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/ABSTRACT

Background. The role of postoperative radiotherapy in patho-
logical T2-3NOMO esophageal squamous cell carcinoma is
unknown. We aimed to evaluate the efficacy and safety of
postoperative radiotherapy in patients with pathological
T2-3NOMO thoracic esophageal squamous cell carcinoma.

Materials and Methods. Patients aged 18-72 years with
pathological stage T2-3NOMO esophageal squamous cell carci-
noma after radical surgery and without neoadjuvant therapy
were eligible. Patients were randomly assigned to surgery
alone or to receive postoperative radiotherapy of 50.4 Gy in
supraclavicular field and 56 Gy in mediastinal field in 28 frac-
tions over 6 weeks. The primary endpoint was disease-free
survival. The secondary endpoints were local-regional recur-
rence rate, overall survival, and radiation-related toxicities.

Results. From October 2012 to February 2018, 167 patients
were enrolled in this study. We analyzed 157 patients whose
follow-up time was more than 1 year or who had died. The

median follow-up time was 45.6 months. The 3-year disease-
free survival rates were 75.1% (95% confidence interval [Cl]
65.9-85.5) in the postoperative radiotherapy group and
58.7% (95% Cl 48.2-71.5) in the surgery group (hazard ratio
0.53, 95% ClI 0.30-0.94, p = .030). Local-regional recurrence
rate decreased significantly in the radiotherapy group (10.0%
vs. 32.5% in the surgery group, p = .001). The overall survival
and distant metastasis rates were not significantly different
between two groups. Grade 3 toxicity rate related to radio-
therapy was 12.5%.

Conclusion. Postoperative radiotherapy significantly increased
disease-free survival and decreased local regional recurrence
rate in patients with pathological T2-3NOMO thoracic esopha-
geal squamous cell carcinoma with acceptable toxicities in this
interim analysis. Further enrollment and follow-up are
warranted to validate these findings in this ongoing trial. The
Oncologist 2020;25:e701-e708

Implications for Practice: The value of adjuvant radiotherapy for patients with node-negative esophageal cancer is not
clear. The interim results of this phase Il study indicated that postoperative radiotherapy significantly improved disease-free
survival and decreased local-regional recurrence rate in patients with pathological T2-3NOMO thoracic esophageal squa-
mous cell carcinoma compared with surgery alone with acceptable toxicities. The distant metastasis rates and overall sur-
vival rates were not different between the two groups. Adjuvant radiotherapy should be considered for pathologic
T2-3NOMO thoracic esophageal squamous cell carcinoma. Prospective trials to identify high-risk subgroups are needed.
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INTRODUCTION

Esophageal cancer is a worldwide malignancy that yields
455,784 new cases and 400,169 deaths as estimated in 2012
[1]. Although the National Comprehensive Cancer Network
(NCCN) guideline recommends observation for postoperative
patients, a number of studies reported high recurrence rates,
and the median time to recurrence was within 2 years
after surgery [2, 3]. However, recent data still indicate
local-regional recurrence rates of 35.7%—-41.8%, which
accounted for the major failure pattern rather than systemic
metastases [4—6].

Evidence of the efficacy of postoperative radiotherapy
for patients with positive lymph nodes was identified in
squamous cell carcinoma and adenocarcinoma [7-9]. How-
ever, for node-negative patients, local-regional recurrence
rates are estimated to be as high as 26.4%-45.1% [10-12],
which suggested that greater attention should be paid to
this subgroup. To the best of our knowledge, there has not
been a single prospective, randomized study focusing on the
efficacy and safety of postoperative radiotherapy for these
early-stage patients. Our phase |l study indicated that post-
operative radiotherapy significantly improved 5-year dis-
ease-free survival and the overall survival rate in patients
with pathological T2-3NOMO thoracic esophageal squamous
cell carcinoma. Evaluation using propensity score—-matched
analysis further demonstrated survival benefits [13]. Based
on this knowledge and these findings, we conducted this
prospective, phase Ill, randomized controlled study compar-
ing surgery alone and postoperative radiotherapy in patients
with pathological T2-3NOMO thoracic esophageal squamous
cell carcinoma. Currently, the study has met the criteria for
interim analysis, and we report the interim results here.

