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Abstract
AIM: To establish the feasibility of simultaneous modu-
lated accelerated radiation therapy (SMART) in esopha-
geal cancer (EC).

METHODS: Computed tomography (CT) datasets of 10 
patients with upper or middle thoracic squamous cell EC 
undergoing chemoradiotherapy were used to generate 
SMART, conventionally-fractionated three-dimensional 
conformal radiotherapy (3DCRT) and intensity-modulat-
ed radiation therapy (cf-IMRT) plans, respectively. The 
gross target volume (GTV) of the esophagus, positive 
regional lymph nodes (LN), and suspected lymph nodes 
(LN±) were contoured for each patient. The clinical 
target volume (CTV) was delineated with 2-cm longitu-
dinal and 0.5- to 1.0-cm radial margins with respect to 
the GTV and with 0.5-cm uniform margins for LN and 

LN(±). For the SMART plans, there were two planning 
target volumes (PTVs): PTV66 = (GTV + LN) + 0.5 cm 
and PTV54 = CTV + 0.5 cm. For the 3DCRT and cf-
IMRT plans, there was only a single PTV: PTV60 = CTV 
+ 0.5 cm. The prescribed dose for the SMART plans 
was 66 Gy/30 F to PTV66 and 54 Gy/30 F to PTV54. 
The dose prescription to the PTV60 for both the 3DCRT 
and cf-IMRT plans was set to 60 Gy/30 F. All the plans 
were generated on the Eclipse 10.0 treatment planning 
system. Fulfillment of the dose criteria for the PTVs re-
ceived the highest priority, followed by the spinal cord, 
heart, and lungs. The dose-volume histograms were 
compared.

RESULTS: Clinically acceptable plans were achieved 
for all the SMART, cf-IMRT, and 3DCRT plans. Com-
pared with the 3DCRT plans, the SMART plans in-
creased the dose delivered to the primary tumor (66 
Gy vs  60 Gy), with improved sparing of normal tissues 
in all patients. The Dmax of the spinal cord, V20 of the 
lungs, and Dmean and V50 of the heart for the SMART 
and 3DCRT plans were as follows: 38.5 ± 2.0 vs  44.7 
± 0.8 (P  = 0.002), 17.1 ± 4.0 vs  25.8 ± 5.0 (P  = 0.000), 
14.4 ± 7.5 vs  21.4 ± 11.1 (P  = 0.000), and 4.9 ± 3.4 
vs  12.9 ± 7.6 (P  = 0.000), respectively. In contrast to 
the cf-IMRT plans, the SMART plans permitted a simul-
taneous dose escalation (6 Gy) to the primary tumor 
while demonstrating a significant trend of a lower ir-
radiation dose to all organs at risk except the spinal 
cord, for which no significant difference was found.

CONCLUSION: SMART offers the potential for a 6 
Gy simultaneous escalation in the irradiation dose de-
livered to the primary tumor of EC and improves the 
sparing of normal tissues.
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Core tip: The feasibility of simultaneous modulated ac-
celerated radiotherapy (SMART) in the treatment of up-
per or middle thoracic esophageal cancer is evaluated 
in this study. Computed tomography datasets of 10 
patients were used to generate SMART, conventionally-
fractionated three-dimensional conformal radiotherapy 
(3DCRT) and intensity-modulated radiotherapy (cf-
IMRT) plans, respectively. The prescribed dose for the 
SMART plans was 66 Gy/30 F to the gross tumor and 
54 Gy/30 F to subclinical diseases. The dose for both 
the 3DCRT and cf-IMRT was 60 Gy/30 F to a single tar-
get volume. The results demonstrate that SMART can 
offer the potential for a 6 Gy simultaneous escalation in 
the dose delivered to the primary tumor of esophageal 
cancer and improve normal tissue sparing compared 
with 3DCRT and cf-IMRT.
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INTRODUCTION
Based on the results of  the Radiation Therapy Oncol-
ogy Group (RTOG) phase Ⅲ intergroup trials RTOG 
85-01 and 94-05, the standard therapy for patients with 
localized esophageal cancer (EC) selected for nonsurgi-
cal treatment is radiation therapy (RT) plus concurrent 
chemotherapy with a standard radiation dose of  50.4 
Gy[1-3]. Although there is significant variation in the range 
of  acceptable doses (50-66 Gy) and in the acceptable 
chemotherapeutic regimens, local-regional failure after 
chemoradiation remains a significant clinical problem.

