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Background: The optimal extent of clinical target volume (CTV) for postoperative radiotherapy in
complete resection thoracic esophageal squamous cell carcinoma (ESCC) patients remains controversial.
This study aimed to evaluate the primary outcome of postoperative radiotherapy with small T-shaped field
encompassing the tumor bed, positive lymph node areas, bilateral supraclavicular areas, and upper and
middle mediastinal areas.

Methods: A total of 96 thoracic ESCC patients were enrolled, with 49 and 47 cases in the small T-shaped
field group and tumor bed field group, respectively. All of the patients received intensity-modulated
radiotherapy (IMRT), and chemotherapy was administrated concurrently or sequentially. The median time
of follow-up was 25 (range, 7-47) months.

Results: At the end of the follow-up period, in the small T-shaped field group, 8 (16.3%) patients had
locoregional recurrence (LRR) and 12 (24.5%) had distant metastasis (DM), while in the tumor bed field
group, 15 (31.9%) patents had LRR and 11 (23.4%) had DM. Although the rates of LRR and DM were not
statistically different, LRR incidence in the mediastinal lymph nodes of the small T-shaped field group was
strikingly lower than that of the tumor bed field group. The overall survival (OS) of the small T-shaped field
group was higher than that of the tumor bed field group, but the difference was not statistically significance.
In addition, we observed grade 2 radiation pneumonitis and grade 2 radiation esophagitis in both groups;
all of these side effects were tolerable and controllable, and none of the patients experienced > grade
3 pneumonitis, esophagitis, esophageal stricture, or life-threatening hemorrhage.

Conclusions: In conclusion, radiotherapy with small T-shaped field might be a feasible and efficacious
postoperative approach for ESCC patients.
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Introduction for resectable locally advanced esophageal carcinoma (3),

. . . surgical removal usually represents the initial treatment
Esophageal carcinoma is one of the most common malignant

tumors worldwide, and is the sixth leading cause of cancer- for the most thoracic esophageal squamous cell carcinoma
related mortality (1), with nearly half of all new cases occurring (ESCC) patients in China. However, the therapeutic outcome

in China (2). Although neoadjuvant therapy is recommended of surgery alone is not satisfactory, and the recurrence rate is
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as high as 43.3-50.0% (4,5). Locoregional recurrence (LRR)
and distant metastasis (DM) are still the major reasons for
postoperative failure. Therefore, postoperative radiotherapy
and chemoradiotherapy have been proposed for the treatment
of ESCC. Accumulating evidence highlights the improved
effects of these postoperative regimens on overall survival (OS)
and disease-free survival (DFS) compared with surgery alone
in ESCC patients (6-10).

Due to the intricate lymphatic drainage of the esophagus
with cervical, mediastinal, and celiac nodes, there is
no consensus on the optimal range of postoperative
radiotherapy for ESCC (11,12). Lymph node metastasis
of ESCC has the characteristics of longitudinal metastasis
along the submucosal lymphatic network and skip
metastasis, so the standard clinical target volume (CTV)
should encompass the tumor bed, bilateral supraclavicular
areas, mediastinal lymph nodes, as well as the cardia and
left gastric lymph nodes (13-16). Theoretically, the full
coverage of sub-clinical areas could reduce the incidence of
LRR within the irradiated field; however, severe side effects
such as radiation pneumonia should not be neglected in
such an extensive range of irradiation, and complications
may offset its survival advantage in certain patients. Several
different kinds of radiation field designs have been reported
for postoperative radiotherapy in ESCC, including the
tumor bed alone (17), the bilateral supraclavicular areas
and entire mediastinum (18), bilateral supraclavicular areas,
entire mediastinum and left gastric lymphatic drainage
areas (19), and T-shaped field (bilateral lower neck, bilateral
supraclavicular areas and upper middle mediastinum) (20).
Related literature reports that such a large range of
irradiation fields (standard clinical target areas) often cause
severe gastrointestinal and systemic reactions, and many
poorly tolerated patients have to suspend treatment or
reduce the irradiation dose. Some patients even experience
severe radiation pulmonary fibrosis, non-cancerous
pericardial effusion, pleural effusion, and gastrointestinal
bleeding (13). The CTV was adjusted to a T-shaped field,
covering the bilateral supraclavicular area, mediastinum and
tumor bed and no longer irradiating the left gastric lymph
nodes. Acute and late radiotherapy complications such
as gastric bleeding and heart and lung complications are
significantly reduced after the use of T-shaped fields (21).
In order to optimize the radiation field for ESCC, we
designed the small T-shaped field covering the bilateral
supraclavicular areas, as well as the upper and middle
mediastinal lymphatic drainage areas. Such an irradiation
range not only includes the high-risk areas of postoperative
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recurrence, but also takes the occurrence of adverse
reactions into account. Herein, we retrospectively compared
the occurrence of LRR and DM, the survival rate, as well
as the radiotherapy toxicity between the small T-shaped
field and the tumor bed field. Our results suggested the
acceptance and feasibility of postoperative radiotherapy
with the small T-shaped field for ESCC patients.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-604).

