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Abstract

Background Postoperative radiotherapy (PORT) is crucial for patients with thoracic locally advanced esophageal
squamous cell carcinoma (LA-ESCC, pT3-4aN0-3M0) following esophagectomy. However, the appropriate radiation
volume has not been well established. This study aimed to determine the optimal PORT volume for LA-ESCC patients.

Methods | A-ESCC patients post-esophagectomy were randomly assigned to either the large-field irradiation (LFI,
primary lesion and lymph node tumor bed plus elective nodal irradiation) group or the small-field irradiation (SFI, pri-
mary lesion and lymph node tumor bed alone) group. Stratification was based on T stage and the number of lymph
node metastases. The primary endpoint was disease-free survival (DFS), while the secondary endpoints included
overall survival (OS), adverse events, and patterns of initial failure.

Results A total of 401 patients were randomly assigned to the intention-to-treat analysis(LFl group, n=210; SFI
group, n=191). The median DFS of patients in the LFI group was 47.9 months and 48.1 months in the SFI group
(HR=0.87, 95%Cl, 0.65 to 1.16; p=0.32). The estimated one-year and three-year OS rates were 89.2% and 63.2%

for patients in the LFI group, compared to 86.6% and 60.7% for the SFI group, respectively. The difference of OS
between the two groups was not significant (HR=0.86, 95%Cl, 0.63 to 1.16; p=0.35). Fewer patients in the LFI group
experienced locoregional recurrence compared to the SFI group (12.9% vs 20.4%, p=0.013). Additionally, locoregional
recurrence-free survival of the LFl group was significantly longer than that of SFI group (HR=0.54, 95%Cl, 0.34-0.87;
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p=0.01). The most common toxicity was grade 2 esophagitis, observed in 22.9% of the LFI group and 16.8% of the SFI
group. Grade 3 adverse events occurred in 6.7% of the LFI group and 2.6% of the SFI group. No grade 4 or 5 toxicities
were observed. Adverse events did not significantly differ between the two groups.

Conclusions Postoperative radiotherapy, with the specified radiation volume shows encouraging survival outcomes
that are comparable to those of neoadjuvant chemoradiotherapy in patients with thoracic LA-ESCC. Both postopera-

tive irradiation fields were found to be feasible and safe.

Keywords Locally advanced esophageal squamous cell carcinoma, Postoperative radiotherapy, Radiation volume,

Locoregional control, Survival outcomes

Background

Esophageal cancer ranks among the most aggressive
malignant tumors worldwide. Neoadjuvant chemora-
diotherapy followed by surgery is the standard care for
operable thoracic esophageal cancer [1-3]. However, in
China, a considerable number of patients opt for primary
surgery rather than neoadjuvant chemoradiotherapy, as
indicated by a database analysis conducted from Janu-
ary 2009 to December 2014 [4]. Notably, many patients
many patients initially diagnosed with stage T1-2 are
pathologically upgraded to advanced stages (T3-4 or
N+) after surgery. Consequently, more than half of the
patients with locally advanced esophageal squamous cell
carcinoma (LA-ESCC) undergo esophagectomy with-
out prior neoadjuvant treatment. For these LA-ESCC
patients, adjuvant therapy is essential. Previous research
has shown that postoperative radiotherapy (PORT) or
chemoradiotherapy is crucial for selected LA-ESCC
patients, particularly those with T3-4 stages or positive
lymph nodes, who undergo initial radical surgery [5-9].

However, the debate over the optimal clinical tar-
get volume (CTV) for PORT persists, with consensus
yet to be reached [10, 11]. An extensive irradiation field
including tumor bed, bilateral supraclavicular area, medi-
astinal lymph nodes and left gastric and pericardial lym-
phatic might offer better disease control, However, this
approach has resulted in pronounced toxicities in ESCC
patients. Additionally, PORT with extensive irradiation
field has not shown survival benefits over locoregional
irradiation fields [10, 11].

Delineating an appropriate CTV for postoperative radi-
otherapy in thoracic LA-ESCC patients after esophagec-
tomy is essential. Therefore, a multicenter, prospective
randomized, phase IIb clinical trial was designed to eval-
uate the efficacy of two different postoperative radiother-
apy CTVs.