MATERIALS AND METHODS

Patient Eligibility

Patients who received RO esophagectomy and at least two-
field lymphadenectomy (resection of mediastinal and abdomi-
nal lymph nodes) as their first treatment and who were path-
ologically confirmed as having T2-3NO thoracic esophageal
squamous cell carcinoma, according to the Union for Interna-
tional Cancer Control (UICC) 7th tumor-node-metastasis
(TNM) classification, were included. Eligible patients were
18-72 years of age, with a Karnofsky performance status 270,
and had adequate hematological, pulmonary, cardiac, renal,
and hepatic functions. Patients with residual diseases, recur-
rences, or distant metastases before randomization; severe
postoperative complications or comorbidities that ruled them
out for receiving radiotherapy; or a history of other secondary
malignancies were excluded. All patients provided written
informed consent. Ethical committee approval was received
on September 27, 2012, and the trial was registered at the
ClinicalTrials.gov (NCT01745107).

Randomization

Random assignment was performed after esophagectomy,
using a computer-generated random number code at a 1:1
ratio. Treatment allocations were not masked. After informed
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consent was obtained, clinicians uncovered the number and
assigned patients to the given group.

Treatment
Postoperative workup included history taking and physical
examination, routine hematological and biochemical profiles,
pulmonary function test, and an electrocardiogram. Manda-
tory staging procedures comprised neck/chest/abdomen
computed tomography (CT) scans, cervical/abdominal lymph
node ultrasonography, a barium meal, brain magnetic reso-
nance imaging, and a radionucleotide bone scan. Positron
emission tomography (PET)-CT scan and endoscopic biopsy
were performed when suspicious lesions were detected.

Radiotherapy began after surgical wound healing but did
not exceeded 3 months after surgery. Photon beams from a
linear accelerator with energy of 6 MV and intensity-
modulated radiation therapy (IMRT) was administrated. Pre-
and postoperative imaging were reviewed to determine the
location of the tumor bed. Clinical target volume (CTV) was
defined from cricothyroid membrane to 3 cm below carina
for proximal diseases and from T1 vertebra to 3 cm below
tumor bed for middle and lower disease, which involved
1R/L, 2R/L, 3p, 4R/L, 7, part 8, and part 10L mediastinal
lymph nodes. Anastomosis was included when proximal
tumor margin was less than 3 cm or proximal disease was
observed. Planning target volume included CTV and an addi-
tional 5 mm in three-dimensional directions. A total dose of
50.4 Gy for supraclavicular field and 56 Gy for mediastinal
field (divided by the upper edge of clavicular head) was deliv-
ered in 28 fractions.

Patients were followed up every 3 months during the first
2 years after randomization, for 6 months during the 3rd and
4th year, and every year after 5 years. Recurrence was con-
firmed by diagnostic imaging for lymph nodes and distant
metastases. For superficial recurrence sites such as supra-
clavicular lymph nodes, fine-needle aspiration was required;
for reconstructed-esophagus recurrence, endoscopic biopsy
was required.

Outcomes

The primary endpoint was disease-free survival (DFS), which
was calculated from the day of RO surgery to the day of first
recurrence or death from any cause or censor. Secondary
endpoints included local-regional recurrence rate, overall sur-
vival (0S), and radiation-related toxicities. Regional lymph
nodes were defined from supraclavicular to celiac area for
thoracic esophageal cancer according to the UICC 7th staging
manual. OS was calculated from the day of RO surgery to
death or censor. Toxicities were defined according to Com-
mon Terminology Criteria for Adverse Events 4.0. The out-
comes were assessed by clinicians who were independent of
the trial.