Methods
Subjects

A retrospective study was performed to analyze 96 thoracic
ESCC patients who were underwent a radical esophagectomy
in The First Affiliated Hospital of Soochow University (Suzhou,
China) from 2016 to 2020. The subjects included 85 males
and 11 females, with an average age of 62.76+6.78 years. The
number of cases during the study period determined the
sample size. Tumor staging was based on the American Joint
Committee on Cancer/Union for International Cancer Control
tumor-node-metastasis (TNM) staging system (8" edition) (22).
The TINM stages of the patients were IIB-IVA.

The inclusion criteria were as follows: (I) postoperative
pathological examination-confirmed thoracic ESCC with
stage T3/T4 or positive nearby lymph node; (II) abdominal
B-ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI) or positron emission tomography-
computer tomography (PET-CT) revealed no metastasis in
the supraclavicular lymph node or abdominal cavity; (I1I)
patients with normal electrocardiogram, urine routine, liver,
and renal function tests; and (IV) patients with an Eastern
Cooperative Oncology Group (ECOQG) performance status
(PS) of 0-1.

The exclusion criteria were as follows: (I) patients
with residual tumor after surgery; (II) patients with
adenocarcinoma or other histologic types; (III) patients
with previous malignancies; (IV) patients with distant
hematogenous metastasis; and (V) patients with indications
of other systemic diseases, such as acute infection, chronic
obstructive pulmonary disease, heart failure, acquired
immune deficiency syndrome, etc.

Radiotherapy and chemotherapy

ESCC patients received intensity-modulated radiotherapy
(IMRT) 4-6 weeks after radical esophagectomy using
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Figure 1 Schematic diagram of the targeted areas. (A) The pink area was the CTV (small T-shaped field). The heart, left lung, and right

lung were delineated with brown, blue, and green lines, respectively. (B) The tumor bed were marked with purple. The stomach and spinal

cord were delineated with yellow and brown respectively. CTV, clinical target volume.

6 MeV photons delivered by a linear accelerator (Elekta
Synergy). The CTV included the bilateral supraclavicular
areas as well as the upper and middle mediastinal lymphatic
drainage areas (Figure I). The total dose was 50.4 Gy/
28 fractions, irradiated 1.8 Gy per day, 5 days per week.
The total dose for the T3/T4 tumor bed and positive
lymph node areas gross tumor volume (GTV) was 60.2 Gy/
28 fractions, irradiated 2.15 Gy per day, 5 days per week.
For patients in the small T-shaped field group, both the
CTV and GTV were irradiated, whereas for the patients
in the tumor bed field group, only GTV was irradiated. At
least 95% of planning target volume (PTV) reaches 100%
of the prescription dose, and 99% of PTV reaches 95% of
the prescription dose. All of the patients were concurrently
or sequentially treated with chemotherapy (135 mg/m’ of
paclitaxel on day 1, and 75 mg/m’ platinum on days 1, 2,
and 3 or 80 mg/m’ of nedaplatin on day 2) for 4-6 cycles.

Follow-up

All patients were followed-up every 2-3 months within
the first 2 years, and every 4-6 months thereafter. The
follow-up examination included a clinical evaluation, blood
biochemistry test, as well as CT of the neck, chest, and
upper abdomen. Endoscopy, bone scan, brain magnetic
resonance, or PET-CT were performed when necessary.
The median time of follow-up was 25 (range, 7-47) months.

Observation indicators

LRR was defined as regional lymph node relapse, tumor bed,
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or anastomotic recurrence. DM was defined as metastasis
to a distant organ (liver, lung, bone, etc.), or non-regional
lymph node metastasis (the abdominal cavity lymph node for
upper thoracic esophageal carcinoma or the supraclavicular
lymph node for lower thoracic esophageal carcinoma). OS
was regarded as the time from the date of initial treatment
to death or the last available vital status data. Toxicity was
categorized according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 software
(IBM SPSS Statistics 25.0). Cumulative survival rates
were calculated using Kaplan-Meier survival curves. The
Student’s #-test, Chi-square test, or Fisher’s exact test were
used to compare the differences between the two groups. All
statistical tests were two-sided, and P<0.05 was considered
to be statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by ethics board of The First Affiliated Hospital of
Soochow University (No. 2020049) and informed consent
was taken from all the patients.

