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Abstract. The present study aimed to investigate the recurrence
pattern of thoracic esophageal cancer (TEC) following radical
surgery for guiding postoperative radiotherapy (PRT). Patterns
of recurrence were analyzed in patients with recurrence
for the first time after radical surgery at the First Affiliated
Hospital of Anhui Medical University (Anhui, China) from
January 2012 to December 2015. A total of 244 patients
were reviewed in the study. The mean recurrence time for
patients with PRT was >1 month longer than that for patients
without PRT. The lymphatic, anastomotic and hematological
recurrence ratios were 87.9 vs. 69.2%, 4.0 vs. 11.5%
and 8.0 vs. 17.2%, respectively for patients without and with
PRT. The most common recurrence regions were staionl and
station 2-4 (30.0 vs. 36.5% and 37.2% vs. 23.1%, respectively,
for patients without and with PRT). The lymphatic recurrence
of upper TEC was almost in stationl and station 2-4 (infield).
The middle and lower TEC also had a high probability of
Iymphatic recurrence in station 1 and station 2-4 (totally
76.3 vs. 57.6% and 61.9 vs. 61.1%, respectively). The recurrence
ratio significantly decreased in station 2-4 (infield) for middle
TEC patients with PRT compared with patients without PRT
(P=0.03), while no significant differences in the lymphatic
recurrence ratios were observed in other regions (P>0.05).
The differences of recurrence ratios in station 7, station 8
and celiac regions (infield) for lower TEC patients without
and with PRT also demonstrated no statistical significance
(P>0.05). The results of the present study indicated that the
lower neck, supraclavicular regions and upper mediastinal
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regions (station 1, 2 and 4) should be included in the clinic
target volume (CTV) for PRT, while lower mediastinal regions,
celiac regions and anastomotic may not be included in CTV.

Introduction

Esophageal carcinoma (EC) is a common upper gastrointes-
tinal tumor, with the third incidence and the fourth mortality
in China (1). Despite improvements in diagnosis and treat-
ments of esophageal cancer patients, overall 5-year survival
rates were still very low (-40%) (1,2). Esophagectomy is the
standard strategy for resectable EC. Unfortunately locore-
gional recurrence [especially lymphatic metastasis (LNM)]
was the main failure for these patients (3.4).

Multimodality treatment has become increasingly used
for EC, which proved to have good outcomes (5). Neoadjuvant
chemoradiotherapy was proved to be a better strategy for local
advanced patients (6,7). Postoperative radiotherapy (PRT)
was only recommended for positive margin patients in NCCN
guidelines (8). However, in most area of China, surgery was
still the first choice of EC patients by now. Postoperative
chemoradiotherapy was controversial and had been studied for
many years. Several Meta analyses concluded that postopera-
tive chemoradiotherapy significantly decreased postoperative
mortality, local recurrence and distant metastasis rates, with
no increased postoperative complications for patients with
resectable esophageal carcinoma (9-11).

The lymphatic drainage of esophagus is great complexity,
which not only runs through transversely to the adjacent lymph
nodes, but also vertically to distant nodes (12,13). Early EC
with the submucosa infiltrated, therefore, can be found widely
metastasis, even skipping metastasis (14,15). Because of the
complexity lymphatic drainage of esophageal carcinoma, it
is difficult to determine the target of postoperative volume.
After surgery, the anatomy of esophagus and lymphatic
drainage changed. Therefore, the postoperative target volume
is different from that of non-operative radiotherapy. Many
target plans have been used in past decades (16,17-21), without
a standard criterion.

In order to find out the failure pattern after surgery, several
retrospective studies had been investigated and advices were
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concluded for clinic target delineation (22-25). However, these
researches were focused on the patients without PRT. Few
papers were found to investigate the pattern of recurrence after
PRT using a specific target. In this study, recurrence pattern
after radical surgery was investigated by retrospective analysis
of TEC patients with and without PRT aimed to find an appro-
priate plan for PRT.

Patients and methods

Patients. The present study was a retrospective investigation to
assess recurrence rates in patients that have undergone a radical
esophagectomy for thoracic EC, with or without PRT. From
January 2012 to December 2015, patients with recurrence who
underwent radical esophagectomy for thoracic esophageal
carcinoma were collected at the First Affiliated Hospital of
Anhui Medical University. Tumor locations were based on
the Japanese classification system (26). Clinic pathological
characteristics (tumor invasion, node, metastasis and stage)
were based on the tumor-node-metastasis (TNM) classification
(7th edition), by the International Union against Cancer (27).
Lymphatic station was classified based on American Thoracic
Society/International Association for the Study of Lung
Cancer (IASLC) lymph node station nomenclature (28).

