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Abstract
Background: This study investigated the prognostic impact of (neo-)adjuvant
radiation therapies in early stage esophageal cancer.
Methods: A retrospective analysis using the Surveillance, Epidemiology, and
End Results (SEER) database was conducted from 2004 to 2016. Patients with
pathologically staged T1-4N0M0 esophageal cancer were divided into two treat-
ment groups: (i) neoadjuvant radiotherapy followed by surgery; and (ii) upfront
esophagectomy followed by adjuvant radiotherapy. Propensity scored match and
Cox proportional hazards model were used to identify covariates associated with
overall survival and cancer-specific survival.
Results: There were 821 patients selected, of whom 588 (71.6%) received neo-
adjuvant radiotherapy and 233 (28.4%) received adjuvant radiotherapy. For the
entire cohort, neoadjuvant radiotherapy was associated with a significantly bene-
fit in five-year survival outcomes compared with adjuvant radiotherapy
(P < 0.01). After matching, the survival outcomes were still better for neo-
adjuvant radiotherapy than that of adjuvant treatment. Stratifying based on path-
ologic tumor status, neoadjuvant radiation was associated with improved CSS
(five-year survival 73.7% vs. 42.1%; P = 0.014) for localized (pT3-4N0) disease.
The Cox multivariate regression analysis revealed that the addition of neo-
adjuvant radiation for pT3-4N0 diseases with tumor length ≥ 5 cm and
squamous cell carcinoma, was a powerful prognostic factor for improved cancer-
specific survival (P < 0.01).
Conclusions: Compared with adjuvant radiotherapy, the addition of neo-
adjuvant radiation for pT3-4N0 diseases has been associated with improved
cancer-specific survival in high-risk patients. Studies on preoperative neoadjuvant
therapies would be plausible in high-risk esophageal cancer patients.

Introduction

Esophageal cancer is the sixth most common cause of
cancer-related death globally, and the incidence of esopha-
geal cancer is increasing.1,2 Patients with resectable esopha-
geal cancer have been reported to have an overall five-year
survival between 15% and 25%.3,4 Although surgery is the
mainstay of potentially curative treatment,5 neoadjuvant or
adjuvant therapies in selected patients have been shown to
improve survival outcomes. However, the optimal timing,
schedules, and chemotherapy (CT), radiotherapy (RT), or

synchronous chemoradiotherapy (CRT) dose rates remain
unclear.6,7

Randomized controlled trials and meta-analyses com-
paring the survival benefits of CT and RT in both the adju-
vant and neoadjuvant settings have reported equivocal,
even sometimes contrasting results.5,8–10 A previous meta-
analysis compared neoadjuvant CT and CRT with surgery
alone, showing both significantly reduced the risk of death
by 13% and 22%, respectively.8 In the CROSS trial,
multimodality treatment with neoadjuvant CRT followed
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by surgery was shown to improve the five-year survival by
14% compared to the surgery alone approach.9,10 From the
adjuvant perspective, CT and RT have been shown to
improve local control and possibly survival in selected
groups such as patients with lymph node positive dis-
ease.5,11 However, even after investigation by several pre-
dominant trials, those studies focus on the locally
advanced nonmetastatic esophageal cancer diseases, and
controversy still exists regarding the optimal treatment
strategy for patients with early stage esophageal cancer.
In this retrospective study, we analyzed the Surveillance,

Epidemiology, and End Results (SEER) database to investi-
gated the prognostic impact of (neo-)adjuvant radiation
therapies in pathologic node-negative esophageal cancer.