Results

A total of 96 thoracic ESCC patients were included
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Table 1 Clinicopathological characteristics
Parameters T-shape field (n=49), n (%) Tumor bed field (n=47), n (%) Test value P value
Age (years)
Min 44 49
Max 76 75
Mean + SD 63.69+7.01 61.79+6.46 1.384° 0.170
Gender, n (%) 0.155° 0.757
Male 44 (89.80) 41 (87.23)
Female 5(10.20) 6 (12.77)
Tumor location 0.484° 0.785
Upper 7 (14.29) 5(10.64)
Middle 22 (44.90) 24 (51.06)
Lower 20 (40.82) 18 (38.30)
T stage 1.422° 0.526
T1 0 0
T2 9(18.37) 12 (25.53)
T3 34 (69.39) 32 (68.09)
T4a 6 (12.24) 3(6.38)
N stage 2.679° 0.281
NO 26 (53.06) 23 (48.94)
N1 17 (34.69) 22 (56.81)
N2 6 (12.24) 2 (4.26)
N3 0 0
Clinical stage 2.418° 0.485
B 26 (53.06) 21 (44.68)
A 6 (12.24) 10 (21.28)
1B 16 (32.65) 16 (34.04)
IVA 1(2.04) 0

2 Student’s t-test; °, Chi-square test; °, Fisher’s exact test.

in the present study. Four to six weeks after radical
esophagectomy, 49 patients were received radiotherapy with
small T-shaped field and 47 patients received irradiation of
the tumor bed field. The clinicopathological features are
summarized in Zable 1, and no significant differences were
observed between the two groups in terms of age, gender,
tumor location, or tumor staging data (all P>0.05).

As shown in Tible 2, the overall incidence of LRR between
the small T-shaped field group (n=8/49, 16.3%) and tumor
bed field group (n=15/47, 31.9%) were not significantly
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different (P=0.12) at the end of follow-up. However, the
anatomical distribution of LRR might display distinctive
patterns, since the LRR rate in the mediastinal lymph nodes
of the tumor bed field group was statistically higher than
that of the small T-shaped field group, but not in the other
lymph nodes, anastomotic sides, or tumor bed. In addition,
the two groups showed equal frequencies of DM, as 12
(24.5%) patients in the small T-shaped field group had
DM, and 11 (23.4%) patients in the tumor bed field group
had DM. Also, analysis of LRR-free survival and DM-free
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Table 2 LRR site

Recurrence site T-shape field (n=49), n (%) Tumor bed field (n=47), n (%) P value
Supraclavicular lymph node 1(2.04) 4 (8.16) 0.199°
Mediastinal lymph nodes 1(2.04) 7 (14.89) 0.049°
Anastomotic site 2 (4.08) 1(2.13) 1.000°
Tumor bed 1(2.04) 1(2.13) 1.000°
Left gastric lymph node 3(6.12) 2 (4.26) 1.000°

°, Fisher’s exact test. LRR, locoregional recurrence.
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Figure 3 Kaplan-Meier estimates of the OS. The HR and the P

value are shown. OS, overall survival; HR, hazard ratio.

survival did not show any statistical difference (Figure 2).
Although the OS of the small T-shaped field group (71.4%)
was higher than that of the tumor bed field group (66.0%),
this trend did not reach statistical significance (Figure 3).
For patients in the small T-shaped field group, the
mean dose (D,.,,) to the lung was 11.03x1.69 Gy and
the lung volume percentage receiving >20 Gy (V20) was
19.95%+3.99%, while that receiving >5 Gy (V5) was
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47.59%+9.43%. As shown in Table 3, we did not observe
statistical differences in the risk of grade 2 esophagitis and
grade 2 pneumonitis between the two groups. Also, none
of the patients suffered > grade 3 esophagitis, esophageal
stricture, or life-threatening hemorrhage (7able 4).

Discussion

For locally advanced ESCC patients, surgery alone usually
cannot completely remove malignant cells, and thus, a
comprehensive postoperative treatment is necessary for
reducing the incidence rates of LRR and DM. The issue
of optimal CTV range for postoperative radiotherapy in
ESCC patients has been a matter of growing concern (23).
In the present study, postoperative radiotherapy of the small
T-shaped field, which covered tumor bed, positive lymph
node areas, bilateral supraclavicular areas, as well as the
upper and middle mediastinal lymphatic drainage areas,
was used to treat locally advanced ESCC patients, and our
results revealed that LRR in the mediastinal lymph nodes of
the small T-shaped field group was significantly lower than
that of tumor bed field group. At the end of the follow-up
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Table 3 Lung radiation dose
Parameter V5 V20 Drmean
Lung radiation dose (Gy), mean + SD 47.59+9.43 19.95+3.99 11.03+1.69
D1reans mean dose.
Table 4 Toxicity
Toxicity T-shape field (n=49), n (%) Tumor bed field (n=47), n (%) Test value P value
Grade 2 esophagitis 10 (20.40) 5(10.64) 1.737 0.150°
Grade 2 pneumonitis 11 (22.45) 8 (17.02) 0.158 0.341°
Grade 3 pneumonitis 0 0
Esophageal stricture 0 0
Life-threatening hemorrhage 0 0

