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Abstract: Aims: This study is to compare the therapeutic effects by different longitudinal margin of gross tumor vol-
ume (GTV), and to explore the optimization of clinical tumor volume (CTV) in radical chemoradiotherapy of esopha-
geal squamous cell carcinoma (ESCC). Method: ESCC patients treated with chemoradiotherapy for the first time
in our hospital from May 2009 to November 2013 were retrospectively analyzed. All the patients were treated by
radiotherapy with concurrent chemotherapy and divided into two groups: CTV1 group (GTV longitudinal external
expansion length was less than 3 cm) and CTV2 group (GTV longitudinal external expansion length was more than
3 cm). The survival time and incidence of serious side effects of patients was compared. Results: Among the 142
cases of patients, 81 cases belonged to CTV1, and 61 cases belonged to CTV2. There was no significant difference
in overall survival (OS) and local failure free survival (LFFS) at year 1, 3, 5 after treatment between the two groups.
The incidence of serious side effects more than 3 levels including radiation pneumonitis, radiation esophagitis
and esophageal fistula was less than 5% in both groups, and the data in CTV1 was relatively lower. The T stage
of American Joint Committee on Cancer (AJCC) before treatment was the independent prognostic factor affecting
0S. Conclusion: In radical chemoradiotherapy for ESCC, the OS and the LFFS of patients with a CTV delineated ac-
cording to a GTV longitudinal external expansion length less than 3 cm is not lower than that of patients with a CTV
delineated according to a GTV longitudinal external expansion length more than 3 cm. The incidence of serious side
effects more than 3 levels was lower compared with the latter. The results may provide a reference for optimization
of CTV in thechemoradiotherapy of ESCC.
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Introduction

The incidence of esophageal cancer ranks the
8™ in global tumor incidence companied by
a mortality which ranks the 6" in the world
[1]. In China, more than 95% of esophageal
cancer patients are with esophageal squa-
mous cell carcinoma (ESCC) [2]. Radiotherapy
is an important method in treatment of eso-
phageal cancer. According to ICRU (Internation-
al Commission on Radiation Units and Mea-
surements) No 62 document, clinical tumor
volume (CTV) includes CTV of esophageal pri-
mary lesion (CTV-T) and CTV of lymph drainage
area (CTV-N). However, the length of the gross
tumor volume of primary tumor (GTV-T) extend-
ed along the longitudinal axis of the esopha-
geal primary tumor to constitute the CTV-T is
still controversial. CTV-T of esophageal cancer

is consisted of main tumor and secondary
tumor lesions including direct invasion, intra-
mural metastasis, multi-center origin lesions,
vascular invasion, lymph node micrometasta-
ses and isolated tumor cells, et al [3]. Research
of Tsutsui et al [4] on 400 cases of postopera-
tive pathology samples showed that 95% of
esophageal cancer infiltrated directly in a range
of no more than 30 mm. But there still have
report that the metastasis distance of tumor
can be up to 13 cm away from the primary
tumor [5]. Gao et al reported that the irradia-
tion field of 94% subclinical lesions of ESCC
patients needed to be expanded externally for
30 mm [6]. It still has many different opinions
in the expansion from the GTV-T to CTV-T.
Clinical studies have shown that radiotherapy
in large and complete radiation field includ-
ing full esophagus and all mediastinal can not
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Table 1. Clinical data of patients in CTV1 group and

radical chemoradiotherapy in our hospital
from May 2009 to November 2013. The

clinical data of patients was included in
Table 1. Informed consent was signed by

CTV2 group
Clinical data CT(Y}: grlo)“p CT(\igrio)“p Va’rue
Age (years old)
Median 62 62 0.419
Range 42-88 43-82
Gender
Female 20 (25%) 14 (23%) 0.845
Male 61 (75%) A7 (T7%)
Pathologic type
Squamous cell 79 58 0.433
Non squamous cell 2 3
Primary site of tumor
Neck section 7 5 0.745
Upper thoracic 32 19
Middle thoracic 34 27
Lower thoracic 6 7
Multicenter source 2 3
T stage
T1 1 0 0.686
T2 5 2
T3 30 25
T4 45 34
N stage
NO 44 32 0.826
N+ 37 29
Concurrent chemotherapy
Yes 32 26 0.708
No 49 35

all the patients and certified by Ethics
Committee of the First Affiliated Hospital
of Xiamen University.

