle   1.11 ± 0.02   1.11 ± 0.03   1.11 ± 0.03   1.12 ± 0.02   1.11 ± 0.01 1A vs 9F
   Lower   1.09 ± 0.02   1.09 ± 0.03   1.09 ± 0.02   1.11 ± 0.04   1.11 ± 0.03 1A vs 9F
CI  
   Cervical   0.63 ± 0.03   0.66 ± 0.02   0.74 ± 0.04   0.78 ± 0.03   0.80 ± 0.03 2A vs 5F, 7F, 9F and 1A
   Upper   0.62 ± 0.04   0.66 ± 0.03   0.73 ± 0.02   0.79 ± 0.03   0.80 ± 0.02 1A, 2A vs 5F, 7F and 9F
   Middle   0.62 ± 0.09   0.67 ± 0.08   0.71 ± 0.10   0.76 ± 0.05   0.74 ± 0.08 1A, 2A vs 5F and 7F
   Lower   0.64 ± 0.05   0.67 ± 0.05   0.71 ± 0.05   0.76 ± 0.05   0.77 ± 0.04 1A, 2A vs 5F and 7F
MU
   Cervical 1088 (921-1157)  1261 (1094-1393)   1236 (1004-1413)  610 (546 -665) 525 (452-590) 2A vs 5F, 7F, 9F and 1A
   Upper 1110 (841-1244) 1251 (950-1377)   1334 (1040-1592) 679 (538-825)   682 (475-1004) 1A, 2A vs 5F, 7F and 9F
   Middle 831 (707-980)  903 (808-1086)   999 (858-1219) 418 (347-459) 431 (376-503) 1A, 2A vs 5F, 7F and 9F
   Lower 826 (721-966)  923 (720-1234) 1086 (958-1375) 440 (387-540) 419 (347-531) 1A , 2A vs 5F, 7F and 9F

IMRT: Intensity modulated radiotherapy; VMAT: Volumetric modulated arc therapy; F: Coplanar field; A: Arc; HI: Homogeneity index; CI: Conformity 
index; Dmean: Mean dose; MU: Monitor units.
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Monitor units
The c-IMRT plans required an increased MU per frac-
tion when the field was increased whereas the �MAT 
plans usually resulted in lower MU when rotating arcs 
were increased. 1A plans required at least 50% or 60% 
less than 9F in cervical and upper EC or middle and 
lower EC (P < 0.05). The difference between �MAT 
(1A and 2A) and c-IMRT (5F, 7F and 9F) remained sig-
�i��ca�t �P < 0.05) in all the cases. Detailed information 
about MU is shown in Table 3.

DISCUSSION
In the present study, �MAT proved to be slightly better 

than c-IMRT for targeting dose distribution in EC of  
all locations, and to have equivalent or better OAR dose 
sparing and lower NTCP. We initiated a dosimetric and 
radiobiological comparison in the EC of  all locations in 
this study. The results indicated that �MAT could gen-
erate better radiotherapeutic plans than sliding window 
IMRT.

�MAT is a complex form of  IMRT that allows dose 
delivery in single or multiple arcs. Two arcs allowed 
superior modulation factor during optimization due to 
the independent optimization, and unrelated sequence 
of  MLC shape, gantry speed and dose rate combina-
tions. This approach provided adequate coverage of  
PT� and spare of  OARs at least equivalent to c-IMRT, 
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Organ Variable c-IMRT (5F, 7F, 9F) VMAT (1A, 2A) Relative reduction (%) P  < 0.05

In cervical and upper thoracic
   Lung (Gy) MLD1     12.65 (12.38-13.04)   12.57 (12.35-12.79)         0.6 2A vs 7F, 9F; 1A vs 7F

MLD2     14.35 (13.91-14.76)   13.94 (13.74-14.14)         2.9 2A vs 7F, 9F
V51     48.52 (46.28-50.52)   51.20 (51.03-51.37)        -5.5 1A, 2A vs 5F, 7F
V52     61.53 (57.51-65.06)   66.25 (66.07-66.43)        -7.7 1A , 2A vs 5F, 7F
V101     39.30 (37.41-41.58)   43.44 (43.23-43.65)      -10.5 1A , 2A vs 5F, 7F; 2A vs 9F
V102     48.17 (44.18-52.07)   54.25 (53.70-54.79)      -12.6 1A , 2A vs 5F, 7F, 9F
V201     24.70 (23.93-25.16)   24.17 (23.08-25.26)         2.1 1A vs 5F
V202     25.58 (24.29-26.23)   22.85 (21.94-23.76)       10.7 NS
V301     14.96 (14.42-15.33)   12.99 (12.99-12.99)       13.2 1A, 2A vs 5F, 7F, 9F
V302     14.52 (14.27-15.00)   12.01 (11.58-12.04)       17.3 1A, 2A vs 5F, 7F; 2A vs 9F