The techniques for radiation planning, tumor imag-
ing, and radiation delivery have advanced rapidly over 
the past several decades. The benefits of  simultaneous 
radiation dose escalation for tumors at other anatomic 
sites in terms of  improved local control and survival have 
been demonstrated, and dose escalation could logically 
be expected to also apply to EC[4-6]. A study including dis-
tal EC conducted at the M.D. Anderson Cancer Center 
demonstrated that using a simultaneous integrated boost 
(SIB) technique could increase the dose to the gross 
target volume (GTV) while simultaneously reducing the 
dose to adjacent critical structures[7].

Since EC is one of  the most common malignant 
diseases in China (with an estimated incidence and mor-
tality of  approximately 22.4 and 16.8 per 100000 inhab-
itants, respectively, in 2009), this issue is of  a particular 
importance[8]. In contrast to reports from other coun-
tries, squamous cell carcinoma (SCC) is the predominant 
pathology for EC diagnosed in China. In addition, this 

malignant disease commonly occurs in the upper or 
middle thoracic esophagus in China, whereas it is more 
often found in the distal esophagus in western countries. 
Therefore, investigating different treatment paradigms 
for SCC of  the esophagus arising from the upper or 
middle thoracic esophagus is essential and meaningful.

In order to evaluate the potential clinical benefit of  
SMART in EC, we initiated a phase Ⅱ clinical trial 
(NCT01670409)[9]. This study represents the preliminary 
results of  said trial, aiming to establish the feasibility 
of  SMART in EC and compare it dosimetrically with 
conventionally-fractionated three-dimensional radiation 
therapy (3DCRT) and intensity-modulated radiation 
therapy (cf-IMRT).

MATERIALS AND METHODS
The computer tomography (CT) datasets of  10 patients 
with pathologically confirmed upper or middle tho-
racic esophageal squamous cell carcinoma treated with 
chemoradiation at the Cancer Hospital of  Shantou Uni-
versity Medical College were identified. This retrospec-
tive study was approved by the institutional ethics com-
mittee. Informed consent was obtained from all subjects 
prior to the study. The CT datasets were acquired using 
a 16-slice CT scanner (Philips Brilliance CT Big Bore 
Oncology Configuration, Cleveland, OH, United States) 
for all patients. Immobilization was achieved using a 
thermoplastic shell with arms resting at both sides of  
the body in the supine position. The CT images were 
delivered to the Eclipse 10.0 treatment planning system 
(Varian Medical Systems, Palo Alto, CA, United States) 
for target volume, organs at risk (OAR) contouring, and 
subsequent treatment planning.

Target volumes and prescribed doses
The GTV of  the EC, positive regional lymph nodes (LN), 
and suspected lymph nodes [LN(±)] were contoured by 
the attending radiation physician for each patient. The 
GTV was defined using CT images, endoscopic report, 
and barium swallow fluoroscopy. The mediastinal or 
supraclavicular lymph node with the shortest axis ≥ 10 
mm was defined as positive, and the paraesophageal or 
tracheoesophageal groove lymph node (the shortest axis 
< 10 mm but ≥ 5 mm) was defined as LN(±). The clini-
cal target volume (CTV) was delineated with 2-cm lon-
gitudinal and 0.5- to 1.0-cm radial margins with respect 
to the GTV for all patients, and with 0.5-cm uniform 
margins for LN and LN(±), edited from the surrounding 
vessels, lung, and bone. Planning target volumes (PTVs) 
were derived from the GTV + LN or CTV plus a uni-
form 0.5-cm margin. For the SMART plans, there were 
two PTVs: PTV66 = (GTV + LN) + 0.5 cm and PTV54 
= CTV + 0.5 cm. For the 3DCRT and cf-IMRT plans, 
there was only a single PTV: PTV60 = CTV + 0.5 cm. 
The clinical information and target volume are shown in 
Table 1. OAR contours were created for the spinal cord 
(planning risk volume or SC-PRV), lungs, and heart.