Methods

In 1973, the National Cancer Institute established the
SEER program, thereby creating a comprehensive dataset
that holds information on cancer diagnosis, incidence, sur-
vival and treatment modalities. This data is collected from
18 population-based registries among 14 states across the
US, representing nearly 30% of the US population.12 This
retrospective study tracked the data by SEER including
patient demographics, disease characteristics, treatment,

and outcome information. Data for all esophageal carci-
noma patients from 2004 to 2016 (n = 50 743) were
acquired in plain text format from SEER and imported into
SPSS software using modified versions of SEER database
provided scripts. The endpoints of this study included
overall survival (OS) and cancer-specific survival (CSS),
which were the interval between the initial diagnosis of
esophageal cancer and the occurrence of all-cause or
cancer-specific death.
We identified patients diagnosed with pathologic

node-negative esophageal cancer within the SEER database.
The inclusion and exclusion criteria are summarized in
Fig 1. Patients were included for analysis if they were
documented to receive a radiotherapy (neoadjuvant
vs. adjuvant) related to esophagectomy, and recorded as
having one or more examined lymph node (ELN). Patients
who received chemotherapy and external beam radiother-
apy before surgery were included for analysis and were
designated as having received neoadjuvant CRT for their
esophageal cancer.13 The exclusion criteria for data extrac-
tion in this study were (i) patients confirmed to have posi-
tive lymph-nodes involvement at pathological diagnosis,
unknown or positive metastatic status; and (ii) patients
with missing or incomplete data such as survival status
and time, race, T stage, N stage, primary tumor site,

Figure 1 Flow chart for inclusion and exclusion of esophageal cancer patients in this study.
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pathological type, local treatment, and radiotherapy, along
with those who received surgery alone or unknown treat-
ment sequence with respect to the operation.
In an effort to include patients who received different

radiotherapy regimens, the total dose of radiation was not
limited.14 In addition, those who survived <four months
were also excluded, to reduce a bias favoring the (neo-)
adjuvant radiotherapy.9 Since the data from SEER did not
include any patient identifying information, Institutional
Review Board approval was not required.

Statistical analysis

SPSS software version 24.0 (IBM, Armonk, NY, USA) was
used to perform all analyses. Mean and standard deviations
were used for continuous variables, whereas percentages
were used for discrete characteristics. Propensity score
matching (PSM) was used to eliminate baseline demo-
graphic differences and to achieve better patient group
homogeneity by logistic regression model.15 Potential con-
founders included patients’ age at diagnosis, sex, race, dis-
ease site, tumor length, tumor histology, histologic grade,
pathological T stage and ELN. Neoadjuvant RT followed

by surgery (NRT + S) or postop RT followed surgery
(S + RT) pairs were matched 1-to-1with the nearest pro-
pensity score with a caliper width 0.1-fold of the standard
deviation, and an algorithm was used to sequentially match
the next best pair (Figs S1 and S2). Kaplan–Meier survival
analysis and the log-rank test were used for the distribu-
tions of OS and CSS. Multivariable analysis was performed
using the Cox’s proportional hazards regression model.
Statistically significant values were defined as those with a
P-value < 0.05.

Results

There were 821 patients available for analysis after applica-
tion of selection criteria, of whom 588 (71.6%) received
NRT + S and 233 (28.4%) received S + RT. None of the
patients received adjuvant radiotherapy after neoadjuvant
treatment. The baseline unadjusted comparison of patient
demographics by treatment groups (NRT + S vs. S + RT) is
shown in Table 1. Patients who received NRT + S tended
to have a significantly larger total tumor size, younger age
and more localized disease. Conversely, patients in the
S + RT group were older and had a smaller total tumor

Table 1 Comparison of patient demographics and tumor characteristics for the entire patient cohort

Neoadjuvant RT + surgery Surgery + postop RT Overall
Characteristics (n = 588) (n = 233) (n = 821) P-value

Age, year, n (%) <0.001
<60 179 (30.4) 64 (27.5) 243 (29.6)
60–70 273 (46.4) 81 (34.8) 354 (43.1)
≥70 136 (23.2) 88 (37.7) 224 (27.3)

Male sex, n (%) 483 (82.1) 186 (79.8) 669 (81.5) 0.441
Race/ethnicity, n (%) 0.434
White 526 (89.5) 204 (87.6) 730 (88.9)
Other 62 (10.5) 29 (12.4) 91 (11.1)

Disease site, n (%) 0.053
Upper third 31 (5.3) 10 (4.3) 41 (5.0)
Middle third 75 (12.8) 45 (19.3) 120 (14.6)
Lower third 482 (81.9) 178 (76.4) 660 (80.4)