Case selection. Inclusion criteria: Thoracic CT, abdominal
B-ultrasound, and other images were made to exclude distant
metastasis in all patients before surgery; All patients were
proved to be TEC by pathologic examination after surgery;
All patients were proved to have postoperative recurrence
for the first time by the following ways: clinical, cytology or
pathology, and B-ultrasound, CT or MRI, and other imaging
ways (i.e., PET/CT). Exclusion criteria: Patients with unknown
or unclear pathological characterization; patients without
sufficient evidence to support clinic or pathological recurrence;
patients with unknown lymph node station; patients associated
with other tumor; patients with unknown target or target not
accordance with the principle which discussed below for PRT.

The diagnosis of recurrence. The diagnosis of neck/supra-
clavicular LNM was mainly based on physical examination,
B-ultrasound, CT/MRI and fine needle aspiration. The diag-
nosis of mediastinal LNM was mainly based on CT, MRI,
or PET/CT. The diagnosis of celiac LNM was mainly based
on B-ultrasound, CT or PET/CT. The short diameter >10 mm
(5 mm for lymph nodes of tracheoesophageal groove) or fusion
of lymph nodes or whatever size of lymph node combined with
hoarseness or cough was considered as mediastinal LNM in
CT/MRI image, while HUVmax value of lymph nodes >4.0
in PET/CT (29). The diagnosis of anastomotic recurrence was
based on esophagoscopy. The diagnosis of hematological recur-
rence was based on mageological diagnosis according to
different positions.

PRT. Patients with pT'3-4 or pN(+) were carried out PRT in
Radiation Oncology Department of my hospital. The time
interval was 3-12 months. The most common scheme was
50 Gy/25 fractions, 2 Gy/day, and 5-6 fractions/week. Dose of
two patients was <50 Gy and dose of five patients was >50 Gy,
2 Gyl/fraction. Conformal computed tomography-based
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planning and a linear accelerator were used to delivery
external beam radiation therapy for these patients. The clinical
target volume (CTV) included tumor bed and lymphatic
drainage regions at high risk. The principle of CTV was as
follows: Upper TEC: The tumor bed with a 3 cm enlargement
superiorly and inferiorly, station 1, station 2, station 4,
station 5 and station 7; Middle TEC: The tumor bed with a
3 cm enlargement superiorly and inferiorly, station 2, station 4,
station 5 and station 7; Lower TEC: The tumor bed with a
3 cm enlargement superiorly and inferiorly, station 7, station 8,
and cardia and left gastric lymph nodes. The planning target
volume (PTV) was defined as the CTV plus a 0.5-0.8 cm
margin.

Follow-up. In the first 2 years, patients were followed-up
every 3 months after surgery and every 6 months thereafter.
Re-examinations included chest enhanced CT scans,
abdominal and cervical ultrasound screening. When necessary,
cervical or abdominal CT, PET/CT, endoscopy, and fine needle
aspiration according to specific symptoms.

Statistical analysis. Statistical analysis was performed using
the statistical package SPSS (version 19.0 for Windows, IBM
SPSS, Armonk, NY, USA). Chi-square and Fisher's test were
used in qualitative variables. Student's t-test was used for
continuous variables. P<0.05 was considered to indicate a
statistically significant difference.

Results

Characterization of patients. A total of 244 patients were
collected for the present study, clinical and pathological
characteristics were shown in Table I. Proportion of pT'3-4 and
pN(+) patients with PRT was more than that of patients without
PRT (P=0.04; <0.01, respectively). Among 196 patients
treated without PRT, the mean recurrence time (MT) was
14.22+0.88 months (1.0-61.0 months) after operation, while
MT was 15.37+1.53 months (3.0-54.0 months) for the other
48 patients who treated with PRT. The recurrence time of
these two groups had no significant difference. The recurrence
time was shown in Fig. 1.

The common symptoms for those patients were mass found
in the lower neck and supraclavicular regions (27.5%), hoarse
voice (27.9%), and local pain (14.2%), while a large number
(27.5%) were found with no symptom by using imaging
examinations (i.e., chest CT/MRI, abdominal B-ultrasound,
PET/CT). The symptoms for these patients were shown
in Fig. 2.