Radiotherapy

According to the longitudinal external ex-
pansion length of GTV, the patients were
treated with radical chemoradiotherapy
and divided into two groups of CTV1 group
(Supplementary Figure 1) and CTV2 group

(Supplementary Figure 2). In CTV1 group,
the longitudinal external expansion length

was less than 3 cm. In CTV2 group, the lon-
gitudinal external expansion length was
more than 3 cm. According to the sixth edi-
tion of AJCC Cancer Staging Manual [5]
and location of tumor, clinical tumor vol-
ume of lymph node was delineated from
bilateral supraclavicular, along level 2,
level 4, level 5, and level 7, until 3 cm
under carina in upper thoracic, from level
2, along level 4, level 5, level 7, and level 8,
until the lower boundary of CTV-T in middle
thoracic, and from level 4, along level 5,
level 7, level 8, cardia side, lesser curva-
ture, until the left gastric lymph node in
lower thoracic, respectively. Planning tar-
get volume (PTV) was formed by expanding

improve the local control rate and survival of
patients with esophageal cancer, but cause in-
tolerable toxicity to patients instead [7, 8].

It is obviously that the shrink of CTV can reduce
irradiation field, and thus reduce the incidence
of side effects, such as radiation peneumonitis.
However, how long should the GTV-T expand in
longitudinal axis is still in debate.

This paper retrospectively analyzed the differ-
ent therapeutic results in different CTV delin-
eated by external longitudinal expansion of
GTV-T in esophageal cancer patients.

Method and materials
Information of patients

A retrospective analysis was performed on 142
patients diagnosed with ESCC and completed
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externally for 0.5 cm on the basis of GTVs

and CTVs respectively. For GTV-T and GTV
of lymphnode, the total dose of 60 Gy/30-33
times (1.8 Gy-2.0 Gy each time) for 5 days every
week was used. For CTVs, the total dose of 50
Gy/25-28 times (1.8 Gy-2.0 Gy each time) was
used. The 95% PTV were required to be treated
with a dose more than 95% prescription dose.

Chemotherapy

Patients of phase Il or above received concur-
rent chemotherapy from the first day of radio-
therapy. Program 1 was preferred in chemo-
therapy, and program 2 was selected if there
was paclitaxel allergy. Patients aged over 70
years did not receive the concurrent chemo-
therapy. Program 1: Cisplatin was used with a
dose of 25 mg/m? and cisplatin treatment last-
ed for 3 days. Paclitaxel was used with a dose
of 135 mg/m? on the first day of chemotherapy.
Two treatment courses were performed, with
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cluded data of patients sur-
viving with or without tumor
and data of patients died of
complications of radiotherapy
or other diseases. Survival
time was time from the be-
ginning of radiotherapy until
death or the end of following-
up. Reexamination was per-
formed once each 3 months
in 2 years and 6 months from
3 to 5 years after treatment.
Examination included CT sca-
nning on chest, esophageal
barium meal, esophagoscopy
and abdominal ultrasound,
and body bone scanning in
patients with bone pain. Until
the deadline of the follow-
ing-up on April 1%t 2015, all
the 142 cases were follow-
ed up completely with a me-
dian time of 31 months (2
months to 55 months).