Methods

Patients

Patients meeting the following criteria were eligible for
this randomized trial conducted in 13 hospitals in China:

they had initially undergone radical surgery and received
pathological confirmation of locally advanced thoracic
ESCC (pT3-4a, any N, MO, according to the UICC TNM
staging for esophageal and esophagogastric junction
cancers, seventh edition); patients were between 18 and
70 years old; radical surgery entailed the removal of at
least 12 lymph nodes [12]; an ECOG performance score
of 0 or 1; adequate hematologic, renal, hepatic, and pul-
monary function; no prior neoadjuvant treatment, and
no past or present history of other malignancies. The
main exclusion criteria included: the presence of lymph
nodes with a short axis diameter of at least one centim-
eter on computed tomography (CT) scans or suspicious
residual disease detected via positron emission tomog-
raphy (PET)-CT scans during postoperative evaluations;
prior neoadjuvant or adjuvant treatments before rand-
omization, and a weight loss exceeding 10% of their pre-
surgery body weight at randomization. The protocol was
approved by each institution’s research ethics board, and
all patients provided written informed consent before
any study-related procedures were initiated. The study
adhered to the standards of the Helsinki Declaration of
1975.

Randomization and masking

This trial was registered in ClinicalTrials.gov with iden-
tifier NCT01391572. In this multicenter, prospective,
randomized phase IIb trial, we aimed to investigate the
optimal postoperative radiation volume for LA-ESCC
patients. After completing routine post-surgical exami-
nations, patients were randomly assigned (1:1) to either
the large-field irradiation (LFI) or small-field irradiation
(SFI) group. Stratification was based on the number of
lymph node metastases (LN>3 vs. LN<3) and T stage
(T3 vs. T4a). Enrolled patients then underwent postoper-
ative radiotherapy, followed by sequential chemotherapy.
The central randomization process was conducted by the
Clinical Trial Center of Shanghai Chest Hospital (Shang-
hai, China) using computer-generated lists for each
stratum, considering lymph nodes and T stage as block
factors. Both patients and investigators were not blinded
to the treatment assignments.
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Procedures

Patients were scheduled for postoperative radiotherapy
within eight weeks following radical surgery. Patients
were positioned supine and immobilized with a thermo-
plastic mask. A simulation planning CT was performed,
encompassing an area from the upper edge of the cricoid
to the upper abdomen, utilizing a 5 mm slice thickness.
Essential references for tumor bed delineation included
preoperative and postoperative CT images, surgical
records, and pathology reports. Upper gastrointestinal
endoscopy and esophagography were crucial in identify-
ing the primary tumor’s location. In the SFI group, the
clinical tumor volume (CTV) was limited to the primary
and metastatic lymph nodes’ tumor bed. Conversely, the
LFI CTV included the tumor bed and bilateral supracla-
vicular and upper-middle mediastinal lymph node drain-
age areas. This configuration forms a modified T-shaped
radiation field, extending from the lower edge of cricoid
to 3 cm below the subcarinal region. For tumors situ-
ated in the lower or middle-third of the esophagus, the
LFI region was defined to include upper-middle medias-
tinal lymphatic drainage areas, excluding the supracla-
vicular lymphatic drainage areas. The upper boundary
was set at T1, with the lower boundary defined by the
primary tumor bed (e.g., Additional file 1: Fig. S1, Addi-
tional file 2: Fig. S2). The planning target volume (PTV)
was defined as the clinical target volume (CTV) with
an additional uniform margin of 0.8-1.0 cm. Critical
structures including the lungs, heart, and spinal cord
were contoured to facilitate the evaluation of the treat-
ment plan. Treatment planning employed a simultaneous
integrated-boost intensity-modulated radiotherapy (SIB-
IMRT) technique with the Pinnacle treatment planning
system (Philips Medical Systems).

In the LFI group, patients received 50.4 Gy in 28 frac-
tions (1.8 Gy per fraction) over five weeks. With SIB-
IMRT, the tumor bed received 63 Gy for T4a or 60.2 Gy
for T3, delivered in 28 fractions (2.25 Gy or 2.15 Gy
per fraction) over five weeks. Patients in the SFI group
received 60.2 Gy or 63 Gy in 28 fractions. Positioning
reproducibility was ensured using an orthogonal laser
beam and an electron beam imaging device. A 6-MV
X-ray linear accelerator was used for radiotherapy, fea-
turing a multiple field technique and external beam
radiation.