Tumor length, cm, n (%) <0.001
< 3 159 (27.0) 104 (44.6) 263 (32.0)
3–5 198 (33.7) 63 (27.0) 261 (31.8)
≥ 5 231 (39.3) 66 (28.4) 297 (36.2)

Tumor histology, n (%) 0.498
Squamous cell carcinoma 148 (25.2) 64 (27.5) 212 (25.8)
Adenocarcinoma 440 (74.8) 169 (72.5) 609 (74.2)

Histologic grade, n (%) 0.507
Well + moderate 353 (60.0) 134 (57.5) 487 (59.3)
Poor + undifferentiated 235 (40.0) 99 (42.5) 334 (40.7)

Pathological T stage, n (%) <0.001
T0 59 (10.1) 59 (7.2)
T1–2 169 (28.7) 134 (57.5) 303 (36.9)
T3–4 360 (61.2) 99 (42.5) 459 (55.9)

RT, radiation therapy.
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Figure 2 (a) Overall survival between neoadjuvant RT + surgery and surgery + postop RT groups before matching (P = 0.001) ( ) Surgery + postop RT,
( ) Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored. (b) Cancer-specific survival between neoadjuvant RT + surgery and surgery +
postop RT groups before matching (P = 0.006) ( ) Surgery + postop RT, ( ) Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored.

Table 2 Comparison of patient demographics and tumor characteristics for the entire patient cohort after PSM

Neoadjuvant RT + surgery Surgery + postop RT Standardized difference

Characteristics (n = 197) (n = 197) Before After

Age, year, n (%) −0.242 0.019
<60 53 (26.9) 60 (30.5)
60–70 88 (44.7) 73 (37.1)
≥70 56 (28.4) 64 (32.5)

Male sex, n (%) 161 (81.7) 163 (82.7) 0.060 0.059
Race/ethnicity, n (%) −0.062 0.044
White 176 (89.3) 174 (88.3)
Other 21 (10.7) 23 (11.7)

Disease site, n (%) 0.086 0.017
Upper third 11 (5.6) 6 (3.1)
Middle third 30 (15.2) 36 (18.3)
Lower third 136 (69.2) 135 (68.6)

Tumor length, cm, n (%) 0.354 0.006
<3 78 (39.6) 74 (37.6)
3–5 53 (26.9) 62 (31.5)
≥5 66 (33.5) 61 (30.9)

Tumor histology, n (%) 0.053 0.031
Squamous cell carcinoma 52 (26.4) 50 (25.4)
Adenocarcinoma 145 (73.6) 147 (74.6)

Histologic grade, n (%) −0.051 0.028
Well + moderate 113 (57.4) 112 (56.9)
Poor + undifferentiated 84 (42.6) 85 (43.1)

Pathological T stage, n (%) −0.635 −0.000
T1-2 102 (51.8) 102 (51.8)
T3-4 95 (48.2) 95 (48.2)

PSM, propensity score matching; RT, radiotherapy.
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size, earlier pT stage disease compared with patients in the
NRT + S group. A pathological complete response was
achieved in 59 of 588 patients (10.1%) who underwent re-
section after neoadjuvant RT, which likely reflected the
better survival outcomes.
The median follow-up period after diagnosis was

32.5 months (interquartile range, 11–47 months). Among
all patients, those who received NRT + S procedure
showed significantly better OS (five-years OS 69.0%
vs. 45.7%; P = 0.001) and CSS (five-year CSS 74.0%
vs. 59.2%; P = 0.006) when compared to patients in the S
+ RT group (Fig 2). After propensity matching, 197 patients
in the NRT + S group were matched and compared with
197 patients in the S + RT group. Variables were included,
without significant differences in those mentioned demo-
graphics (Table 2). Taking into account for all matched
patients, there were still survival benefits for neoadjuvant
radiotherapy in OS (five-year survival 63.2% vs. 46.5%;
P = 0.019) and CSS (five-year survival 77.2% vs. 58.4%;
P = 0.019) than that of adjuvant treatment (Fig 3). The
univariable analysis and Cox proportional hazards regres-
sion analysis for CSS of all cohort patients after PSM are
described in Table 3. All significant factors in the
univariable analysis were entered into the multivariable