Statistical Analysis

This study aimed to detect a 5-year DFS difference of 21.4%
from 50.3% in the surgery-alone group to 71.7% in the postop-
erative radiotherapy group, with 80% power and 5% type |
error, 6 years of recruitment, and 5 years of follow-up. Using a
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167 randomly assigned

82 assigned to surgery-alone group 85 assigned to postoperative radiotherapy group

A 4

157 were followed up for more than 1 year or died

I
v v

77 in surgery group

80 in postoperative radiotherapy group

A 4

8 did not receive postoperative radiotherapy
7 declined after randomization
1 resigned due to fever of unknown reason

A 4

4 did not complete full dose
2 discontinued due to personal reasons
1 discontinued due to respiratory infection
1 discontinued due to suspected radiation

pneumonitis

A 4

77 included in analysis

A 4

according to intention-to-
treat

80 included in analysis according to
intention-to-treat

Figure 1. Study flow diagram.

two-sided log-rank test, we anticipated that 105 events were
required in 216 patients, assuming 10% dropout or loss to
follow-up; therefore, we needed 240 patients, with 120
patients in each group. The interim analysis was conducted
when 50 events out of 105 events were observed. Using
O’Brien and Fleming’s test boundaries, the Z score test cutoff
at the interim analysis for stopping and rejecting the null
hypothesis was 2.54, and the Z score test cutoff at the interim
analysis for stopping and rejecting the alternative was 0.34.

All the data were analyzed using the intention-to-treat
principle. Median follow-up was calculated according to
reverse Kaplan-Meier estimates; OS and DFS were calculated
from the date of surgery using the Kaplan-Meier method and
compared using the log-rank test. Equality of the censoring
distributions between groups was assumed. The Cox propor-
tional hazards model, with the assumptions of proportional
hazards confirmed based on both Schoenfeld’s residuals test
and the parallel log[-log(S(t))] curves between groups, were
used to estimate the hazard ratio between the exposure and
the control group. We compared the failure pattern of the two
groups according to the status of local-regional recurrence and
distant metastasis using the Kaplan-Meier estimate, and the
cumulative incidence could be obtained using 1 - Kaplan-Meier
survival rate. All analyses were done using R software, version
3.4.3 (R Foundation for Statistical Computing, Vienna, Austria).

www.TheOncologist.com

RESULTS

Baseline Characteristics

From October 2012 to February 2018, 167 patients were
enrolled in the study: 82 patients were assigned to surgery
alone and 85 patients to surgery plus postoperative radio-
therapy. To calculate survival time, we included 157
patients who were followed up for more than 1 year or
who had died. Finally, 77 patients in the surgery group and
80 patients in the radiotherapy group were included in the
analysis; patients who declined to receive radiation after
randomization were not excluded (Fig. 1). The baseline
demographic and clinical characteristics were well bal-
anced between the two groups (Table 1). Most patients
(84.7%) were men, and the median age was 59 years.
About 22.9% of patients experienced >5% weight loss
before surgery, and 62.4% of patients had a tumor of more
than 5 cm length. Most tumors were located in the middle
(65.6%) and lower (31.2%) esophagus. The proximal mar-
gin length was more than 5 cm in 43.9% of patients. T3
(78.3%) accounted for the major stage in both groups.
G1-G2 tumors (72.0%) were predominant in all patients.
In the surgery-alone group, 87.0% of patients had more
than 16 lymph nodes removed compared with 72.5% in
the postoperative radiotherapy group. Lymphovascular

© AlphaMed Press 2020



e704

Adjuvant Radiation for Esophageal Cancer

Table 1. Baseline characteristics of patients with thoracic esophageal squamous cell carcinoma followed up for more than 1

year

Characteristic S alone group (n = 77)

S + R group (n = 80) All patients (n = 157)

Sex

Male 62 (80.5)

Female 15 (19.5)
Age, years

<65 62 (80.5)

>65 15 (19.5)
Median (IQR) 61 (56.5-64.5)
Weight loss

<5% 59 (76.6)

>5% 18 (23.4)
Tumor length, cm

<5 27 (35.1)

>5 50 (64.9)

Median (IQR) 5 (4-6)
Tumor location

Upper 4(5.2)

Middle 49 (63.6)

Lower 24 (31.2)
Proximal margin length, cm

<5 43 (55.8)