?, Chi-square test.

period in this study, the OS rate of the small T-shaped field
group was higher than that of control group, although this
did not reach statistical difference. Therefore, the small
T-shaped field might be a safe and effective approach for
the postoperative radiotherapy of ESCC patients.
Currently, there is no established consensus on the
target volume delineation for postoperative radiotherapy
in ESCC patients. The recurrent laryngeal nerves in the
superior mediastinum and the bilateral supraclavicular area
are closely connected to the surrounding lymph nodes,
which greatly increases the difficulty of the operation and
may cause the omission of lymph nodes during lymph node
lymphadenectomy. In order to gain the maximum benefits
from radiotherapy, the areas of CTV should be limited to
high-risk regions after radical esophagectomy. Therefore, the
recurrence pattern of regional lymph nodes after surgery is
a key factor to guide CTV delineation. Studies have shown
that the recurrence of upper and middle thoracic esophageal
carcinoma after radical surgery often occurs in the bilateral
supraclavicular areas and upper mediastinum (5,24-26).
Similar to upper and middle thoracic esophageal carcinoma,
upper mediastinal lymph node dissection is more difficult
for lower esophageal cancer due to the complex anatomical
structure. Multiple studies have shown that bilateral
supraclavicular and superior mediastinal areas have the highest
recurrence rates in patients with lower thoracic ESCC
(24,25). It has been reported that 79.4% of all the recurrent
sites are located in either the bilateral supraclavicular
areas or the upper mediastinum (5). A retrospective study
involving 244 patients showed that the most common

areas of recurrence were the lymph nodes in the lower
neck, as well as the middle and upper mediastinum (27).
The most common sites of regional lymph node metastasis
are the upper mediastinum (73.8%), followed by the
supraclavicular (43.7%), middle mediastinum (39.7%),
abdominal cavity (13.5%), and inferior mediastinum
(1.6%) after radical surgery with two-field lymph node
dissection (25). Furthermore, it has been suggested that
irradiation of the upper abdomen area is unnecessary, because
no patients experience failure in the abdomen regardless of
whether or not they receive postoperative radiation (21).
Therefore, we designed the small T-shaped field for
postoperative radiotherapy of ESCC patients by using IMRT
technique to cover the above-mentioned high-risk recurrence
areas. The effectiveness and therapy-related toxicity of the
small T-shaped field was compared to that of tumor bed field,
and statistical analysis revealed the benefits in terms of the
LRR rates of the mediastinal lymph nodes.

Acute radiation pneumonitis is one of the main dose-
limiting factors for thoracic radiotherapy (28). V20 and
D, to the lung are currently recognized as dosimetry
parameters related to radiation pneumonitis (29). With the
widespread application of IMRT technology, the volume of
the high-dose area of the lung can be effectively reduced;
however, due to factors such as the increase of the radiation
field and the ray scattering between the gratings, the low-
dose area also increases compared with two-dimensional
radiotherapy technology. A previous retrospective analysis
revealed that the lung V5 and V20 were independent
predictors for radiation pneumonitis above grade 2 (30).
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Moreover, lower lobe exposure to radiation seems to be
another determinant for radiation pneumonitis (31,32),
and this dissimilar regional radiosensitivity might be
related to better oxygenation, perfusion, and ventilation
of the lower lobes (33). In this study, the dose parameters
of the small T-shaped field were markedly lower than the
threshold that could induce radiation pneumonitis, and
few lower pulmonary regions were encompassed, thus
no acute radiation pneumonitis (grade 3 or above) was
observed. Since the irradiated volume was greater in the
small T-shaped field, the incidence of grade 2 radiation
pneumonitis and grade 2 radiation esophagitis was higher
compared to the tumor bed field group, although the
differences were not statistically significant. These adverse
reactions were tolerable and controllable in all patients.

In conclusion, treatment failures after radical
esophagectomy of ESCC involve LRR and DM. Accumulating
evidence indicates that LRR in the upper and middle
mediastinum and supraclavicular accounts for a considerable
proportion. Based on these facts, we treated ESCC patients
with small T-shaped field postoperative radiotherapy and
demonstrated the feasibility of this approach. The limitation
of the current study is that the sample size of the retrospective
analysis was relatively small, and therefore, follow-up
randomized controlled investigations with a larger sample sizes
are required to further validate the efficacy and safety of this
approach.
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