analysis based on the Cox’s proportional hazards regres-
sion model. The multivariate regression analysis indicated
that male (P = 0.029), worse histologically differentiated
grade (P = 0.007) and pathological T stage (P = 0.002)
were independent CSS prognostic factors for pathologically
staged node-negative esophageal cancer. In addition, NRT
+ S was also an independent prognostic factor for CSS
compared with adjuvant radiotherapy (P = 0.041).
On subgroup analysis, neoadjuvant radiation was not

associated with improved overall survival (five-year survival
72.5% vs. 54.9%; P = 0.181) and cancer-specific survival
(five-year survival 80.4% vs. 73.5%; P = 0.619) for pT1-2N0
(early-staged) disease, even for pT3-4N0 (localized) disease
only with a modest but not statistically significant increase
in overall survival (five-year survival 69.5% vs. 43.2%;
P = 0.060). However, neoadjuvant radiation was associated
with significantly improved CSS (five-year survival 73.7%
vs. 42.1%; P = 0.014) for pT3-4N0 disease (Fig 4). The Cox
multivariate regression analysis according to (neo-)adjuvant
radiotherapy on pT3-4N0 disease revealed that the addition
of neoadjuvant radiation for tumor length ≥5 cm (P = 0.006;
95% CI: 1.38–6.78) and squamous cell carcinoma
(P = 0.007; 95% CI: 1.43–9.79) was a powerful prognostic
factor for better CSS than adjuvant treatment (Table 4).

Figure 3 (a) Overall survival between neoadjuvant RT + surgery and surgery + postop RT groups after matching (P = 0.019) ( ) Surgery + postop RT, ( )
Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored. (b) Cancer-specific survival between neoadjuvant RT + surgery and surgery+postop
RT groups after matching (P = 0.019) ( ) Surgery + postop RT, ( ) Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored.

2824 Thoracic Cancer 11 (2020) 2820–2829 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

RT for node-negative esophageal cancer H.-J. Gao et al.



Discussion

This study for the first time compared neoadjuvant radio-
therapy versus adjuvant radiotherapy focus on pathologi-
cally node-negative esophageal cancer. The results
provided evidence of survival advantage of neoadjuvant RT
followed by esophagectomy compared with adjuvant treat-
ment. This finding was also driven by patients with
pT3-4N0 disease on multivariable logistic regression analy-
sis according to (neo-)adjuvant radiotherapy, and the addi-
tion of neoadjuvant radiotherapy for localized disease was
a powerful prognostic factor for improved survival than
adjuvant procedure in high-risk patients.
The impact of neoadjuvant and adjuvant RT in survival

for esophageal carcinoma has been controversial for decades,
making it difficult for practitioners to recommend the most
optimal course of treatment. 5,6,9,10,16 The CROSS trial com-
pared neoadjuvant CRT followed by surgery with surgery
alone and demonstrated that neoadjuvant CRT improved

both locoregional control and distant metastasis-free sur-
vival.5,6 The FFCD-9901 phase III trial also compared neo-
adjuvant CRT along with surgery with surgery alone in
patients with stage I–II esophageal cancer. Initially, the study
recruitment was amended before being stopped early as an
interim analysis demonstrated that the neoadjuvant CRT
along with surgery arm was unlikely to show superiority
(HR, 1.09; 95% CI: 0.75–1.59; P = 0.66).16 Adjuvant thera-
pies appeared less effective compared with neoadjuvant
approaches, but may provide a survival benefit in lymph
node-positive patients; however, this has not been investi-
gated in a formal RCT.9,10 Even most randomized controlled
trials (RCT) focus on this field, and effectiveness of preoper-
ative or postoperative RT was assessed using samples com-
prising solely of patients that underwent surgery alone.
Pasquali et al.17 conducted a network meta-analysis basing
on 33 eligible randomized controlled trials, which revealed
that neoadjuvant therapies along with surgery was superior