Pattern of recurrence after radical surgery

Distribution. Among the 249 patients, a total of 332 sites
(274 for patients without PRT, 52 for patients with PRT) of
recurrence were found and the distribution of sites was shown in
Table II. The patterns of initial recurrence included lymphatic
recurrence, anastomotic recurrence and hematological recur-
rence for patients without and with PRT, as shown in Fig. 3A.
The lymphatic recurrence ratio was 87.9% (241/274) vs. 69.2%
(36/52), the difference had statistical significance (P=0.01).
The anastomotic recurrence ratio was 4.0% (11/274) vs. 11.5%
(6/52), the difference had statistical significance (P=0.03). The
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Table I. Clinical and pathological characteristics of patients
(n=244).
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Without PRT ~ With PRT

Parameters (n=196) (n=48) P-value
Age (years) 0.94
<60 87 21
>60 109 27
Sex 0.57
Male 165 42
Female 31 6
T stage 0.04
pT1-2 81 12
pT3-4 115 36
N stage 0.01
pN (-) 108 11
pN (+) 88 37
Differentiation 0.04
Poor 53 22
Moderate 96 19
Well 47 7
Tumor location 0.11
Upper 20 1
Middle 114 29
Lower 62 18
Type of tumor 0.76
SCC 183 46
Others 13 2
Chemotherapy -
0-2 cycles - 31
>3 cycles - 17
Lymphadenectomy 0.36
Two-field 147 39
Three-field 49 9
Anastomotic site 0.60
Neck 29 9
Upon aortic arch 137 34
Below aortic arch 30 5

SCC, squamous cell carcinoma; PRT, postoperative radiotherapy.

hematological recurrence ratio was 8.0% (22/274) vs. 17.2%
(10/52), the difference had statistical significance (P=0.01).

Fig. 3B shows the lymphatic recurrence ratio in different
regions. The recurrence ratios of station 1, station 2-4,
station 5, station 7, station 8, station 10 and celiac regions were
30.0% (96/274) vs. 36.5% (19/52), 37.2% (102/274) vs. 23.1%
(12/52), 1.1% (3/274) vs. 0.0% (0/52), 2.6% (7/274) vs. 1.9%
(1/52), 2.6% (7/274) vs. 0.0% (0/52), 1.8% (5/274) vs. 0.0%
(0/52), 77% (21/274) vs. 5.8% (3/52), respectively for patients
without and with PRT. The difference of recurrence ratio in
each region for patients without and with PRT had no statis-
tical significance (P>0.05).
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Figure 1. Time to recurrence for patients following esophagectomy
(A) Cumulative recurrence rate at different recurrence times. (B) Mean
recurrence time. RT, radiotherapy.
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Figure 2. Symptoms of recurrence for all patients.

Fig. 3C-E shows the lymphatic recurrence ratios in
different regions of patients without and with PRT in different
locations. For upper TEC, the differences of recurrence ratio
in each region for patients without and with PRT had no statis-
tical significance (P>0.05). For middle TEC, the difference of
recurrence ratio in station 2-4 for patients without and with PRT
had statistical significance (P=0.03), while other regions had
no statistical significance (P>0.05). For lower TEC, the differ-
ences of recurrence ratio in each region for patients without
and with PRT had also no statistical significance (P>0.05).

Relation between recurrence and target for radiotherapy
patients. We defined the recurrence in the primary target as
infield recurrence, while the others as outfield recurrence.
Among 53 patients with PRT, recurrence ratio of infield was
25.0% (13/52). Univariate analysis showed that the location
of tumor was the influence factor for infield recurrence. The
upper TEC had a higher infield recurrence (100.0%), while
the middle and lower TEC had a higher outfield recurrence


https://www.spandidos-publications.com/10.3892/ol.2018.7807
https://www.spandidos-publications.com/10.3892/ol.2018.7807
https://www.spandidos-publications.com/10.3892/ol.2018.7807

4036

WANG et al: POSTOPERATIVE RADIOTHERAPY FOR ESOPHAGEAL CARCINOMA

Table II. Location of recurrence patterns in patients.