The treatment plan was evaluated, and the organs at
risk (OARs) documented using isodose contours and
dose-volume histograms. Established dose constraints
for OARs, with slight variations, included the following:
for the lungs, V20 was set below 25% of the total volume,
with a mean dose not exceeding 15 Gy; for the spinal
cord, the maximum dose was below 45 Gy; for the heart,
V30 was set below 40%, and V40 below 30%.
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Following postoperative radiotherapy, patients were
typically scheduled for four cycles of cisplatin-based
chemotherapy, involving a dual-drug regimen. The regi-
men included cisplatin (25 mg/m? days 1-3) and either
5-fluorouracil (5-FU, 600 mg/m? days 1-5) or pacli-
taxel (75 mg/m? day 1), administered at three- to four-
week intervals. Laboratory assessments were conducted
weekly during chemotherapy cycles, and imaging evalu-
ations were performed as needed. Adverse events (AEs)
were closely monitored and classified according to the
National Cancer Institute’s Common Terminology Cri-
teria for Adverse Events (NCI-CTCAE), version 4.0,
throughout the study.

Follow-up and assessment

Upon treatment completion, patients had follow-up vis-
its every three months for the first two years, every six
months for the next two years, and annually from the
fifth year onward. These visits were dedicated to monitor-
ing potential disease relapse, progression, and mortality.
Mandatory routine imaging included enhanced chest CT
scans, esophagography, and ultrasonography of the bilat-
eral supraclavicular fossa and upper abdomen. If symp-
toms such as unexplained weight loss or pain emerged,
interim imaging was permitted before the next sched-
uled visit. If routine examinations suggested a potential
recurrence, additional steps were planned, including his-
tological confirmation when feasible or PET-CT scans.
Treatment assessments were carefully conducted by the
respective investigators, according to the Response Eval-
uation Criteria in Solid Tumors (RECIST) 1.1 guidelines.

Statistical analyses

Data analyses included all patients who were randomly
allocated, adhering to the intention-to-treat (ITT) prin-
ciple. Additionally, A per protocol analysis was also
conducted, with detailed results furnished in the sup-
plementary appendix (Additional file 3: Fig. S3, Addi-
tional file 4: Fig. S4 and Additional file 5: Table S1). The
primary endpoint of this study was disease-free survival
(DES), defined as the time from randomization to the ini-
tial occurrence of disease progression or death from any
cause. Based on the findings of Schreiber et al. [13], the
estimated 5-year DFS rate for the SFI group is 25%. The
present study was designed to assess the potential differ-
ences in DFS between the LFI and SFI groups. To ensure
81% statistical power to detect a hazard ratio of 0.65 with
a significance level of 0.047, a two-sided log-rank test was
used. The study planned a 3-year enrollment period and a
2-year observation period, including a scheduled interim
analysis. Considering a 10% drop-out rate and aiming for
balanced cohort sizes, a minimum of 320 patients was
required, with 160 per group.
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The secondary endpoints included overall survival
(OS), AEs and initial failure patterns. OS was defined as
the time from randomization to death from any cause
or the last follow-up. Both locoregional recurrence-
free survival (LRFS) and distant metastasis-free sur-
vival (DMES) were key components of the data analysis.
Locoregional recurrence included failures in regional
lymph nodes, anastomotic sites, and the tumor bed,
while distant metastasis involved non-regional lymph
nodes (e.g., celiac lymph nodes for upper third thoracic
esophageal cancer, cervical lymph nodes for lower third
thoracic ESCC) and hematogenous spread. LRFS was
measured from randomization to the first locoregional
recurrence, with isolated distant metastases censored
if no locoregional failure was observed by the final fol-
low-up. DMES was measured from randomization to
the initial distant metastasis, being censored at locore-
gional recurrence only, if that was the sole event at the
last follow-up. Survival outcomes were estimated using
the Kaplan—Meier method, and differences in survival
were assessed using the log-rank test. Subgroup analy-
ses for OS and DFS utilized a univariate Cox regression
model, with a subsequent Cox proportional hazards
model to examine prognostic factors associated with
DFS and OS. Differences in treatment failure pat-
terns and AE were evaluated using the Chi-square test.
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Statistical analyses were performed using SPSS 22.0
and GraphPad Prism 7, with a significance level set at
0.05(two-sided).