>5 34 (44.2)

Median (IQR) 5 (5-6)
T

T2 20 (26.0)

T3 57 (74.0)
Removed lymph nodes

<16 10 (13.0)

>16 67 (87.0)

Median (IQR) 24 (19.5-32.5)
Grade

G1-G2 55 (71.4)

G3-G4 22 (28.6)
LVSI 8 (10.4)
Complete RT

71 (88.8) 133 (84.7)
9(11.2) 24 (15.3)
71 (88.8) 133 (84.7)
9(11.2) 24 (15.3)
58 (52-62.8) 59 (55-64)
62 (77.5) 121 (77.1)
18 (22.5) 36 (22.9)
32 (40.0) 59 (37.6)
48 (60.0) 98 (62.4)
5 (4-6) 5 (4-6)
1(1.2) 5(3.2)
54 (67.5) 103 (65.6)
25 (31.2) 49 (31.2)
45 (56.2) 88 (56.1)
35 (43.8) 69 (43.9)
5 (5-6) 5 (5-6)
14 (17.5) 34 (21.7)
66 (82.5) 123 (78.3)
22 (27.5) 32 (20.4)
58 (72.5) 125 (79.6)
22 (16-30) 23 (17.5-30.5)
58 (72.5) 113 (72.0)
22 (27.5) 44 (28.0)
14 (17.5) 22 (14.0)
68 (85.0)

Data are presented as n (%) unless otherwise noted.

Abbreviations: IQR, interquartile range; LVSI, lymphovascular invasion; R, postoperative radiotherapy; RT, radiotherapy; S, surgery.

invasion was presented in 10.4% of patients in the surgery-
alone group and in 17.5% in the postoperative radiother-
apy group.

Protocol Compliance and Toxicity

The median time interval from surgery to radiation was
57 days (interquartile range [IQR] 49-64). A total of 72 out
of 80 patients (90.0%) received radiotherapy, and 68 (85.0%)
completed the full dose without interruptions. Among the
eight patients who did not receive radiotherapy, seven
declined after informed consent and randomization, and one
resigned because of persistent fever of unknown reason after
surgery. In addition, four patients did not reach the planned

© AlphaMed Press 2020

full dose because of personal issues (two patients), respira-
tory infection (one patients), and suspected radiation pneu-
monitis (one patient). Patients who discontinued treatment
received more than 20 fractions of dose.

In the 68 patients who received radiation in the radio-
therapy group, no grade 4 or 5 toxicities were observed.
Grade 3 toxicities were also rare: leukopenia in three
patients (4.2%), neutropenia in one patient (1.4%), throm-
bocytopenia in one patient (1.4%), cough in two patients
(2.8%), esophagitis in one patient (1.4%), and dermatitis in
one patient (1.4%). The most frequent toxicities were esoph-
agitis and leukopenia. During the follow-up period, seven
patients (8.8%) in the radiotherapy group experienced grade 3

Oncologist



Deng, Yang, Ni et al. e705
Table 2. Acute toxicities related to radiotherapy
Toxicity Grade 1 Grade 2 Grade 3 Grade 4/5
Leukopenia 30 (41.7) 27 (37.5) 3(4.2) 0
Neutropenia 23 (31.9) 9 (12.5) 1(1.4) 0
Anemia 3(4.2) 0 0 0
Thrombopenia 4 (5.6) 3(4.2) 1(1.4) 0
Cough 20 (27.8) 7 (9.7) 2 (2.8) 0
Esophagitis 35 (48.6) 27 (37.5) 1(1.4) 0
Pneumonitis 0 1(1.4) 0 0
Dermatitis 46 (63.9) 10 (13.9) 1(1.4) 0
Fever 0 1(1.4) 0 0
Data are presented as n (%).
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Figure 2. Survival curves. (A): Disease-free survival curves for
surgery-alone and postoperative radiotherapy groups. (B):
Overall survival curves in surgery-alone and postoperative
radiotherapy groups.