The prescribed dose for the SMART plans was 66 
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Table 1  Patient and tumor characteristics

Gy/30 F to PTV66 (delivered in 2.2-Gy fractions) and 54 
Gy/30 F to PTV54 (delivered in 1.8-Gy fractions). The 
dose prescription to the PTV60 for both the 3DCRT and 
cf-IMRT plans was set to 60 Gy/30 F at 2 Gy/fraction.

Planning objectives
For each patient, SMART, 3DCRT, and cf-IMRT plans 
were generated on the Eclipse 10.0 treatment planning 
system with the same goals and objectives. The plan-
ning objectives for PTV were 100% of  the PTV volume 
receiving the prescribed dose, with V107% < 5% and V93% 

< 1% (Vn% = percentage of  the PTV covered by n% of  
the prescribed dose). The planning objectives for OARs 
were defined as follows: spinal cord, Dmax (maximum 
dose) < 45 Gy; spinal cord planning risk volume (SC-
PRV), Dmax < 50 Gy; heart, V40 (Vm = % of  the whole 
OAR receiving ≤ mGy) < 100%, V45 < 67% and V50 < 
33%; lungs, V20 < 30%, V10 < 50% and V5 < 60%. In the 
optimization process, fulfillment of  the dose criteria for 
the PTVs received the highest priority, followed by the 
spinal cord, heart, and lungs. Only when the criteria for 
PTVs were fulfilled was the system considered sparing 
of  OARs.

Planning techniques
The SMART and cf-IMRT plans were generated using a 
sliding window dynamic delivery with 5 coplanar beams 
(angles: 210°/300°/0°/60°/150°). The beam arrange-
ments of  the 3DCRT plans were selected and optimized 
based on the PTV location, shape, extension, and relation-
ship to relevant OARs, included the anterior beam + two 
posterior oblique fields in 6 cases, 4-field box in 2 cases, 
and parallel-opposed anteroposterior-posteroanterior por-
tals followed by parallel-opposed oblique fields in 2 cases.

All plans were designed to be delivered using 6-MV 
photon beams from a Varian Truebeam linear accelerator 
(Varian Medical Systems, Palo Alto, CA, United States) 
equipped with an MLC with 120 leaves (spatial resolu-
tion of  5 mm at the isocenter for the central 20 cm and 
10 mm for the outer 20 cm). Both SMART and IMRT 
plans were optimized by selecting a maximum DR of  600 
MU/min. Plan optimization in both the SMART and cf-
IMRT cases was completely disentangled from the dose 

calculation and performed with the IMRT Dose Volume 
optimizer (DVO), which was implemented in Eclipse 
10.0. The maximum number of  iterations was set at 1000, 
with the maximum time set at 100 min. The goal of  the 
optimization was considered to be reached and the pro-
cess terminated when the value of  the objective function 
approached a minimum and showed no further decrease 
in value. The dose calculation was performed using the 
Anisotropic Analytical Algorithm (AAA, version 8.6.02) 
using a grid of  2.5 mm.