Upper Middle Lower Total
Without With Without With Without With Without With
Location PRT PRT PRT PRT PRT PRT PRT PRT
Supraclavicular
Station 1 12 0 55 12 29 7 96 19
Mediastinal
Station 2-4 12 1 67 7 23 4 102 12
Station 5 0 0 3 0 0 0 3 0
Station 7 0 0 4 0 3 1 7 1
Station 8 0 0 4 0 3 0 7 0
Station 10 0 0 2 0 3 0 5 0
Celiac 1 0 8 2 12 1 21 3
Anastomotic 2 0 5 4 4 2 11 6
Hematological 3 0 12 8 7 3 22 11
Total 30 1 160 33 84 18 274 52
There was no lymphatic recurrence in station 3, station 6 and station 9. PRT, postoperative radiotherapy.
B Lymphatic
[ Anastomotic
E Hematological
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g
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Figure 3. Ratios of recurrence for patients with and without PRT (the difference of recurrence rate in each region unlabeled was P>0.05). (A) Ratios of
lymphatic recurrence, anastomotic and distant hematological site. (B) Ratios of recurrence in different regions. (C) Ratios of recurrence in different regions
for upper TEC. (D) Ratios of recurrence in different regions for middle TEC. (E) Ratios of recurrence in different regions for lower TEC. PRT, postoperative

radiotherapy; TEC, thoracic esophageal cancer.

(677, 88.9%, respectively). The differences in different loca-
tions had a statistical significance (P=0.02). The pattern of
infield and outfield recurrences was shown in Table III.

Discussion

In the present study, we found that there was no statistical
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Table III. Univariate analysis for infield and outfield recurrence
for patients with PRT.

ONCOLOGY LETTERS 15: 4033-4039, 2018

Infield Outfield
Parameters (n=13) (n=39) P-value
Age (years) 0.18
<60 10 19
>60 3 20
Sex 0.82
Male 12 33
Female 1 6
T stage 10
pT1-2 4 11
pT3-4 9 28
N stage 1.00
pN() 11 31
pN(+) 2 8
Differentiation 0.11
Poor 3 19
Moderate 9 14
Well 1 6
Tumor location 0.01
Upper 1 0
Middle 11 22
Lower 1 17
Type of tumor 1.00
SCC 13 37
Others 0 2
Chemotherapy 1.0
0-2 cycles 9 25
>3 cycles 4 14
Lymphadenectomy 0.06
Two-field 8 35
Three-field 5 4
Anastomotic site 0.90
Neck 3 7
Upon aortic arch 9 28
Below aortic arch 1 4

SCC, squamous cell carcinoma; PRT, postoperative radiotherapy.

difference for recurrence time of patients with and without
PRT, but the MT for patients with PRT was over one month
longer than that for patients without PRT. What is more, the
patients with PRT were usually advanced TEC [i.e., pT3/4,
pN (+)]. Therefore, local advanced TEC may benefit from PRT,
which had been studied by many researches (9-11,30). We
noticed that a few patients recurred in <3 months after radical
surgery, which may due to micrometastasis that cannot be
found using common clinic examinations before surgery and
was not cleaned up completely. Prenzel et al (31) found that
15% of patients with pTINOMO carcinoma of the esophagus
and even those with submucosal infiltration show nodal
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micrometastasis. Methods should be used to early discovery
the removed or unremoved micrometastasis (32,33).

Lymphatic recurrence was the most common pattern
for patients without PRT, 87.9% in the present study. Other
researches also have the same results (3,22,23). Taken in this
sense, PRT should be a useful way to reduce recurrence, as
sub-clinic lesions or lymphatic micrometastasis can be further
controlled. However, the lymphatic system of esophagus
presents great complexity. The esophageal wall has a rich
network of lymphatic drainage from layer of muscularis
mucosa to tunica adventitia. Early EC can be found widely
metastasis, even skipping metastasis. At present, two-field
lymphadenectomy and three-field lymphadenectomy
were the common procedure (in our hospital, two-field
lymphadenectomy was the main). Because of the limitation of
the operation itself, the upper mediastinum and supraclavicular
lymph nodes are difficult to clean up, and they are most likely
to become sub-clinical lesions invaded regions. Moreover,
when patients are operated via left thoracic incision, we could
not clear up the upper paraesophageal nodes and the nodes
located in the cervicothoracic junction, due to the occlusion
of the aortic arch, left lock artery and subclavian artery.
As a result, the lower neck, supraclavicular and the upper
mediastinum regions have a high recurrence. In the present
study, the recurrence ratios of station 1 and station 2-4 for
patients without PRT were 30.0 and 37.2%, totally 67.2%.
The lower mediastinum and celiac lymph nodes can be easily
cleaned up, so the recurrence ratios of station 5, station 7,
station 8, station 10 and celiac regions were very low (totally
15.7%). The results were similar to other research (24,34).
From what has been discussed above, we may draw that lower
neck, supraclavicular regions and upper mediastinum regions
(station 1-4) are the hot spots in PRT.