Results

Patients and treatment

From May 2011 to July 2021, thirteen treatment cent-
ers enrolled 401 patients, who were then randomized to
undergo either large-field irradiation (#=210) or small-
field irradiation (=191, Fig. 1). The demographic and
baseline characteristics were generally well-balanced
between two groups in the intention-to-treat popu-
lation (Table 1). The study population was predomi-
nantly male, comprising 88.0%. The average number of
lymph node dissections was comparable between the
LFI and SFI groups, recorded at 25+11 and 25+12,
respectively. A significant proportion of participants,
precisely 63.3%, were diagnosed with moderately dif-
ferentiated ESCC. In the LFI group and SFI group,
5.7% and 7.3% of patients, respectively, were diagnosed
with stage T4a. Lymph node negativity was reported
in 32.9% of the LFI group and 31.9% of the SFI group.
Furthermore, a notable proportion of patients, 43.3% in
the LFI group and 40% in the SFI group, did not receive
adjuvant chemotherapy after radiotherapy.

Patients with thoracic
ESCC confirmed as
T3/4a after
esophagectomy

Randomized
1:1

Large-field

irradiation group
LFIl, n=210

10 discontinue study:
4 lost to follow-up
2 withdrew
2 discontinue treatment
2 protocol violation

210 patients included
in the intention-to-treat
analysis

Small-field

irradiation group
(SFI, n=191)

15 discontinue study:
10 lost to follow-up
2 withdrew
1 discontinue treatment
2 protocol violation

191 patients included in
the intention-to-treat
analysis

Fig. 1 CONSORT diagram of patients. ESCC, esophageal squamous cell carcinoma; LFl, large-field irradiation; SFI, small-field irradiation; AE, adverse

event
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Table 1 Baseline characteristics of the intention-to-treat population
LFl group SFl group (n=191) p-value
(n=210)
Age, years Median (range) 61(39-70) 62(38-70) 0.45
Gender 0.57
Female 27(12.9%) 21(11.0%)
Male 183(87.1%) 170(89.0%)
Primary Lesions 047
Upper TEC 14(6.7%) 12(6.3%)
Middle TEC 90(42.9%) 71(37.2%)
Lower TEC 106(50.5%) 108(56.5%)
Dissection of LN Mean +SD 25+11 25+12 0.77
Tumor Length, cm Mean+SD 43+14 44+34 045
Tumor Differentiation 0.69
Well 17(8.1%) 12(6.3%)
Moderate 134(63.8%) 120(62.8%)
Poor 59(28.1%) 59(30.9%)
Pathologic T stage 0.51
T3 198(94.3%) 177(92.7%)
T4a 12(5.7%) 14(7.3%)
Pathologic N stage 0.09
NO-N1 153(72.9%) 124(64.9%)
N2-3 57(27.1%) 67(35.1%)
Chemotherapy cycles 042
0 91(43.3%) 76(40.0%)
1 19(9.0%) 12(6.3%)
2 22(10.5%) 23(12.1%)
3 9(4.3%) 14(7.4%)
4 61(29.0%) 62(32.6%)
5 2(1.0%) 0
6 6(2.9%) 3(1.6%)

Abbreviation: LFI large-field irradiation, SFI small-field irradiation, TEC thoracic esophageal cancer, LN lymph nodes, SD standard deviation

Disease-free survival

With a median follow-up time of 41.8 (95%CI, 38.0 to
45.7) months for survivors, disease progression occurred
in 46.6% (95%CI, 39.8% to 53.7%) of the LFI group and
47.6% (95%CI, 40.4% to 55.0%) of the SFI group. The
one-year, three-year DFS rates for the entire cohort were
72.0% (95%CI, 68.9% to 77.8%) and 51.6% (95%CI, 46.4%
to 56.4%), respectively. The median DFS was 47.9 (95%ClI,
22.2 to 73.6) months in the LFI group, closely similar to
the 48.1 (95%CI, 12.1 to 84.0) months of the SFI group
(HR=0.87, 95%CI, 0.65 to 1.16; p=0.32, Fig. 2A). In the
LFI group, the one-year and three-year DFS rates were
76.4% (95% CI, 70.7% to 82.5%) and 51.5% (95% CI, 44.4%
to 63.9%), respectively. In the SFI group, these rates were
67.6% (95% CI, 62.5% to 76.0%) and 51.6% (95% CI, 44.5%
to 59.1%), respectively. Multivariable analyses identi-
fied the primary esophageal cancer lesion (HR=0.71,
95%CI, 0.52 to 0.98; p=0.03), T stage (HR=0.47, 95%CI,
0.28 to 0.81; p=0.006), and the number of lymph node

metastases (HR=0.47, 95%CI, 0.35 to 0.63; p<0.001) as
significant prognostic factors for DFS (Additional file 6:
Fig. S5A). Notably, patients in both groups had a consist-
ent DFS benefit across stratified factors (Fig. 2C).