Evaluation of the plans and statistical analysis
Quantitative evaluation of  the plans was performed us-
ing the standard dose-volume histogram (DVH). For 
the PTVs, the parameters included the mean dose, V93%, 
V95%, V100%, and V107%. For the OARs, the analysis includ-
ed the mean dose, maximum dose, and a set of  appro-
priate Vm values. The average cumulative DVH for the 
PTVs and OARs was constructed from the individual 
DVHs. These histograms were obtained by averaging the 
corresponding volumes for the entire patient cohort for 
each dose bin of  0.05 Gy.

The Statistical Package for Social Sciences (SPSS, 
version 19.0, Chicago, IL) was used for statistical analysis 
in the present study. Comparisons of  the DVHs were 
performed using paired, two-tailed Student’s t-test. A 
Wilcoxon matched-pair signed-rank test was alternatively 
used when the data did not follow a normal distribution. 
The results were considered statistically significant for 
P-values less than 0.05.

RESULTS
Target coverage
Clinically acceptable plans were achieved for all the 
SMART, cf-IMRT, and 3DCRT plans. Table 2 shows the 
numerical findings from the DVH analysis of  the PTV 
and OARs. The data are presented as averages over the 
investigated patients, with errors indicating inter-patient 
variability at one standard deviation level.

SMART vs 3DCRT
Compared with the 3DCRT plans, the SMART plans 
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No. Site Stage1 V-GTV (cc) V-LN (cc) V-PTV66 (cc) V-PTV60/54 (cc)

1 Upper T2N1M1b 11.5 11 80 206.3
2 Middle T3N0M0 18.1   0    49.1 151.2
3 Upper T3N1M1a 38.8   3  102.1 253.3
4 Upper T3N1M0 25.4      1.3 75 191.6
5 Upper T3N2M0 16.9   1    47.8 196.4
6 Middle T3N1M0 24.6   6    86.8 197.6
7 Middle T4N1M1b 32.1      2.7    82.5 214.4
8 Middle T3N0Mo 15.8   0    42.5 149.9
9 Middle T3N0Mo 14.9   0 41 144.6
10 Upper T3N0Mo 16.1   0    45.5 161.9

1According to the 2002 American Joint Committee on Cancer staging system. V-GTV: Volume of gross target tumor; V-LN: Volume of lymph node; V-PTV: 
Volume of planning target volume.
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Table 2  Averaged over ten patients dose-volume histograms parameters of organs at risk with P -value for comparison

SMART IMRT 3DCRT P value

SMART vs  IMRT SMART vs  3DCRT
Cord Dmax 38.5 ± 2.0 39.5 ± 0.9 44.7 ± 0.8 0.660  0.0021

D1cc 35.6 ± 2.2 36.3 ± 1.2 41.6 ± 1.6 0.266 0.000
SC-PRV Dmax 44.5 ± 1.9 47.1 ± 2.7 59.3 ± 2.2  0.0101  0.0021

D1cc 40.8 ± 2.5 42.5 ± 2.2 52.9 ± 3.8  0.0271  0.0021

Heart Dmean 14.4 ± 7.5 16.2 ± 8.5   21.4 ± 11.1 0.000 0.000
V20   34.1 ± 18.9   38.1 ± 21.9   42.7 ± 22.4 0.005 0.000
V30   18.2 ± 10.0   21.8 ± 11.6   38.0 ± 21.0 0.001 0.001
V40   9.4 ± 5.7 12.2 ± 7.2   25.3 ± 16.3 0.001  0.0021

V50   4.9 ± 3.4   7.0 ± 4.6 12.9 ± 7.6 0.001 0.000
Lung Dmean   9.0 ± 1.7   9.9 ± 1.8 12.4 ± 2.1 0.000 0.000

V5 47.6 ± 9.7   50.4 ± 10.2 51.0 ± 9.9 0.000 0.017
V10 34.7 ± 7.4 37.6 ± 7.6 40.6 ± 8.1 0.000 0.002
V13 27.3 ± 5.9 30.2 ± 6.1 34.7 ± 7.3 0.000 0.000
V20 17.1 ± 4.0 20.2 ± 4.3 25.8 ± 5.0 0.000 0.000
V30   3.6 ± 1.3   4.7 ± 1.6 13.4 ± 4.8 0.000 0.000

1By Wilcoxon matched-pair signed-rank test using exact method. SMART: Simultaneous modulated accelerated radiation therapy; IMRT: Intensity-modu-
lated radiation therapy; 3DCRT: Three-dimensional conformal radiotherapy; SC-PRV: Spinal cord planning risk volume.