Statistical analysis

All the measurement data
were presented as mean +
standard deviation (SD). Sta-
tistical analysis was perform-
ed using SPSS 19.0 soft pa-
ckage. x? test was used to
compare the difference of
the characteristics of the
two groups. Log-Rank test
was conducted to analyze
survival difference. Kaplan-
Meier and Cox’s Proportional-
ly Hazards Regression Model
were performed to analysis

the interval time of 28 days. Program 2: Cis-
platin was used with a dose of 25 mg/m? and
cisplatin treatment lasted for 3 days. Then a
5-day-continuous use of 5-fluorouracil (5-FU)
in a dose of 500 mg/m? was performed. Two
treatment courses were performed, with the
interval time of 28 days.

Following-up of patients

The following-up started from the beginning of
radiotherapy till to the deadline. Data of pa-
tients died of esophageal cancer were classi-
fied as complete data, and censored data in-
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the risk factors affecting survival time. Re-
gression analysis was used to compare the
rate of complications. P < 0.05 was consider-
ed significantly different.

Results
Survival analysis

To determine the difference in therapy efficacy
and prognosis between the two groups, all the
cases were followed up after treatment, and
the survival and local recurrence of patients
were analyzed statistically. Overall survival (OS)
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Table 2. The incidence of side effects of
radiotherapy

CTV1 group CTV2 group
(n=81) (n=61)
Pulmonary 0 1
Esophageal 2 2
Note: Side effects were clarified according to the acute
radiation injury criteria of Radiation Therapy Oncology
Group (RTOG). There was no significant difference be-

tween the two groups detected using regression analysis.
P=0.437.

Side effects (=3 grade)

Table 3. Differences of effects of part clinical
data on OS

x?value  Pvalue

Gender 0.651 0.420
Age 0.064 0.800
Primary site 4.26 0.372
Pathological differentiation 0.265 0.876
AJCC T stage 14.7 0.002
CTV classification 0.003 0.953

Note: The age of 65 years old was considered to be the
boundary of age. Differences were detected by Log-Rank
Test.

time for each patient was shown in Supple-
mentary Table 1. Till the end of following-up, 50
cases of the total 81 cases died of tumor or
tumor relevant complications in CTV1 group,
and the OS at 1, 3, and 5 years after treatment
of this group was 67.9%, 34.1% and 30.3%,
respectively. And, 37 cases of the total 61
cases died of tumor or tumor relevant compli-
cations in CTV2 group, and the OS at 1, 3, and
5 years after treatment of this group was
61%, 43% and 32%, respectively (Figure 1).
The local failure free survival (LFFS) for each
patient was shown in Supplementary Table 2. It
was found that the local failure free survival
(LFFS) at 1, 3, and 5 years after treatment was
87.4%, 24.4% and 8.1% in CTV1l group and
88.8%, 27.6% and 7.9% in CTV2 group, respec-
tively (Figure 2). Log-Rank Test showed no sig-
nificant difference between data of the two
groups. The results indicated that there was no
significant difference in therapy efficacy and
prognosis between the two groups.

Side effects
According to the acute radiation injury classifi-

cation criteria from Therapy Oncology Group
(RTOG), the incidence of late side effects more
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than 3 levels which were related with esopha-
gus and lung were lower than 5% in both group.
There was only one case of esophageal fistula
in each group. Regression analysis results sh-
owed no significant difference between the two
groups (Table 2).

Clinical factors, efficacy and prognosis

To clarify if the efficacy and prognosis of the
two groups were related with clinical factors,
Cox regression were conducted to analyze the
effects of gender, age, primary tumor site, path-
ological type and AJCCT stage on OS. It was
found that there was no significant difference
between clinical factors mentioned above ex-
cept AJCCT stage (Table 3).

Discussion

In this paper, different CTV delineated by an
longitude external expansion distance of 3 cm
or more than 3 cm of GTV, to clarify the differ-
ent therapeutic effects of chemoradiotherapy
on ESCC. The 0S, incidence of severe side
effects and LFFS between the two groups were
compared. The optimization of CTV in radical
chemoradiotherapy of ESCC was discussed.