Abbreviations: Cl, confidence interval; HR, hazard ratio; R, post-
operative radiotherapy; S, surgery.

anastomosis stricture that required endoscopic dilation, com-
pared with five (6.5%) in the surgery group. All available
adverse events that occurred during radiotherapy are summa-
rized in Table 2.

Survival
At the last follow-up on February 2018, patients were followed
up for a median time of 45.6 months (IQR 32.2-57.5). Overall,

www.TheOncologist.com

Figure 3. Cumulated recurrence curves. (A): Local-regional
recurrence in surgery-alone and postoperative radiotherapy
groups. (B): Distant metastasis in surgery-alone and postopera-
tive radiotherapy groups.

Abbreviations: R, postoperative radiotherapy; S, surgery.

50 (31.8%) of the 157 patients experienced treatment failure
or death, including 31 patients (40.3%) in the surgery group
and 19 (23.8%) in the radiotherapy group. The 1-, 2-, and
3-year DFS rates in the radiotherapy group were 87.5% (95%
confidence interval [Cl] 80.5%—95.1%), 78.1% (95% Cl| 69.4%—
87.9%), and 75.1% (95% Cl 65.9%—85.5%), which were signifi-
cantly higher than 77.9% (95% Cl 69.2%—87.8%), 65.5% (95%
Cl 55.5%-77.2%), and 58.7% (95% Cl 48.2%—71.5%) in the
surgery group (hazard ratio [HR] 0.53, 95% Cl 0.30-0.94,
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Table 3. Summary of outcomes for postoperative radiotherapy in IIA/NO esophageal cancer

Sample Median OS, 3-year 5-year

Study Pathology Stage Treatment size months 0S, % 0S, % p value

Schreiber et al. [7] AC and SCC IIA (T3NO) PORT 69 46 51.9 — .245
Surgery 190 27 46.4 =

Worni et al. [14] Nee 1A PORT 44 35 — 35.0 >.05
Surgery 216 21 - 28.5

Wong et al. [9] AC and SCC T3-4Nx/0 PORT 217 — 41.3 — 24
Surgery 1148 = 46.9 =

Abbreviations: —, no data; AC, adenocarcinoma; OS, overall survival; PORT, postoperative radiotherapy; SCC, squamous cell carcinoma.

p = .030; Fig. 2A). Twenty-nine patients had died at last
follow-up, including 16 (20.8%) patients in the surgery group
and 13 patients (16.2%) in the radiotherapy group (p = .465).
Among the 16 deaths in the surgery group, 12 (75.0%) were
cancer-specific deaths, and 4 patients died for other reasons: 1
died from infection secondary to ileus, 2 from complications of
salvage chemotherapy, and 1 from suicide. Of 13 deaths in the
radiotherapy group, 10 (76.9%) died from disease progression,
1 from pneumonia, 1 from heart failure, and 1 from secondary
malignancy. The 1-, 2-, and 3- year OS rates in the radiother-
apy group and the surgery group were 96.3% (95% ClI
92.2%—-100%), 90.8% (95% Cl 84.5%—97.6%), and 89.3% (95%
Cl 82.6%-96.6%) and 96.1% (95% Cl 91.9%-100%), 92.0%
(95% Cl 86.1%-98.4%), and 81.1% (95% Cl 72.3%-91.0%),
respectively (HR 0.79, 95% Cl 0.38-1.64, p = .527; Fig. 2B).
Neither group reached median DFS or OS.

Recurrence Pattern

The overall recurrence rate was 29.9%. The median time to
recurrence was 11.3 months from surgery. Twenty-nine
patients (37.7%) in the surgery group and 18 patients
(22.5%) in the radiotherapy group underwent recurrence
(p = .038). Local-regional recurrences were observed in 33
patients (21.0%), with significantly more in the surgery group
than in the radiotherapy group (25 patients [32.5%] vs. 8
patients [10.0%], p < .001; Fig. 3A). Mediastinal and supra-
clavicular lymph nodes were the most common local-regional
failure sites. Twenty-three patients (14.6%) had distant metas-
tases, including 12 (15.6%) in the surgery group and 11
(13.8%) in the radiotherapy group (p = .708; Fig. 3B). The
lungs were the most common distant metastasis sites. The
salvage therapies usually started within 1 months of recur-
rence. The approaches of salvage therapies are summarized in
supplemental online Table 1.