Table 3 Univariable analysis and Cox proportional hazards regression analysis for all cohort cancer-specific survival after PSM

Univariable analysis Multivariable analysis

Characteristics P-value HR 95% CI P-value

Age, year, n (%) 0.357
<60 1 (ref)
60–70 0.99 0.63–1.54 0.957
≥70 1.31 0.83–2.06 0.249

Sex, n (%) 0.359
Female 1 (ref)
Male 1.78 1.06–2.99 0.029

Race/ethnicity, n (%) 0.313
White 1 (ref)
Other 0.96 0.54–1.72 0.897

Disease site, n (%) < 0.001
Upper third 1 (ref)
Middle third 1.44 0.55–3.76 0.463
Lower third 0.68 0.25–1.85 0.452

Tumor length, cm, n (%) 0.843
<3 1 (ref)
3–5 0.78 0.48–1.26 0.308
≥5 1.06 0.65–1.71 0.829

Tumor histology, n (%) 0.011
Squamous cell carcinoma 1 (ref)
Adenocarcinoma 0.80 0.46–1.39 0.428

Histologic grade, n (%) 0.003
Well + moderate 1 (ref)
Poor + undifferentiated 1.64 1.14–2.36 0.007

Pathological T stage, n (%) <0.001
T1-2 1 (ref)
T3-4 1.98 1.29–3.04 0.002

Treatment procedure 0.019
Surgery + postop RT 1 (ref)
Neoadjuvant RT + surgery 1.49 1.02–2.19 0.041

HR, hazard ratio; CI, confidence interval; HR, hazard ratio; ref, reference; RT, radiation therapy.
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Figure 4 (a) Overall survival between neoadjuvant RT + surgery and surgery + postop RT groups with pT1-2 subgroup (P = 0.181) ( ) Surgery +
postop RT, ( ) Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored. (b) Cancer-specific survival between neoadjuvant RT
+ surgery and surgery + postop RT groups with pT1-2 subgroup (P = 0.619) ( ) Surgery + postop RT, ( ) Neoadjuvant RT + surgery, ( ) S +
RT censored, ( ) NRT + S-censored. (c) Overall survival between neoadjuvant RT + surgery and surgery + postop RT groups with pT3-4 subgroup
(P = 0.060) ( ) Surgery + postop RT, ( ) Neoadjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored. (d) Cancer-specific sur-
vival between neoadjuvant RT + surgery and surgery + postop RT groups with pT3-4 subgroup (P = 0.014) ( ) Surgery + postop RT, ( ) Neo-
adjuvant RT + surgery, ( ) S + RT censored, ( ) NRT + S-censored.
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treatment followed by surgery along with adjuvant treat-
ments than surgery alone (SUCRA values 0.82, 0.59, and
0.08, respectively). However, neoadjuvant versus adjuvant
RT in patients with nodal-negative esophageal carcinoma
have also not been compared to date.
The gold standard for definitively evaluating the optimal

treatment for pN0 patients might be to conduct a random-
ized controlled trial. However, conducting such a large-
scale trial in this limited subset of patients with esophageal
cancer would be costly, accrue patients slowly, and require
long-term follow-up, making a clinical trial a very difficult
way to demonstrate the superiority of treatment proce-
dures. In addition, with the more convincing benefit of
neoadjuvant therapies described here and previously, it is
unlikely that adjuvant therapies will be tested again. There-
fore, we conducted this retrospective study based on the
SEER database to address this problem. The use of the
SEER database has a significant strength of being able to
investigate uncommon tumor stages with enough power to
even perform subgroup analysis, due to its population-
based nature.18 Furthermore, clinicians should strongly
consider including patients with this stage of disease in
multi-institutional registries to allow further evaluation of
different treatment strategies and outcomes in a prospec-
tive fashion.
There has been an increasing interest in neoadjuvant

therapy, which could potentially downstage cancer, elimi-
nate micrometastasis and ergo increase resectability and
curative resection.9,10 However, utilization of neoadjuvant
therapy, in particular combined CRT, is associated toxicity

which may negatively affect quality of life, and can result
in increased postoperative morbidity and mortality.16,19–22