Clinical studies have shown that radiotherapy
combined with concurrent chemotherapy can
improve the survival in esophageal cancer [7,
8]. However, the large and complete radiation
field causes intolerable toxicity to patients and
the range of GTV external expansion in treat-
ment has not been clarified yet [8, 17-19]. In
our study, results showed that there was no sig-
nificant difference in OS and LFFS of patients
treated on different CTV, which was delineated
by the external expansion distance along the
longitudinal axis of GTV (£ 3 cm or > 3 c¢cm) in
radical chemoradiotherapy of ESCC. This indi-
cates that in radiotherapy for esophageal can-
cer, an external expansion distance less than
3 cm of GTV along esophageal longitudinal axis
is conductive to further refine CTV of esopha-
geal cancer and may reduce side effects of
radiotherapy. Our results were consistent with
results of published papers. For example, But-
ton [21] collected 145 patients with esopha-
geal cancer received radical chemoradiothera-
py. All the patients were treated on the same
external expansion boundary of subclinical le-
sions, which was a 2 cm external expansion
up and down the primary tumor GTV defined by
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endoscopic ultrasonography and (or) CT and
a 1 cm external expansion surrounding eso-
phageal tube. The results showed that the fail-
ure rate occurred in irradiation field was only
4%. However, most of the subjects in Button’s
research are patients with adenocarcinoma,
which has a different biologic character to ours.

Since the incidence of severe side effects after
radiotherapy of esophageal cancer, such as
radiation pneumonitis, is not low [16], it is pos-
sible to reduce the incidence of these com-
plications if the therapy target area can be fur-
ther refined. Our results also showed that the
incidence of severe side effects was lower in
patients with the CTV-T formed by a 3 cm exter-
nal expansion of GTV along the longitude axis,
compared with that in patients with the CTV
formed by a more than 3 cm external expan-
sion of GTV along the longitude axis under the
same therapeutic conditions. In addition, due
to the advances in imaging technology, it is
possible to find a smaller lymph node metas-
tasis and improve the efficacy of radiation ther-
apy. For example, new imaging technologies
like PET/CT are more sensitive to find out lym-
ph node metastasis of esophageal cancer ear-
lier than CT. Okada M et al [22] conducted a
retrospective analysis on 210 patients diag-
nosed with esophageal cancer pathologically.
The analyzed data included preoperative stan-
dardized uptake value (SUV) of PET/CT and
image data of venous enhanced CT of lymph
node before surgeryon lymph nodes. It was
found that the positive predictive value on
lymph nodes of PET/CT was higher than that
of venous enhanced CT. Kato et al [23] ana-
lyzed the preoperative images of 167 patients
with thoracic ESCC treated with surgery. The
results showed that PET/CT was more sensi-
tive in diagnosis of neck, upper mediastinum,
and abdominal lymph nodes compared to PET.
Therefore, we speculate that it may be a fur-
ther research direction to define the metasta-
tic lymph nodelesion of esophageal cancer
using PET/CT images. In addition, due to the
continuous advent of chemotherapy drugs, it
is possible to rely on chemotherapy to Kill the
tiny metastatic lesions, which can not be dete-
cted by the new imaging technology such as
PET/CT. Hence the radiation therapy target can
be refined.

In conclusion, the OS and LFFS of patients
treated on CTV formed by a 3 cm external ex-
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pansion of GTV in this study was not lower
than that in patients with a more than 3 cm
external expansion of GTV on the same thera-
peutic condition, and the incidence of severe
side effects of radiotherapy in the former group
was lower. The results suggest that it is feasible
to define GTV with a 3 cm external expansion
as CTV-T treated in radical chemoradiotherapy
of ESCC. And, it is conducive to further refine
the CTV of ESCC and thus may reduce the inci-
dence of severe side effects of radiotherapy.
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Supplementary Figure 1. Images of one patient selected randomly from group CTV1. A-D was the horizontal, coro-

nal, sagittalplane of the target and the dose distribution of the radiationplan. The red, orange and green lines were
used to contour GTV, CTV, and PTV, respectively.