DiscussioN

The interim results of our study indicated that postoperative
radiotherapy significantly improved DFS and decreased local-
regional recurrence rate, with acceptable adverse events, in
patients with pathological T2-3NOMO thoracic esophageal
squamous cell carcinoma compared with surgery alone. The
distant metastasis rates were not different between the
two groups. Potential benefits of postoperative radiotherapy
were seen in terms of OS but require longer follow-up time.
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Evidence of adjuvant radiotherapy for patients with esoph-
ageal carcinoma is limited, especially for stage IIA or
T2-3NOMO disease. Schreiber et al. analyzed the Surveillance,
Epidemiology, and End Results database and note that the
median OS increased from 27 months to 46 months and the
3-year OS increased from 46.4% to 51.9% for stage lIA patients
but without a significant difference [7]. Another study also
indicated that in stage IIA disease, although 5-year OS
increased from 28.5% to 35% and the median survival
increased from 21 to 35 months, no significant benefits
between two groups were observed [14]. In a Chinese study,
Xiao et al. reported the results of a prospective trial.
Although the effect did not reach statistical significance,
potential 3-year absolute OS benefits of 8% were observed
in stage IlA disease (64.0% vs. 56.0%, p = .634) [15]. The
potential survival benefits of adjuvant radiotherapy for stage
IIA patients need further evaluation (Table 3).

We conducted a phase Il study of postoperative IMRT in
95 patients with pT3NOMO thoracic esophageal cancer. Com-
pared with surgical patients during the same period, signifi-
cant improvement in 5-year OS (74.3% vs. 59.9%, p = .010)
and DFS (71.0 vs. 51.7%, p = .002) were observed. The overall
recurrence rate was significantly lower in the postoperative
IMRT group (22.9% vs. 42.6%, p < .001), as was the local-
regional recurrence rate (18.8% vs. 34.7%, p = .002). More-
over, when analyzing patients who underwent surgery alone,
overall recurrence (41.6% vs. 43.0%, p = .72) and local-
regional recurrence (37.2% vs. 33.6%, p = .35) were not dif-
ferent between pT2 and pT3 disease [16]. Based on these
data, Yang et al. further used propensity score—-matched anal-
ysis to compare patients who underwent surgery alone with
postoperative IMRT. As a result, the 5-year DFS improved
from 50.3% to 71.7% (p = .009) and OS improved from 58.8%
to 75.7% (p = .017) in the postoperative IMRT group. Simi-
larly, the overall recurrence and local-regional recurrence
rates were significantly lower in the postoperative radiother-
apy group (p =.001) [13]. Our interim results for the prospec-
tive trial were similar to the propensity score-matched
analysis, which further validated the importance of postoper-
ative radiotherapy for pT2-3NOMO patients.

According to the recurrence pattern after RO
esophagectomy for squamous cell carcinoma, the most fre-
quent failure sites are mediastinal and bilateral supraclavicular
lymph nodes. Mariette et al. followed up 439 patients after
two-field lymphadenectomy and found that cervical recur-
rences were more frequently detected in squamous cell
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carcinoma, especially in upper and middle third disease [3].
Cai et al. also indicated that local-regional recurrence was the
most common failure pattern. The anastomosis, supra-
clavicular area, mediastinal 1-5, and 7 station lymph nodes
were the most frequent recurrence sites for upper and middle
thoracic esophageal carcinoma [17]. According to a study, a T-
shaped clinical target volume area including bilateral supra-
clavicular and entire mediastinum could cover 87.2% of the
recurrent sites [6]. As indicated, the upper abdominal lymph
node metastasis rate was only 2.1%-10.4%, with a higher
incidence in lower thoracic esophagus and node-positive
patients. In addition, intra-abdominal failure was low in squa-
mous cell carcinoma and was not decreased by postoperative
radiotherapy [15, 18]. Therefore, we considered the bilateral
supraclavicular region, upper mediastinal, and subcarina to
be high-risk regions in our study.