Overall survival

The median OS for the entire cohort was 74.6 (95%CI,
35.8 to 111.1) months. Specifically, the LFI group had
a median OS of 133.0 (95% CI, 32.1 to 233.9) months,
compared to 73.5 (95% CI, 32.3 to 114.7) months in the
SFI group. Predominantly, mortality was attributable
to ESCC, with the exception of one patient who died of
primary lung cancer; three patients who died of bowel
obstruction and two patients who died of malnutrition;
and two patients who died suddenly due to cardio-
vascular ailments. For the entire cohort, the one-year
and three-year OS rates were 88.0% (95%CI, 84.9% to
91.4%) and 62.0% (95%Cl, 57.1% to 66.8%), respectively.
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No. at risk months
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SFIgroup 191 81 47 27 17

C
Tstage N HR(95% Cl)  p value
T3 375 ——t 0.85(0.63-1.15)  0.29
T4 26 1.25(0.47-333) 066
N stage
NO-1 277 — 1.04(0.71-1.50)  0.85
N2-3 124 —— 0.72(0.46-1.14)  0.16
Age, years
<60 182 —— 0.73(0.48-1.10)  0.13
>60 219 — 1.03(0.69-1.54) 0.88
Gender
female 48 —— 0.97(0.38-249) 0.96
male 353 —e—t— 0.87(0.64-1.18)  0.87
Primary lesions
upper 26 1.10(0.33-360) 0.88
middle 161 L a— 1.03(0.63-1.71)  0.89
lower 214 —— 0.80(0.55-1.16)  0.23
Dissection of LN
<25 234 ——— 1.23(0.84-1.79) 0.28
225 167 —— 0.53(0.34-0.85) 0.007
Tumor differentiation
well 29 1.96(0.53-7.25) 0.29
moderate 254 —— 0.87(0.60-1.26)  0.47
poor 118 ——— 0.75(0.46-1.24)  0.26
Chemotherapy cycles
0-2 244 —_—— 1.01(0.70-1.46) 0.96
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N stage
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<60 182 ——— 0.82(0.51-1.31) 0.40
>60 219 —t—t 0.90(0.60-1.37) 0.63
Gender
female 48 —_—— 0.64(0.25-1.66) 036
male 353 —.r—t 0.91(0.65-1.26) 0.56
Primary lesions
upper 26 1.34(0.42-4.22) 0.62
middle 161 —t———t 1.07(0.65-1.78) 0.78
lower 214 r——t 0.44(0.68-1.05) 0.08
Dissection of LN
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Tumor differentiation
well 29 4.47(0.42-28.9) 0.19
moderate 254 —— 0.93(0.63-1.37) 0.72
poor 118 —— 0.64(0.37-1.13) 0.12
Chemotherapy cycles
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Fig. 2 Disease-free survival and overall survival of the ITT population. Comparing rates of disease-free survival (A) and overall survival (B)
between two groups. Panel (C-D) shows subgroup analysis. No, number; HR, hazard ratio; LN, lymph node

The estimated one-year and three-year OS rates were
89.2% (95%CI, 84.4% to 93.2%) and 63.2% (95%CI,
56.4% to 69.8%) for the LFI group, and 86.6% (95%CI,
81.1% to 91.2%) and 60.7% (95%CI, 52.9% to 67.1%)
for patients in the SFI group, respectively. The differ-
ence of OS between the groups was not statistically
significant (HR=0.86, 95%CI, 0.63 to 1.16; p=0.35,
Fig. 2B). Multivariable analyses showed that patients
undergoing over three cycles of adjuvant chemotherapy
(HR=1.61, 95% CI, 1.07 to 2.10; p=0.02), those with
T3 stage (HR=0.37, 95% CI, 0.22 to 0.62; p<0.001),
and those with fewer than three lymph node metas-
tases (HR=0.50, 95% CI, 0.36 to 0.69; p<0.001) had
extended OS with PORT (Additional file 6: Fig. S5B).
However, subgroup analyses revealed no notable dif-
ferences in OS relative to baseline characteristics and
treatment groups (Fig. 2D).