   Heart (%) V301 6.83 (5.7-7.41) 5.30 (4.57-5.62)       22.4 NS
V302     15.20 (13.62-16.96) 10.11 (9.98-10.24)       33.5 1A vs 7F, 9F, 2A
V401   4.33 (3.55-5.08) 2.68 (2.45-2.91)       38.1 NS
V402     8.32 (7.00-10.33) 5.30 (5.08-5.22)    36 1A vs 5F, 7F, 9F; 2A vs 5F
V501   2.62 (2.07-3.09) 1.44 (1.43-1.45)    45 NS
V502   4.33 (3.44-5.53) 2.63 (2.59-2.67)       39.3 NS

   Spinal cord (Gy) Dmax
1     37.92 (37.53-38.32)   37.74 (37.31-38.17)         0.5 NS

Dmax
2     37.85 (37.41-38.43)   38.41 (38.05-38.76)        -1.5 NS

   Head of humerus Dmax
1   10.00 (5.97-17.59)   21.88 (20.80-22.95)    -118.8 1A , 2A vs 5F, 7F, 9F

   (Gy) Dmax
2   7.57 (6.47-9.61)   26.44 (26.35-26.52)    -249.3 1A , 2A vs 5F, 7F

Dmean
1   3.24 (2.07-4.71)   12.27 (11.85-12.69)    -278.7 2A vs 5F, 7F, 9F, 1A

Dmean
2   2.89 (1.47-4.86)   15.26 (14.61-15.90) -428 2A vs 5F, 7F, 9F, 1A

In middle and lower thoracic
   Lung (Gy) MLD3  15.03 (14.86-15.27)   15.38 (15.24-15.51)    -2.3 1A, 2A vs 5F, 7F

MLD4  15.37 (15.01-15.81)   15.67 (15.51-15.82) -2 1A vs 5F
V53  74.86 (71.00-79.05)   82.83 (82.72-82.93)   -10.6 1A, 2A vs 5F, 7F, 9F
V54  79.36 (72.43-85.85)   89.91 (89.77-90.04)   -13.3 1A, 2A vs 5F, 7F, 9F
V103  55.14 (52.64-58.66)   65.26 (64.75-65.76)   -18.4 1A, 2A vs 5F, 7F, 9F
V104  59.56 (54.27-64.76)   72.54 (72.04-73.03)   -21.8 1A, 2A vs 5F, 7F; 2A vs 9F
V203  24.39 (23.84-24.96)   23.05 (22.28-23.81)      5.5 2A vs 7F, 9F, 1A
V204  25.32 (24.48-26.66)   21.40 (20.69-22.11)    15.5 1A, 2A vs 5F
V303  12.64 (12.08-13.01)   10.97 (10.88-11.06)    13.2 1A,2A vs 5F, 7F; 2A vs 9F
V304  11.13 (10.55-12.20) 9.10 (8.58-9.62)    18.2 1A, 2A vs 5F, 7F; 2A vs 9F

   Heart (%) V303  47.30 (46.61-48.20)   42.26 (40.72-43.79)    10.7 1A vs 5F, 7F, 9F
V304  72.16 (67.81-78.60)   56.55 (55.52-57.57)    21.6 1A vs 5F, 7F, 9F; 2A vs 5F
V403  26.89 (24.86-28.14)   22.84 (20.98-24.69)    15.1 1A vs 7F
V404  33.53 (30.63-38.19)   26.27 (26.21-26.32)    21.7 2A vs 5F
V503  14.06 (12.50-16.06)   9.89 (8.93-10.85)    29.7 1A vs 5F, 7F, 9F
V504  17.99 (14.48-22.87)   11.16 (10.93-11.39) 38 1A, 2A vs 5F; 2A vs 7F, 9F

   Spinal cord (Gy) Dmax
3  39.03 (38.91-39.15)   38.70 (38.54-38.86)      0.8 NS

Dmax
4  37.61 (37.45-37.91)   37.99 (37.78-38.20) -1 NS

Wilcoxon’s signed ranks test. 1Cervical thoracic esophageal cancer; 2upper thoracic esophageal cancer; 3middle thoracic esophageal cancer; 4lower thoracic 
esophageal cancer. c-IMRT: Conventional sliding window intensity-modulated radiotherapy; VMAT: Volumetric-modulated arc therapy; MLD: Mean dose 
of lungs; Dmax: Maximal dose; Dmean: Mean dose; F: Coplanar field; A: Arc; VX: The percentage of organ receiving a dose > X Gy; NS: Not significant. 