To solve this problem, Semenkovich et al. created a deci-
sion analysis mode for cT2N0 esophageal cancer, which
estimated 6% patients in this model to represent the pro-
portion of patients who underwent chemoradiation and
were no longer operative candidates because of progression
of disease, patient preference, toxicity of chemotherapy, or
decline in health making them medically unfit for sur-
gery.19 Furthermore, many studies used second-best neo-
adjuvant therapies such as radiotherapy alone,23 or nCRT
including the chemotherapeutic component fluorouracil/
cisplatin16,24 which may be inferior with regard to safety
and postoperative mortality in comparison with the che-
motherapeutic regimen used in the current study (pacli-
taxel/carboplatin according to the CROSS-trial).9,10

Therefore, the identification of higher-risk pN0 esophageal
cancer patients for neoadjuvant therapy would be expected
to yield better results than taking a uniform approach to
this group.
The prognosis for patients with pN0 esophageal cancer

is modulated by T status and histologic grade.25–27 Cur-
rently, the benefit of induction therapy in patients with
preoperative node-negative status is likely to be minimal
given their better prognosis, and induction treatment indeed
may be harmful. However, in case of upstaging in the patho-
logic report to node-positive disease, multimodality therapy
could still be implemented using adjuvant radiotherapy and
chemotherapy.28,29 Modalities generally used to establish
clinical esophageal cancer stage before treatment include

Table 4 Univariable and multivariable HRs for cancer-specific survival according to pT3-4 subgroup characteristics after PSM

Univariable analysis Multivariable analysis

Cohort
Neoadjuvant RT
+ surgery (n = 95)

Surgery + postop
RT (n = 95) HR (95% CI) P-value HR (95% CI) P-value

Sex, n (%)
Male 76 (80.0) 77 (81.1) 1.62 (0.97–2.69) 0.066 1.67 (0.97–2.88) 0.062
Female 19 (20.0) 18 (18.9) 2.94 (0.81–10.6) 0.102 3.88 (0.75–20.2) 0.107

Race/ethnicity, n (%)
White 82 (86.3) 81 (85.3) 1.88 (1.12–3.14) 0.017 1.92 (1.12–3.28) 0.017
Other 13 (13.7) 14 (14.7) 1.33 (0.39–4.44) 0.646 1.09 (0.25–4.74) 0.904

Disease site, n (%)
Upper+Middle third 24 (25.3) 26 (27.4) 2.16 (0.94–4.97) 0.069 3.84 (1.37–10.8) 0.011
Lower third 71 (74.7) 69 (72.6) 1.65 (0.93–2.94) 0.082 1.49 (0.83–2.69) 0.184

Tumor length, n (%)
< 5cm 51 (53.7) 52 (54.7) 1.16 (0.63–2.12) 0.630 1.17 (0.61–2.26) 0.639
≥ 5cm 44 (46.3) 43 (45.3) 3.13 (1.41–6.91) 0.005 3.06 (1.38–6.78) 0.006

Histology, n (%)
SCC 31 (32.6) 31 (32.6) 2.97 (1.31–6.71) 0.009 3.74 (1.43–9.79) 0.007
Adenocarcinoma 64 (67.4) 64 (67.4) 1.38 (0.77–2.48) 0.278 1.16 (0.64–2.10) 0.620

Histologic grade, n (%)
Well+Moderate 49 (51.6) 50 (52.6) 1.62 (0.81–3.26) 0.174 1.26 (0.59–2.67) 0.548
Poor+Undifferentiated 46 (48.4) 45 (47.4) 1.98 (1.03–3.79) 0.040 2.35 (1.12–4.94) 0.024