Locoregional recurrence-free survival and distant
metastasis-free survival

At the data cutoff for this analysis, twenty-seven patients
(12.9%, 95%CI, 9.0% to 18.1%) in the LFI group and 20.4%
(95%CI, 16.0%-28.1%) in the SFI group experienced
locoregional relapse. The median LRFS of both groups
has not been reached. The one-year and three-year LRFS
rates were 92.3% (95% CI: 88.3%-95.8%) and 83.7% (95%
CI: 78.0%-88.4%) in the LFI group, and 87.0% (95% CL:
81.7%-91.6%) and 74.7% (95% CI: 68.0%-80.7%) in the SFI
group. Patients in the LFI group had better locoregional
control than those in the SFI group (HR=0.54, 95%CI,
0.34—0.87; p=0.01; Fig. 3A).

Distant disease was observed in 33.3% of the LFI group
and 29.3% of the SFI group, with the median DMFS not
yet attained in either group. The one-year and three-
year DMES rates were 83.5% (95% CI: 77.4%—88.0%) and
63.6% (95% CI: 56.9%-70.2%) in the LFI group, compared
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304 —— LFI group
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Distant-metastatic-free Survival

No. at risk
LFI group 210 107 43 30 22 8

SFlgroup 191 88 50 29 20 8

Fig. 3 Locoregional-recurrence-free survival and distant-metastasis-free survival. Comparing rates of locoregional-recurrence-free survival (A)
and distant-metastasis-free survival (B) between two groups. No, number; HR, hazard ratio

to 76.3% (95% CI: 69.7%-82.1%) and 66.8% (95% CI:
59.3%-73.0%) in the SFI group. No significant difference
in DMFS was found between the groups (HR=1.05,
95%ClI, 0.74—1.49; p=0.78, Fig. 3B).

Failure patterns and safety

Fewer patients in the LFI group experienced locoregional
recurrence compared to the SFI group (12.9% [27/210]
vs. 20.4% [39/191]), with this difference being statistically
significant (p=0.013). While distant disease was more
prevalent, encompassing 25.7% (103/401) of cases across

Table 2 Failure patterns of the entire population

both groups, compared to locoregional recurrence at
11.0% (44/401). However, no significant difference in the
incidence of distant metastasis between the groups was
found (p=0.326). Concurrent locoregional recurrence
and distant metastasis were documented in 4.3% (9/210)
in the LFI group and 6.8% (13/191) of patients in the SFI
group (Table 2).

The lung was the most common site of metastasis in
both groups, followed by the bone and liver. A higher
incidence of supraclavicular lymph node recurrences was
observed in the SFI group compared to the LFI group,

LFl group (n=210) SFl group (n=191) p-value
Failure patterns 0.010
Local recurrence 18(8.6%) 26(13.6%)
Distant metastasis 60(28.6%) 43(22.5%)
Both 9(4.3%) 13(6.8%)
UN 5(2.4%) 0
Locoregional recurrence 0.013
Locoregional recurrence 27(12.9%) 39(20.4%)
non-LR 65(31.0%) 43(22.5%)
Local recurrence 0.022
In-field only 17(8.1%) 11(5.8%)
Out-field only 10(4.8%) 27(14.1%)
Both 1(0.5%) 2(1.0%)
Distant metastasis (DM) 0.326
DM 69(32.9%) 56(29.3%)
non-DM 23(11.0%) 26(13.6%)

Abbreviation: LFl large-field irradiation, SFI small-field irradiation, LN lymph nodes, LR locoregional recurrence, DM distant metastasis, UN unknown
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involving 15 and 4 patients, respectively. Similarly, celiac
lymph node recurrence manifested in twelve patients
from the LFI group and eleven from the SFI group (Addi-
tional file 7: Fig. S6).

Among patients with local recurrences, a higher pro-
portion of individuals in the SFI group experienced out-
of-field failure compared to those in the LFI group (14.1%
[27/191] vs. 4.8% [10/210], p<0.05). In-field recurrence
was observed in 8.1% (17/210) of patients in the LFI
group and 5.8% (11/191) of patients in the SFI group
(p<0.05, Table 2).