Table 4  Dosimetric comparison for organs at risk of conventional sliding window intensity-modulated radiotherapy and volumetric-
modulated arc therapy in cervical and upper thoracic esophageal cancer, and in middle and lower thoracic esophageal cancer, mean 
value (range)



�hi��e it c�u��d reduce ��ig�i��ca�t��y� the treat��e�t ti��e a�d 
the number of  MU required in the morbidities, such as 
head and neck cancer, intracranial tumor, breast cancer, 
glioma, and carcinoma of  the anal canal[14,17,20,21]. In the 
present study, �MAT using 2A achieved better results 
than using 1A.

First, the PT� volumes were larger in cervical and 
upper EC series due to pathological characteristics and 
biological behavior of  carcinoma in these regions, and 
presented T-shaped from a posteroanterior view. In 
head and neck carcinoma, due to more complex target 
volume, 7F or 9F are constantly used in c-IMRT to 

meet the requirements of  dose distribution, HI and CI 
of  PT�[22,23]. Our results were consistent with this. PT� 
c��erage i� c-���� �ith 5F �a�� ��e���� qua��i��ed i� c���-
parison with 7F or 9F. Both �MAT and c-IMRT result-
ed in abundant Dmean in PT� (63.94 Gy and 63.53 Gy in 
1A and 2A vs 63.49 Gy, 62.90 Gy, 62.46 Gy in 5F, 7F and 
9F). �MAT proved to be superior to c-IMRT in terms 
of  MU and CI, but slightly inferior to c-IMRT in terms 
��  H�. We a����� c����r��ed that ���� �ith 2� achie�ed 
better results than 1A in terms of  conformity and ho-
mogeneity. For the heart, �MAT showed a lower per-
centage of  �30, �40 or �50. For lungs, �MAT provided 
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Table 5  Normal tissue complication probability results for organs at risk

Organ IMRT-5F IMRT-7F IMRT-9F VMAT-1A VMAT-2A P < 0.05 

Lung
   Cervical 0.24 ± 0.14 0.24 ± 0.15 0.32 ± 0.22 0.22 ± 0.18 0.13 ± 0.09 1A vs 9F; 2A vs 5F, 7F, 9F
   Upper 0.73 ± 0.62 0.77 ± 0.66 0.84 ± 0.71 0.41 ± 0.37 0.30 ± 0.23 1A vs 7F, 9F; 2A vs 5F, 7F, 9F
   Middle 0.62 ± 0.48 0.59 ± 0.48 0.60 ± 0.47 0.57 ± 0.45 0.50 ± 0.41 2A vs 5F
   Lower 0.59 ± 0.45 0.59 ± 0.50 0.67 ± 0.46 0.57 ± 0.54 0.46 ± 0.37 2A vs 5F
Heart
   Cervical 0 0 0 0 0 NS
   Upper   0.02 (0-0.12)   0.02 (0-0.09)        0 (0-0.02) 0 0 NS
   Middle        0.61 (0.05-1.07)        0.94 (0.01-4.24)        0.31 (0.01-1.17) 0.13 (0-0.58) 0.21 (0-0.80) 1A vs 5F, 7F, 9F
   Lower          6.66 (1.14-16.04)        1.97 (0.11-5.09)        1.76 (0.07-5.95) 1.32 (0-5.81) 0.66 (0-1.59) 1A vs 5F, 9F; 2A vs 5F, 7F, 9F
Spinal cord
   Cervical 0 0 0 0 0 NS
   Upper 0 0 0 0 0 NS
   Middle 0.002 (0-0.01) 0.006 (0-0.03) 0.008 (0-0.04) 0 0 NS
   Lower 0 0 0 0 0 NS

IMRT: Intensity-modulated radiotherapy; VMAT: Volumetric modulated arc therapy; F: Coplanar field; A: Arc; NS: Not significant.