Supplementary Figure 2. Images of one patient selected randomly from group CTV2. A-D was the horizontal, coro-

nal, sagittalplane of the target and the dose distribution of the radiationplan. The red, orange and green line were
used to contour GTV, CTV, and PTV, respectively.
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Supplementary Table 1. Overall survival time for each
patient

Patient Gross tumor volume longitudinal Overall survival
no. expansion length (cm) Death time (month)
2 <3cm No 68.30
4 <3cm No 70.43
6 >3cm No 66.26
10 <3cm No 65.05
15 >3cm No 63.90
24 >3cm No 45.14
29 <3cm No 44.84
32 <3cm No 44.78
39 >3cm No 43.23
45 >3cm No 43.07
48 >3cm No 42.77
59 <3cm No 40.70
60 <3cm No 46.52
62 >3cm No 39.95
76 <3cm No 37.32
77 >3cm No 35.87
78 >3cm No 35.81
80 <3cm No 35.25
85 >3cm No 32.88
89 >3cm No 31.96
92 <3cm No 31.96
95 >3cm No 30.35
102 <3cm No 29.89
108 >3cm No 31.21
109 <3cm No 31.73
112 <3cm No 34.62
118 <3cm No 28.18
121 >3cm No 28.05
124 <3cm No 28.91
126 <3cm No 27.53
127 <3cm No 27.13
129 <3cm No 26.44
139 >3cm No 25.06
140 >3cm No 24.96
146 <3cm No 24.54
148 <3cm No 23.85
149 >3cm No 23.91
151 <3cm No 23.81
162 >3cm No 22.53
169 >3cm No 21.09
172 <3cm No 20.86
178 <3cm No 20.00
179 >3cm No 20.92
185 >3cm No 19.08

186 <3cm No 19.71
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18.62
19.71
17.31
17.31
14.00
22.21
29.01
27.66
26.02
39.69
13.40
12.02
10.78
6.21
42.50
10.51
10.91
6.70
13.96
10.32
7.46
8.90
6.47
18.37
26.32
7.49
21.13
12.55
12.35
8.25
47.77
42.77
25.82
22.60
18.79
17.41
10.41
9.53
19.12
6.90
5.82
19.09
9.63
8.05
5.82
15.21
38.51
17.18
2.79
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11.56
10.12
10.35
3.52
11.63
4.63
11.24
8.97
8.25
31.34
15.38
5.78
13.17
38.34
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Supplementary Table 2. The local failure free survival (LFFS)
for each patient

Patient Gross tumor volume longjtudinal Local Local failure free

no. expansion length (cm) failure survival (month)
2 <3cm No 68.30
4 <3cm No 70.43
6 >3cm No 66.26
10 <3cm No 65.05
15 >3cm No 63.90
24 >3 cm No 45.14
29 <3cm No 44.84
32 <3cm No 44.78
39 >3cm No 43.23
45 >3 cm No 43.07
48 >3cm No 42,77
59 <3cm No 40.70
60 <3cm No 46.52
62 >3 cm No 39.95
76 <3cm No 37.32
77 >3cm No 35.87
78 >3cm No 35.81
80 <3cm No 35.25
85 >3cm No 32.88
89 >3cm No 31.96
92 <3cm No 31.96
95 >3 cm No 30.35
102 <3cm No 29.89
108 >3 cm No 31.21
109 <3cm No 31.73
112 <3cm No 34.62
118 <3cm No 28.18
121 >3cm No 28.05
124 <3cm No 28.91
126 <3cm No 27.53
127 <3cm No 27.13
129 <3cm No 26.44
139 >3cm No 25.06
140 >3cm No 24.96
146 <3cm No 24.54
148 <3cm No 23.85
149 >3cm No 23.91
151 <3cm No 23.81
162 >3 cm No 22.53
169 >3 cm No 21.09
172 <3cm No 20.83
178 <3cm No 20.00
179 >3cm No 20.92
185 >3cm No 19.08

186 <3cm No 19.71
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12.00
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