A total of 186 patients (46.4%) experienced adverse
events related to the treatment. The most prevalent tox-
icity observed was grade 2 radiation esophagitis, affect-
ing 22.9% (48/210) of patients in the LFI group and 16.8%
(32/191) in the SFI group. This was followed by grade 2
hematologic toxicity, occurring in 14.3% (30/210) of the
LFI group and 10.5% (20/191) of the SFI group. In the
LFI group, 6.7% (14/210) of patients experienced grade
3 or higher adverse events, including four cases of grade
3 hematologic toxicity, seven cases (3.3%) of grade 3
esophagitis, and two cases of grade 3 pneumonitis. In
contrast, the SFI group had one patient (0.5%) with grade
3 hematologic toxicity, two patients of grade 3 esophagi-
tis, and two patients (1.0%) with grade 3 nausea or vomit-
ing. There were no occurrences of grade 4 or 5 toxicities
in either treatment group. No significant differences in
treatment-related toxicities were observed, and all toxici-
ties were manageable in this study (Table 3).

Discussion

This multi-center, prospective randomized clinical trial is
the first to determine the optimal postoperative radiation
volume for LA-ESCC patients. Comparing the PORT
CTV of large-field irradiation, which encompasses the
bilateral supraclavicular, upper mediastinal lymph node
drainage areas along with the tumor bed (a modified
T-shaped field), with tumor bed irradiation alone, shows
that both groups achieved similar DFS. The results also

Table 3 Adverse events of the intention-to-treat population
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showed that both PORT irradiation fields had promising
OS with no significant differences between groups. Addi-
tionally, the LFI group achieved a superior locoregional
control without a corresponding increase in adverse
events. The 3-year DFS and 3-year OS rates reported in
the CROSS study were 51% and 58%, respectively, while
the NEOCRTEC5010 study reported rates were 68.9%
and 65.8%, respectively. Notably, the survival outcomes
in our study, which specifically included patients with
stage pT3-4aN0-3MO, closely approached the remark-
able survival rates observed in patients from the CROSS
and NEOCRTEC5010 studies who underwent neoad-
juvant chemoradiotherapy [14, 15]. These results sug-
gest that both the modified T-shaped volume and tumor
bed-only irradiation are viable options for LA-ESCC
patients undergoing postoperative radiation therapy. This
provides valuable alternatives for patients who did not
receive standard neoadjuvant chemoradiotherapy.
Neoadjuvant chemoradiotherapy is currently the stand-
ard of care for operable locally advanced esophageal can-
cer. However, it is important to recognize the significance
of adjuvant therapy for patients who initially opt for
radical surgery as their primary treatment due to various
reasons. Postoperative radiotherapy emerges as a poten-
tially beneficial intervention for improving DFS and OS
in ESCC patients with pathologically confirmed stage III
or positive lymph nodes, especially when they have not
undergone preoperative therapy [9, 16—19]. Furthermore,
the prospective study’s survival outcomes indicate that
patients who received PORT achieved 3-year DFS and
OS rates comparable to those observed in the CROSS
study, even though this trial included patients with stage
T3-4 disease. This highlights the potential effectiveness of
PORT for improving outcomes in this patient population.
Defining an appropriate clinical target volume (CTV)
for PORT is of paramount importance in the treatment
of locally advanced esophageal cancer patients. Unfortu-
nately, a consensus regarding the optimal extent of PORT
CTYV following esophagectomy for LA-ESCC has not yet

LFI group (n=210) SFl group (n=191)

Hematological toxicities Grade 2(%)
Grade 3(%)
Esophagitis Grade 2(%)
Grade 3(%)
Pneumonitis Grade 2(%)
Grade 3(%)
Nausea or vomiting Grade 2(%)
Grade 3(%)

30(14.3) 20(10.5)
4(1.9) 1(0.5)
48(22.9) 32(16.8)
7(3.3) 2(1.0)
8(3.8) 10(5.2)
2(0.9)

11(5.2) 8(4.2
1(0.5) 2(1.0)

Abbreviation: LFl large-field irradiation, SF/ small-field irradiation, LN lymph node
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been reached. One plausible approach is to include the
tumor bed, bilateral supraclavicular area, mediastinal
lymph nodes, cardia, and left gastric lymph nodes in the
CTV. This strategy is based on the submucosal lymphatic
drainage pattern and aims to reduce the risk of locore-
gional recurrence [16]. However, previous attempts with
an extensive radiation field failed to reduce in-field recur-
rence and even resulted in increased adverse events [16,
19, 20]. Qiao et al. reported favorable outcomes with a
regional PORT that targeted only the tumor bed and the
immediate lymph node regions of the primary lesion,
with survival rates comparable to those with an exten-
sive radiation field [10]. This aligns with the findings
from a recent prospective randomized study [21], which
included 57 patients with stage pT2-4a or N+ESCC.
In contrast, Lu et al. suggested that the extent of PORT
CTV should be tailored to the primary esophageal can-
cer lesions [11]. The delineation of PORT clinical target
volumes has been a topic of variation and debate for dec-
ades. In our study, we defined a modified CTV for the
large-field irradiation group that included the bilateral
supraclavicular area, upper mediastinal lymph node area
(covering approximately 80% of recurrence sites [22-26],
and the tumor bed. This CTV was then compared with
that of patients in the SFI group.