RT, radiation therapy; SCC, squamous cell carcinoma.
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computed tomography scanning, positron emission tomogra-
phy scanning, endoscopic ultrasound with fine-needle aspira-
tion, and laparoscopy. It is likely that variability in staging
modalities over the course of the study period may have led
to different rates of stage migration over time, particularly as
positron emission tomography has become more accessible
in recent years. Endoscopic ultrasound has also gained popu-
larity and is a valuable tool in clinical staging, but is known
to be less accurate for early-stage lesions such as T1 or T2
compared with more advanced tumors.19,30 Furthermore,
most incidences of understaging are because of missed nodal
disease.31 There are conflicting data from retrospective stud-
ies on the benefit of neoadjuvant chemoradiation for clinical
T2N0 disease, and this observed variability in results may be
due to inaccuracies in clinical staging.19 To address the
tumor downstaging effect of neoadjuvant therapy, as well as
the potential misclassification of clinical nodal categories, we
matched the clinical node-negative stage to pathologic stage
and performed the analysis on patients who received neo-
adjuvant RT. Although this predetermined subset analysis
resulted in decreased numbers for comparison, this allowed
for a more robust statistical analysis. In this study, neo-
adjuvant radiotherapy along with esophagectomy did not
improve survival for pT1-2N0 esophageal cancer in patho-
logically node-negative disease compared with the adjuvant
approach. However, neoadjuvant radiation was associated
with significantly improved CSS for pT3-4N0. disease. This
result demonstrates that identification of higher-risk patients
for induction therapy would be expected to yield better
results than taking a uniform approach to this clinical node
negative stage group.
There are several well-characterized advantages of using

the SEER database. Its large size allows for a rigorous sta-
tistical comparison. As more current survival data are veri-
fied and subsequently released, there will be opportunities
to perform updated analysis of many studies, including this
one. Meanwhile, important limitations of this study that
should be acknowledged are its retrospective character and
lack of randomization, potentially resulting in a con-
founding selection bias. In order to minimize the effects of
this limitation, propensity matching using known con-
founders was performed to improve the comparability
between the two groups. However, due to the inclusion of
two groups receiving treatment partly in different time
periods, it is possible that variables are difficult to measure
with equivalent, which may explain the differences between
the study groups to some extent. In addition, this study
may overestimate the benefits of neoadjuvant therapy,
because the initial treatment intended for the patients who
were treated with RT and did not receive surgery is
unknown. Some of those patients might have been started
on RT with the plan to ultimately undergo esophagectomy,
but never made it to surgery. We are unable to identify

instances of patient death after induction therapy but
before definitive resection. In addition, eligibility for adju-
vant therapies is, however, limited by patient fitness, espe-
cially in those who have prolonged postoperative recovery.
Therefore, not all of these patients may have the physiologic
reserve to receive timely adjuvant therapy after esophagectomy.
In our study, those patients who survived <four months were
excluded to reduce the bias favoring the (neo-)adjuvant radio-
therapy. Finally, limitation inherent to the database does not
provide data on other factors that may influence survival,
including surgical margin status, patient comorbidities, perfor-
mance status, lymphovascular invasion, type of
lymphadenectomy and gene mutations, which may contribute
to a list of unknown confounders affecting outcomes.
In conclusion, although this study had its limitations, it

indicated that the addition of neoadjuvant RT for pT3-4N0
diseases followed by esophagectomy was associated with
improved cancer-specific survival in patients with tumor
length ≥5 cm and squamous cell carcinoma. The identifica-
tion of higher-risk patients for neoadjuvant therapy would
be expected to yield better results than taking a uniform
approach to this population, to avoid unnecessary and pos-
sibly harmful treatment in node-negative diseases.
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Supporting Information

Additional Supporting Informationmay be found in the online
version of this article at the publisher’s website:

Figure S1. Histogram of propensity scores for patients between
the neoadjuvant RT + surgery and surgery + postop RT groups.

Figure S2. Standardized differences of variables between
patients who received neoadjuvant RT + surgery and those who
received surgery + postop RT. Hollow diamond symbolized
differences before propensity matching and black diamond
symbolized differences after propensity matching. Propensity
matching effectively reduced heterogeneity among variables
between the two treatment approaches in comparison.
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