Yin L et al . �A�T and c-I�RT in esophageal cancer

c-I�RT 5F c-IMRT 7F c-I�RT 9F ��AT 1A ��AT 2A

Figure 1  Dose distributions in a cervical esophageal cancer patient planed by conventional sliding window intensity-modulated radiotherapy (5 fields, 7 
fields and 9 fields) and volumetric-modulated arc therapy (�� arc and �� arcs)�olumetric-modulated arc therapy (�� arc and �� arcs)� (�� arc and �� arcs)� IMRT: Intensity-modulated radiotherapy; VMAT: Volumetric modulated arc therapy; F: 
Coplanar field; A: Arc; Orange line: Planning target volume; Blue line: Spinal cord; Color wash areas: Receiving ≥ 100% of the dose (60 Gy).
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better sparing in terms of  �20 and �30. The results of  
radiobiological NTCP comparison demonstrated that 
�MAT was superior to c-IMRT either in lungs or heart (P 
< 0.05). Yin et al[24] compared 7F in IMRT with �MAT 
plans for cervical EC, and found that there were differ-
ences between �MAT and IMRT in HI and MU, but not 
in CI, which are consistent with our results, but lung �5 

in �MAT (1A 51.4, AX 49.3 and 7F 50.9) was reduced 
while lung �30, �40, �50 and MLD were increased. 
In our study, lung �5 in �MAT was slightly increased 
(1A 51.37, 2A 51.03, and 7F 48.77), but �30 (1A 12.99, 
2A 12.99, 7F 14.42) and MLD (1A 12.79, 2A 12.35 7F 
12.52) were lower than in c-IMRT. The difference in �5, 
�30 and MLD may be due to that they avoided a certain 
angle in the �MAT plan with 2A, and this caused the 
reduction of  the volume of  irradiated lungs. One of  the 
particular interesting phenomena in �MAT is the in-
crease trends of  mean or maximal radiation doses to the 
humeral head. This may be because that humeral head is 
adjacent to the target volume in the cervical and upper 
EC and the rotating mode of  �MAT thus increased the 
irradiation volumes of  the humeral head. However, clini-
cal evidence on the acceptable humeral head constraints 
for IMRT remains scarce in literature. Nevertheless, ac-
cording to the tolerated doses and clinical data of  bone 
joints, such as femoral head and neck or temporoman-
dibular joint[25,26], the maximum doses to humeral heads 
in the cervical EC (1A 34.00 Gy and 2A 33.82 Gy) or 
upper thoracic EC (1A 44.33 Gy and 2A 41.03 Gy) were 
considered acceptable, but we should pay attention to 
this performance and its potential risk.

Subsequently, the results obtained in cervical and 
upper thoracic EC were almost seen in middle and 
lower thoracic EC, with a PT� of  smaller volume but 
surrounded by more lungs and heart. In thoracic and 
epigastric cases, except for a few complex cases, 5-7F 
of  c-IMRT could meet most of  the clinical dosimetric 
requirements. In our study, an ideal homogeneity was 
achieved in 5F or 7F of  IMRT. With increase of  the 
��e��d�� i� c-���� �r d�ub��i�g arc i� ������ d���e di��tri-
bution in PT� became more optimal in terms of  better 
conformity and similar homogeneity. The trends were 
��ig�i��ca�t��y� di��ere�t �P < 0.05) between �MAT(1A and 
2A) and c-IMRT(5F and 7F). Recently, �an Benthuysen 
et al[27] demonstrated that �MAT had the advantage to 
decrease treatment times over c-IMRT, while providing 
similar OAR sparing and PT� coverage, but lower ho-
mogenous dose distribution in lower EC. In our study, 
we found that in the middle and lower thoracic EC, 
H� �a�� ��i��i��ar i� ���� a�d c-����. We did ��t ���d 
a significant difference between 5F or 7F IMRT and 
�MAT for these trends. For lesions in this region, more 
volumes of  heart and lungs were involved in the irradia-
tion area, mean doses to lungs and heart were elevated 
markedly and HI was also inferior to cervical and upper 
EC. Becau��e ��u�g ti����ue ������ed �ith air �a�� ��ig�i��ca�t��y� 
less dense than other body tissues, as a result of  het-
erogeneity corrections in radiation treatment planning 
systems, optimization procedures produced substantial 
dose non-uniformity in PT� caused by the effect of  
surrounding lung tissues. To further optimize the dose 
in the target volume, dose heterogeneity was achieved 
by loosening the constraints on the maximum doses in 
PT�. It may result in insufficient dose in PT� or the 
creation of  clinically significant hotspots in the PT� 