Survival outcomes were remarkably similar between
the two groups. The large-field irradiation volume, which
included the bilateral supraclavicular, upper mediastinal
lymph node drainage area and tumor bed, demonstrated
superior locoregional control compared to the tumor
bed-only approach without increasing adverse events.
Although local disease control improved, it did not trans-
late into significant differences in DFS, or the observed
gap in OS. It’s worth noting that patients experiencing
local recurrence typically undergo aggressive salvage
therapy [27], which may explain the marginal dispar-
ity observed between the groups. Considering the pre-
dominant location of primary tumors in the lower third
of the thoracic esophagus, the occurrence of relapse in
the celiac drainage area (12 patients in the LFI group
and 9 in the SFI group) was considered acceptable due
to the omission of the left gastric lymph node drainage
area. Additionally, a significant proportion of patients
in both groups experienced distant disease, which could
potentially counterbalance the advantages of local con-
trol in terms of survival. In fact, most patients in this
study ultimately developed distant metastases. These
findings highlight the significance of addressing distant
metastasis as a major contributor to treatment failure in
ESCC patients, even when local control is significantly
improved. Our ongoing research aims to further explore
the mechanisms underlying distant metastasis in ESCC
patients.
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Toxicities remained under control and were well-tol-
erated throughout the duration of this study. Patients in
the LFI group did not experience an increase in adverse
events compared to those who received tumor bed-only
irradiation. Notably, the transposed stomach is one of the
most significant considerations for OAR during PORT.
However, previous research has demonstrated the trans-
position stomach toxicity is manageable with conven-
tional fractionation PORT [15]. Although not initially
specified, a dose to the intrathoracic stomach with a
V50 less than 14.05% was considered potentially accept-
able during the PORT procedure [28]. This tolerable
adverse events can be attributed to the sequential sched-
uling of chemotherapy after PORT, rather than concur-
rent administration with radiotherapy. While concurrent
chemoradiotherapy (CCRT) may be considered a supe-
rior option for patients with locally advanced esophageal
squamous cell carcinoma (LA-ESCC), as previous studies
have suggested [6, 29, 30], it’s important to acknowledge
that CCRT could elevate treatment-related toxicities and
potentially compromise survival outcomes [20, 31-34].
Notably, the survival outcomes observed in this study
were not compromised when compared to the standard
CROSS study, even in the context of a delay in chemo-
therapy administration.

Although this study provides valuable insights into
rational PORT CTVs for LA-ESCC patients following
radical surgery, several limitations must be acknowl-
edged. First, given the long-term enrollment and follow-
up period, some degree of bias was inevitable in this
prospective study due to potential issues with compli-
ance among participants. Second, the study exclusively
focused on LA-ESCC patients, so the applicability of
the proposed PORT volume regimen to esophagogas-
tric junction adenocarcinoma, which is more prevalent
in Western countries, remains to be investigated further.
Additionally, an emerging question is whether the pro-
posed radiation volume is suitable for use in combination
with immunotherapy, warranting future exploration. Fur-
thermore, several questions persist for future research,
such as determining the optimal radiation dose, devel-
oping strategies for treating elderly patients, and evalu-
ating the relative merits of CCRT versus sequential CRT
within the proposed radiation volume.

Conclusions

In summary, LA-ESCC patients undergoing adjuvant
radiotherapy following radical esophagectomy achieve
survival outcomes comparable to those in neoadjuvant
chemoradiotherapy clinical trials. The suggested radia-
tion volume for PORT can be considered as a viable
salvage therapy option for LA-ESCC patients who were
initially treated with radical surgery. Notably, patients
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who received either large-field or small-field irradiation
after initial radical surgery achieved similar survival out-
comes, making both approaches viable salvage therapy
options comparable to neoadjuvant treatment.
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