Figure 1  Dose distributions on three axial views of one esophageal cancer case for simultaneous modulated accelerated radiation therapy (left) and three-
dimensional conformal radiotherapy (right) plans.
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increased the dose delivered to the primary tumor (66 
Gy vs 60 Gy), with improved sparing of  normal tissues 
in all patients. The Dmax of  the spinal cord, V20 of  the 
lungs, and Dmean and V50 of  the heart for the SMART 
and 3DCRT plans were as follows: 38.5 ± 2.0 vs 44.7 ± 0.8 
(P = 0.002), 17.1 ± 4.0 vs 25.8 ± 5.0 (P = 0.000), 14.4 ± 
7.5 vs 21.4 ± 11.1 (P = 0.000), and 4.9 ± 3.4 vs 12.9 ± 7.6 
(P = 0.000), respectively. The dose distributions and cor-
responding DVHs for the SMART and 3DCRT plans in 
one patient are shown in Figures 1 and 2.

SMART vs cf-IMRT
In contrast to the cf-IMRT plans, the SMART plans per-
mitted a simultaneous dose escalation (6 Gy) to the pri-
mary tumor while demonstrating a significant trend of  a 
lower irradiated dose to all organs at risk except the spi-
nal cord, for which no significant difference was found. 
The dose distributions and corresponding DVHs for the 
SMART and cf-IMRT plans in one patient are shown in 
Figures 3 and 4.

DISCUSSION
The most widely accepted radiation technique for EC 
is 3DCRT, in which the GTV and a margin are typically 
treated with a uniform radiation dose of  50-60 Gy in 
25-30 fractions. However, in our approach described in 
the current study, we hypothesize that the GTV and CTV 
should receive different radiation intensities because 
these areas have different densities of  cancer cells[10]. Fur-
thermore, the fractionated schedule for EC has remained 
1.8-2.0 Gy per fraction for several decades, although the 
radiation techniques and imaging modalities have ad-
vanced significantly during this time. Therefore, investi-
gating the application of  modern radiotherapy techniques 
in EC with multiple target volumes, depending on the 
risk of  disease, is important.

There is increasing evidence that tumor clonogen 
proliferation during conventional radiotherapy is a sig-
nificant factor responsible for relapse in SCC of  the 

upper respiratory and digestive tracts[11,12]. The acceler-
ated repopulation of  tumor cells occurs as the tumor 
shrinks, resulting in a more favorable microenvironment 
that allows tumor cells to proliferate. These factors may 
be an important aspect leading to local failure after ra-
diotherapy. Nishimura et al[13] analyzed the local control 
and survival of  patients with EC treated with radical 
radiation therapy, with a particular emphasis on the total 
treatment time and dose per fraction. They reported a 
2.3% decrease in local control per day of  delay in tu-
mors treated with radiotherapy. Kajanti et al[14] reported 
a similar finding in an analysis of  353 EC SCC patients 
treated with radical radiotherapy. They also found that 
the overall decrease in treatment time was beneficial for 
the treatment of  EC. Thus, avoiding a prolonged overall 
treatment time and increasing the radiation biologically 
equivalent dose (BED) are critical components for im-
proving the locoregional control of  EC.