Figure ��  Dose-volume histogram of organs at risk and planning target 
volume for volumetric-modulated arc therapy and conventional slidingolumetric-modulated arc therapy� a�d co��e�tio�al �lidi�g a�d co��e�tio�al �lidi�g 
wi�dow i�te��ity�-modulated radiotherapy� i� a lower thoracic e�ophageal 
cancer patient� Volumetric�modulated arc therap�� �V�A��� with dou�le arcs �tri�olumetric�modulated arc therap�� �V�A��� with dou�le arcs �tri� �V�A��� with dou�le arcs �tri-
angle�� and conventional sliding window intensit���modulated radiotherap�� �c�I�R��� 
with 7 fields �squares�� and 5 fields �round��. �he planning target volume is shown 
in orange, the lungs in green �A��, heart in red �B�� and spinal cord in �lue �C��. F: 
Coplanar field; A: Arc; VX: �he percentage of organ receiving a dose > X G��.
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and surrounding normal tissue structures. The National 
Comprehensive Cancer Network Guidelines recommend 
dose limits for selecting critical normal structures, i.e., 
the spinal cord doses should not exceed 45 Gy, and one-
third of  the heart should receive less than 50 Gy. The 
dosimetric parameters of  lung injury risk were mainly 
studied on lung cancer irradiation, the increased risk of  
radiation pneumonitis correlated with heterogeneous pa-
rameters, such as MLD, the percentage of  lung volume 
receiving at least 20 Gy (�20), 13 Gy (�13), 10 Gy (�10) 
or 5 Gy (�5), in which �20 was a recognized indicator 
c����r��ed by� ��e�era�� ��tudie��. Ba��ed �� p����ed data �r��� 
540 patients irradiated for thoracic malignancy, the cal-
culated risk of  grade ≥ 2 pneumonitis was 43%, 18%, 
and 11% for the MLD of  24-36, 16-24 and 8-16 Gy, 
respectively. In our study, MLD was controlled below 16 
Gy and it was acceptable. For conventionally fraction-
ated regimens (2 Gy/fraction), �20 and MLD were the 
traditional parameters used to predict for lung toxicity, 
however, emerging data suggested that percentage of  
lung volume receiving lower doses may be predictive of  
pulmonary toxicity. �MAT plans offered the potential to 
��ig�i��ca�t��y� e��ca��ate the c��erage ��  the ����-d���e area 
(�5 and �10) because all doses were deposited within 
the plane of  the arc, instead of  being spread out in non-
coplanar directions. Mean �5 in �MAT was beyond 
80% and it might increase the potential pulmonary tox-
icity. Wei et al[28] found that �30 > 46% and < 46% was 
associated with rates of  pericardial effusion of  73% and 
13%, respectively. The ischemic segments usually occur 
in volumes irradiated to a dose of  45 Gy or more. In our 
study, �40 and �50 were achieved in both �MAT and 
c-IMRT, but �30 was higher due to lower constrained 
priority. In �MAT, 1A achieved better results than 2A 
for less irradiation volumes of  heart and lungs. In com-
parison with 5F or 7F, �MAT reduced �20 and �30 of  
lungs, and �30, �40 and �50 of  heart. Besides, Hawkins 
et al[29] evaluated the capability of  �MAT to reduce heart 
and cord dose while maintaining lung �20 < 20% in 
lower gastroesophageal tumors. IMRT (4F) and �MAT 
p��a��� ��h��ed that ���� pr��ided a ��ig�i��ca�t reduc-
tion in heart �30 (31% vs 55%) with a better CI in a 
shorter time. But �30 (2A 57.57 vs 5F 78.6) in our study 
was higher because our prescribed dose (60 Gy) was 
higher than theirs (54 Gy). NTCP of  heart and lungs 
were common indicators in radiobiological assessment 
to indicate the tendency in plan comparison. �MAT 
had a trend with a lower NTCP of  lungs and heart, but 
��tati��tica�� ��ig�i��ca�ce ����y� exi��ted ��r ��u�g�� bet�ee� 5F 
and 2A in lower EC, as for heart, between c-IMRT and 
1A in middle thoracic EC, and between c-IMRT and 2A 
in lower EC (P < 0.05). Therefore, regarding the correla-
tion between dosimetric parameters and OAR toxicity, 
�e did ���d a ��uperi�r tre�d i� ���� t� c-����. Wa�g 
et al[30] also conducted a planning comparison for EC 
between �MAT (1A and 2A) and 7F IMRT, and found 
that �MAT plan, especially using double arcs, could im-
prove OAR sparing (lung �20 and �30, heart �30 and 
�40) and lower MUs without compromised target quali-

ties as compared with IMRT. This was consistent with 
�ur ���di�g��.