Adjuvant chemotherapy failed to prove its efficacy in
node-negative esophageal squamous cell carcinoma. The
JCOG 9204 trial showed that adjuvant chemotherapy only
benefited node-positive, rather than -negative, patients in
terms of DFS [19]. Several retrospective studies also failed to
demonstrate the superiority of adjuvant chemotherapy in
pNO patients [20, 21]. There are no randomized clinical trials
or large-sample-size retrospective analyses comparing adju-
vant radiotherapy and chemoradiation in patients with
esophageal cancer. Peyre et al. reported that the number of
involved lymph nodes could be used to predict systemic dis-
ease. The frequency of systemic disease after esophagectomy
was 16% for those without nodal involvement [22]. Because
local-regional recurrence is the major failure pattern for NO
patients, postoperative radiotherapy could be the optimal
therapy for NO patients. In addition, this study investigated
postoperative radiotherapy in patients with low tumor
burden (T2-3). Postoperative chemoradiation was rec-
ommended to patients with node-positive or deep tumor
invasion (T3-T4a) in esophageal adenocarcinoma [23]. Simi-
lar evidence for chemoradiation was found in squamous cell
carcinoma for patients with high tumor burden, which may
not be suitable for T2-3NO0 patients. In consideration of com-
parable efficacy but fewer toxicities, we use postoperative
radiotherapy instead of chemoradiation in this trial.

We used intention-to-treat analysis in this study and did
not exclude the eight patients who failed to accomplish sched-
uled radiotherapy. Under these circumstances, the DFS, local-
regional recurrence, and overall recurrence rates still favored
the postoperative radiotherapy group, which strengthened
the conclusion that radiation could lower the risk of recur-
rence and improve the survival of these patients.

The timely salvage therapy could be one of the reasons
that OS did not show a statistically positive result in the cur-
rent study. It usually started within 1 month after recurrence.
For patients in the surgery-alone group, salvage therapies gen-
erally included concurrent chemoradiation for local-regional
recurrence and chemotherapy for distant metastasis, whereas
for patients who received prophylactic radiotherapy, salvage
chemotherapy was the most common option. Studies indi-
cated that salvage radiation or chemoradiation in local-
regionally recurrent esophageal cancer after esophagectomy
produced effective survival improvements [24]. However, the
survival rates of patients who received salvage radiation were
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not as high as those for patients who received prophylactic
postoperative radiation [25]. Although the OS did not reach a
significant difference, the postoperative radiotherapy group
showed an absolute 3-year OS increase of 8.2%. The final
result of the current study still calls for long-term follow-up.
This study also has some limitations. First, most of our
patients came from the same institute; therefore, this popu-
lation may not be representative of all patients with thoracic
esophageal squamous cell carcinoma. Second, we used
extended two field lymph node dissection, and PET-CT was
not a required examination after surgery, which means there
might be some overlooked upper mediastinal lymph nodes.
However, the median number of removed lymph nodes was
23, and the postoperative images of every patient were
clearly reviewed before enrollment. For suspicious lesions,
PET-CT was required to exclude residual, recurrent, or meta-
static disease. Furthermore, the relatively high 3-year DFS
rate of 58.7% and OS rate of 81.1% in the surgery group
implied a high-quality surgery. Finally, our study investigated
postoperative radiotherapy for early-stage esophageal carci-
noma, which is not a routine practice according to current
guidelines. However, we provided a possible suggestion for
those patients who are understaged before surgery or who
received esophagectomy as their first treatment. In this
group of patients, adjuvant therapy should be considered.

CoNCLUSION

This study suggested that postoperative radiotherapy in path-
ological T2-3NOMO thoracic esophageal squamous cell carci-
noma could potentially increase DFS and reduce local-regional
recurrence with low-grade toxicities. However, further enroll-
ment and long-term follow-up are needed to validate the
efficacy and safety of this treatment strategy.
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