SMART is a novel radiation technique that has been 
widely applied in head and neck cancer, non-small cell 
lung cancer, and prostate cancer. Using this technique, 
the gross tumor and sites of  subclinical disease are 
treated with different doses depending on the clinical 
risk. Although a traditional fractionation schedule typi-
cally uses the same daily radiation dose, it is implicit 
with SMART that dose acceleration is present from the 
beginning of  treatment, thus reducing the effect of  ac-
celerated tumor repopulation. In addition, a growing 
body of  evidence now suggests that tumor recurrence 
is associated with failure to eradicate cancer stem cells. 
These cells, which are tumorigenic and are capable of  
self-renewal, are thought to be relatively radioresistant, 
and a high dose per fraction may be required for effec-
tive cell killing[15-17].

In this study, we report a comparison among SMART, 
3DCRT, and cf-IMRT in EC patients to determine the 
feasibility of  applying the SMART technique in EC pa-
tients (cases located in the distal esophagus were excluded 
in the current study). We found that SMART can offer 
the potential for a 6 Gy simultaneous escalation in doses 
delivered to the primary tumor and can improve normal 
tissue sparing compared with 3DCRT and cf-IMRT.

Previously, we performed a dosimetric study showing 
that cf-IMRT has a more conformal distribution of  dose 
and better spinal cord sparing than 3DCRT, and can 
reduce the volume of  the lung that receives a dose of  
10 Gy or higher[18]. The current study also demonstrates 
that SMART could provide a significant and clinically 
relevant dosimetric benefit in greater sparing of  OARs 
than 3DCRT. This result is consistent with other recently 
published reports[19,20].

Our data also suggest that SMART allows a 6 Gy dose 
escalation for the GTV, with a significant trend of  a low-
er irradiated dose to all OARs except the spinal cord, in 
which no significant difference was found. One explana-
tion could be that the dose prescribed to the subclinical 
disease was reduced from 60 Gy to 54 Gy, allowing more 
freedom to spare the neighboring tissues. Dogan et al[21] 
compared different IMRT boost delivery methods re-
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Figure 2  Dose volume histogram of one esophageal cancer case for the 
simultaneous modulated accelerated radiation therapy (solid line) and 
three-dimensional conformal radiotherapy (dashed line) plans. SMART: 
Simultaneous modulated accelerated radiation therapy; 3DCRT: Three-dimen-
sional conformal radiotherapy; PTV: Planning target volume.
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garding target coverage and normal-tissue sparing in 15 
patients with head-and-neck, lung, and prostate cancer. 
The results indicated that SIB-IMRT could markedly re-
duce doses to critical structures. The conformity of  the 
SIB-IMRT plans was also superior to that obtained with 
both sequential-IMRT techniques. Welsh et al[7] reported 
a planning study in distal EC using the SIB technique to 
deliver a boost dose of  radiation to GTV. In that study, 
the CTV and PTV received a standard IMRT dose of  
50.4 Gy (1.8 Gy per fraction), and the dose to the GTV 
was simultaneously escalated to 64.8 Gy (28 fractions at 
2.3 Gy per faction). Their results suggested that the use 
of  SIB-IMRT allowed an increased dose to the GTV 
while simultaneously reducing the dose to the normal 
heart, lung, and liver. In the present report, we demon-
strate similar findings for patients with cervical, upper, 
or middle thoracic EC, using the SMART technique.
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Figure 3  Dose distributions on three axial views of one esophageal cancer case for conventionally-fractionated three-dimensional conformal radiotherapy 
and intensity-modulated radiation therapy (left) and conventionally-fractionated intensity-modulated radiation therapy (right) plans.
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Figure 4  Dose volume histogram of one esophageal cancer case for the 
simultaneous modulated accelerated radiation therapy (solid line) and 
conventionally-fractionated intensity-modulated radiation therapy (dashed 
line) plans. SMART: Simultaneous modulated accelerated radiation therapy; 
IMRT: Intensity-modulated radiation therapy; PTV: Planning target volume.
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Clinical data obtained in the treatment of  lung cancer 
with external beam radiotherapy to very high doses have 
shown that severe esophagitis is rare, indicating that the 
esophagus may be more tolerant to external beam ra-
diotherapy than common models have suggested[22]. The 
recent Quantitative Analyses of  Normal Tissue Effects 
in the clinic review concluded that multiple volumetric 
parameters predict esophageal toxicity with conventional 
fractionation and suggests that up to 74 Gy may be tol-
erated by small volumes[23,24]. In the present study, the 
volume of  the normal esophagus that received a dose 
greater than 60 Gy was minimal. Further radiotherapy 
dose escalation approaches should be carefully evaluated 
in prospective clinical trials, particularly when combining 
the technique with various systemic chemotherapies.