�MAT reduced the number of  required MU[31], be-
cause it was performed simultaneously with rotation by 
a dynamic MLC adaptation to the target volume during 
the rotation. Using double arcs, the rotation in clock-
wise and counter clock-wise directions allows diminished 
25 s off-time between the two arcs[32]. The number of  
MU required is higher due to the sliding window tech-
nique. c-IMRT plans in this study offered wider than 15 
cm in the direction of  the MLC motion necessitating 
splitting into two sequences and doubling the number 
��  ��e��d��. By� c��tra��t�� ��e ��  the dra�back�� ��  c-���� 
was the potential risk of  second cancer. Theoretically, 
the significant reduction of  MU by �MAT decreases 
scattered dose and may reduce the risk of  secondary ma-
lignancies. The impact of  irradiation of  healthy tissues at 
low doses remains unresolved with the use of  �MAT.

In conclusion, �MAT treatment plan was slightly 
better than c-IMRT in terms of  PT� coverage. It pro-
vided an equivalent or better lungs and heart dose spar-
i�g�� ��ig�i��ca�t reducti�� ��  N�CP a�d �U per �racti��. 
For cervical and upper EC, PT� was T-shaped across 
neck and chest, �MAT achieved fairly uniform dose 
distribution, but the 2A provided the best CI in all plans, 
a�d ���� ��ig�i��ca�t��y� i�crea��ed the d���e�� ��  hu��era�� 
head. For middle and lower EC, in which PT� involved 
more lungs, �MAT plans offered the most conformal 
d���e di��tributi�� a�d the p�te�tia�� t� ��ig�i��ca�t��y� e��ca-
late the coverage of  lungs at low doses.

COMMENTS
Background
Esophageal cancer �EC�� is ver�� common in China and other developing 
countries. Radiotherap�� is a major non�invasive treatment method with a high 
efficac�� rate for EC. Innovative technologies have �een developed in radiation 
deliver�� such as intensit���modulated radiotherap�� �I�R���, and volumetric mod-
ulated arc therap�� �V�A��� is a relativel�� new form of I�R�. �here are several 
new interesting techniques in I�R�, �ut few evaluations have �een availa�le in 
term of their efficienc�� and safet��. 
Research frontiers
�here have �een few studies to compare the two radiotherap�� techniques, 
particularl�� in EC. V�A� had alread�� �een investigated for some cancers. In 
this stud��, the authors further compared the V�A� plans and the conventional 
sliding window I�R� plans in EC of different anatomic regions.
Innovations and breakthroughs
Previous dose comparison studies showed that V�A� was a�le to produce 
similar or improved dose distri�utions, while achieving a reduction in treatment 
time and monitor units ��U��. However, results are different in EC a�out dose 
to organs at risk �OAR�� due to varia�le limitation conditions. Normal tissue 
complication pro�a�ilit�� �N�CP�� of OAR in the V�A� plan, a common indicator 
in radio�iological assessment, is still not clear in EC. In the present stud��, the 
authors showed that V�A�, especiall�� 2 arcs, slightl�� improved the OAR dose 
sparing for some organs, such as lungs and heart, and reduced the N�CP and 
�U with a �etter planning target volume coverage.
Applications
�his stud�� provides a new insight into �etter understanding of the V�A� plan 
characteristics in EC of different anatomical parts, and la��s the foundation for 
further clinical studies in VMAT. 
Terminology
I�R� is a three�dimensional conformal radiotherap�� developed �ased on 
inverse planning optimization to modulate intensit�� �eams using multi�leaf 
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collimator ��LC��, this technique offers improvement in target dosimetric cover-
age. �here are different I�R� deliver�� techniques, including “step and shoot”, 
sliding window modes and a rotational technique �V�A���. Conventional sliding 
window I�R�, in which the leaves are adjusted with fixed gantr��, is a common 
form which is �eing used in clinical practice. V�A�, in which dose rates, gantr�� 
speed and d��namic �LC motion are all varia�le during gantr�� arc rotation, is a 
novel form of I�R� in recent ��ears.
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I�R� is developing a lot in Radiation Oncolog�� Departments for a few ��ears. 
�here are several ver�� interesting technics �ut still few real evaluations in terms 
of efficienc�� and safet��. Comparing two technics is ver�� interesting even if it’s 
“onl��” a dosimetric comparison. �his kind of comparisons of recent technics are 
not ver�� frequent, particularl�� in EC �ut are developing a lot this last few ��ears. 
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