Then we need to think about whether there are differences
in postoperative target for different locations of TEC patients.
As we know, lymphatic of TEC can drain to different regions,
but usually there is one predominant region of drainage. The
upper lymphatic of TEC drains upward mainly, the middle
lymphatic can drain upward and downward and the lower
lymphatic mainly drains downward (35). Because lymph
nodes of the middle, lower mediastinum and celiac regions
can be easily and thoroughly cleaned up, the CTV should
be different from that of patients without esophagectomy. In
this study, the lymphatic recurrence ratios in the station 1 and
station 2-4 were totally 80.0, 76.3, 61.9%, respectively, for
upper, middle and lower TEC. The lymphatic recurrence ratios
in station 5-10 were totally 0.0, 8.1 and 10.7%, respectively.
The lymphatic recurrence ratios in celiac regions were 3.3, 5.0
and 14.3%, respectively. The recurrence rates in station 5-10
for all TEC and celiac regions for upper and middle TEC were
low, so more evidences should be collected to explain whether
these regions should be included in CTV of PRT. Many
researches (24,35,36) also suggested that PRT target should
include supraclavicular and mediastinal regions for all TEC,
while celiac lymph node regions should also be included for
lower TEC.

In order to further find out the suitable CTV for PRT,
we analyzed the pattern of recurrence for patients treated
with PRT using the target mentioned above. The lymphatic
recurrence ratio decreased (69.2 vs. 87.9%; P=0.01), while
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the hematological recurrence ratio increased compared to
patients without PRT (17.2 vs. 8.0%; P=0.01). It indicated that
PRT should decrease lymphatic recurrence. For upper TEC,
CTV including station 1 and station 2-4 has been an accepted
standard. In the present study, only one patient (2.1%) was
collected and recurred in station 2-4 (infield), indicating
that lower recurrence rate after PRT. The negative statistical
results of recurrence ratio in station 1 and station 2-4 may
due to the limited PRT patients. For middle TEC (68.8%),
the recurrence was mostly in stationl (outfield, 36.4%) and
station 2-4 (infield, 21.2%). However the recurrence ratio
of station 2-4 decreased compared to patients without PRT
(P=0.03), while the recurrence ratio in other regions have
no statistic difference for patients with and without PRT.
For lower TEC (37.5%), the recurrence was also mostly in
stationl (38.9%) and station 2-4 (22.2%), which were both
outfield. The recurrence ratios in station 7, station 8 and
celiac regions (infield) had no statistic difference for patients
with and without PRT. Chen et al (37) found that lower TEC
had a wide range of celiac lymph nodes metastasis, 34.4%
in nodes along the left gastric artery, 21.7% in nodes along
left cardiac, 17.8% in nodes along the lesser curvature, 9.4%
in nodes along right cardiac and 6.1% in nodes along the
common hepatic artery at time of surgery. However nodes
along the left gastric artery, left cardiac and lesser curvature
usually can be cleaned up. Oppedijk ef al (38) found that
radiotherapy did not decrease the celiac lymph nodes metas-
tasis. For these reasons, we also have no adequate evidence
to irradiate the lower mediastinum and celiac regions for
middle and lower TEC, which may increase complications or
radiotherapy-related death.

For infield recurrences, we might think about whether
50 Gy of biological effective dose (BED) was enough for
sub-clinic or micrometastasis tumor. Moon et al (39) suggested
that total radiation dose should be at least 50 Gy in PRT alone.
Also, researches (3,22,38,40) showed that the anastomotic
recurrence ratio was low (4.0% in my study), we should not
include it into CTV. In the past, we usually focused on the
tumor bed for PRT of TEC, however, the anatomical structure
of the primary esophagus changed after surgery. The recur-
rence ratio in primary tumor bed was also very low, ranging
from 3.6 to 8.8% (41-43), so primary tumor bed was not indeed
for PRT.

In conclusion, for patients treated with standard esopha-
gectomy, the lower neck, supraclavicular regions and upper
mediastinal regions (station 1, 2 and 4) should be included in
the CTV of PRT, while lower mediastinal regions and celiac
regions may not be included in CTV. More evidence are
needed to find out a suitable BED for PRT. Because this was
a retrospective study, potential bias may exist (i.e., more local
recurrence patients collected in my department for further
treatments). Furthermore, there are many limitations in the
present study, such as patients with and without PRT were
different [i.e., patients with PRT were usually pT3-4, pN (+)];
Chemotherapy were not very clear in patients without PRT and
the used CTV of PRT was still not accepted in some research
centers. As a result, we cannot evaluate the efficacy of PRT and
chemotherapy. In future, multicentric, perspective, large-scale
trials should be conducted to find out a more suitable modality
for PRT of EC.
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