In the current study, nodal drainage regions were not 
routinely included in the CTV for prophylactic irradiation 
unless in the presence of  positive lymph nodes or sus-
pected lymph nodes of  high risk. However, improved im-
aging techniques, such as positron emission tomography-
computed tomography, allow for a more precise delinea-
tion of  both the primary tumor and the involved lymph 
nodes[25-28]. Advances in image-guided techniques will 
continue to increase the accuracy of  radiotherapy[29-31]. 
Additional studies have shown that the 3D image-guided 
radiation therapy technique can effectively detect setup 
errors of  patients with EC undergoing RT, thereby re-
ducing PTV margins. These advances will further reduce 
the radiation dose to critical organs and may translate 
into lower treatment-related toxicities[32,33].

In summary, this study demonstrates that SMART 
can offer the potential for a 6 Gy simultaneous esca-
lation in the dose delivered to the primary tumor of  
EC and improve normal tissue sparing compared with 
3DCRT and cf-IMRT. Further studies are warranted to 
evaluate the clinical benefits of  SMART.
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Research frontiers
The techniques for radiation planning, tumor imaging, and radiation delivery 
have advanced rapidly over the past several decades. The benefits of simulta-
neous radiation dose escalation for tumors at other anatomic sites in terms of 
improved local control and survival have been demonstrated, and dose escala-
tion could logically be expected to also apply to EC.

Innovations and breakthroughs
The most widely accepted radiation technique for EC is three-dimensional 
conformal radiotherapy (3DCRT), in which the gross target volume (GTV) 
and a margin is typically treated with a uniform radiation dose of 50-60 Gy in 
25-30 fractions. In this study, we hypothesize that the GTVs and clinical target 
volume should receive different radiation dose intensities because these areas 
have different densities of cancer cells. Furthermore, an accelerated treatment 
schedule with moderate hypo-fractionation may improve the tumor locoregional 
control. Simultaneous modulated accelerated radiation therapy (SMART) is 
a novel radiation technique that has been widely applied in head and neck 
cancer, non-small cell lung cancer, and prostate cancer. Using this technique, 
the gross tumor and sites of subclinical disease are treated with different doses 
depending on the clinical risk. The authors report a comparison among SMART, 
3DCRT, and conventionally-fractionated intensity-modulated radiation therapy 
(cf-IMRT) in EC patients to determine the feasibility of applying the SMART 
technique in EC patients. The authors found that SMART can offer the potential 
for a 6 Gy simultaneous escalation in dose delivered to the primary tumor and 
can improve normal tissue sparing compared with 3DCRT and cf-IMRT.
Applications
The study results suggest that SMART can offer the potential for a 6 Gy si-
multaneous escalation in the dose delivered to the primary tumor of EC and 
improve normal tissue sparing compared with 3DCRT and cf-IMRT. Further 
studies are warranted to evaluate the clinical benefits of SMART.
Peer review
Since esophageal cancer is still one of the most difficult clinical problems, all re-
search done in this field is of a great importance. Radiotherapy in the treatment 
of esophageal cancer remains significant. This research leads to implementa-
tion of advanced radiotherapy techniques in esophageal cancer treatment and 
thus better control of the disease.
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