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Background: The impact of radiotherapy on the survival of patients with locally advanced esophageal
cancer (EC) is presently insufficiently explored. Thus, using data from the Surveillance, Epidemiology, and
End Results (SEER) Registry, this study aimed to compare the survival rates of patients with lymph node (LN)
positive EC who received curative resection and were treated by neoadjuvant and adjuvant radiotherapy (RT),
respectively.

Methods: Retrospectively collected data from the SEER database using all 18 SEER registries on patients
that underwent esophagectomy for EC was evaluated. All patients with LN positive pathology who received
either neoadjuvant or adjuvant RT and curative intent esophagectomy from 2004 to 2007 were included. A
comparison of 5-year relative survival outcome among groups categorized by sex, race, age, histology, and
tumor size was performed.

Results: A total of 933 patients were evaluated; 636 (69%) and 297 (31%) received RT in neoadjuvant and
adjuvant setting respectively. Their overall 5-year relative survival rates were 32.8% (95% CI: 28.7-36.9)
and 26.5% (95% CI: 21-32.3) (P=0.058). Patients in the neoadjuvant RT group who underwent curative
resection for squamous cell carcinoma (SCC) of EC had an improved 5-year relative survival rate of 43.4%
(95% CI: 32.5-53.8) compared to 26.5% (95% CI: 15.4-38.9) measured for the adjuvant RT group (P=0.03).
The results further revealed a significant increase in the 5-year relative survival rates for stage T3 and Tx
when RT was given in neoadjuvant setting compared to adjuvant RT group (T3 28.5% vs. 20.2%, P=0.011;
Tx 46.3% vs. 8.9%, P=0.021). When the patients were grouped according to race, sex or age, or based on the
timing of radiation relative to surgery, in the other histological or T stage groups, there were no statistically
significant differences in the 5-year survival rates.

Conclusions: Compared to adjuvant radiotherapy, neoadjuvant radiotherapy results in a better 5-year

relative survival in patients with squamous cell neoplasms and/or T3, Tx stage disease.
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Introduction

Esophageal cancer (EC) is an aggressive and challenging
disease with very poor prognosis (1). It is the 5th most
common gastrointestinal cancer in the US, accounting for
about 1% of all cancers diagnosed every year (2). According
to American Cancer Society, about 17,000 new cases were
reported in 2015, resulting in 15,590 deaths (2).

Histology of EC is dependent on its location, with
squamous cell carcinoma (SCC) being more prevalent
in the upper and middle thirds of the esophagus, and
adenocarcinoma (AC) in the lower third of the esophagus
and at the gastroesophageal junction. SCC is the most
common EC type worldwide and is predominantly
diagnosed in patients from Middle East and central and
eastern Asia. However, a noticeable increase in incidence
of lower esophageal AC accompanied by a decline in
SCC was recently noted in Western countries (3,4).
This upward trend is attributed to changes in lifestyle,
including increasing incidence of obesity and the associated
gastroesophageal reflux disease.

Although surgery is the traditional treatment for EC,
it exhibits modest efficacy, with 5-year survival rate that
typically does not exceed 30% (5). These dismal results have
led to the development of multimodal therapy involving
a combination of several treatment types, such as surgery,
chemotherapy and radiotherapy (RT). The current National
Comprehensive Cancer Network (NCCN) guidelines
recommend neoadjuvant or definitive chemoradiation
for all patients for whom the disease stage exceeds
T1NO (6). However, EC treatment remains non-uniform,
due to the lack of specific recommendations on the timing
of radiotherapy in relation to surgery.

Review of pertinent literature reveals reports on several
randomized trials as a part of which the survival benefit of
preoperative RT and post operative RT was evaluated with
highly inconsistent results. Randomized trials by Launois
et al., Wang et al., Nygaard et al. failed to establish
superiority of preoperative RT versus surgery alone
(7-9). Similarly, Fok et al., Téniere er al. reported no
difference in survival when patients received postoperative
RT in addition to surgery (10,11). However, when
interpreting these findings, it is essential to note that the
aforementioned results pertain to trials conducted before
1992, when treatment strategies were more rigid (12). Also
majority of the patients involved in these trials had SCC.
Consequently, the findings yielded by earlier studies are
no longer applicable. In addition, as the survival advantage
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of neoadjuvant vs. adjuvant RT in lymph node (LN)
positive patients with EC has not been examined, further
research in this field is needed. To fill this gap in the extant
knowledge, in this work, we retrospectively analyzed data
sourced from Surveillance, Epidemiology, and End Results
(SEER) Registry, a US population-based database, to
ascertain if there are any differences in survival outcomes
among patients with LN positive EC who were treated with
neoadjuvant RT vs. adjuvant RT.

Methods

In 1973, National Cancer Institute established the SEER
program, thereby creating a comprehensive dataset that
holds information on cancer diagnosis, incidence, survival
and treatment modalities. This data is collected from 18
population-based registries representing approximately
26% of the US population (13).

For this study, using International Classification
of Diseases for Oncology, 3rd Edition (ICD-0-3),
topographical codes (C1 5.0-15.9) and morphological
codes (histology/behavior: 8050/3, 8070/3, 8140/3, 8260/3,
8030/3, 8261/3, 8480/3), we searched the SEER database
aiming to identify patients that were diagnosed with
non-metastatic LN positive EC between 2004 and 2007
who underwent resection. The data pertaining to these
patients was retrospectively analyzed to obtain information
regarding patient demographics (age, sex, race), tumor
characteristics (histology, size, extent of disease, nodal
involvement) and treatment modalities (surgery, timing of
radiation treatment relative to surgery and type of radiation
received). We used American Joint Committee on Cancer
(AJCC) 6th edition published in 2004 to determine nodal
involvement and disease extent. Finally, the patients who
met the aforementioned inclusion criteria were divided
into two groups according to the timing of RT relative to
surgery (neoadjuvant vs. adjuvant).

Since the data from SEER did not include any patient
identifying information, Institutional Review Board
approval was not required.

Statistical analysis

In the present study, 5-year relative survival rate was the
primary outcome. Kaplan-Meier method was employed
to calculate survival rates and curves. Log-rank test and
Cox proportional regression model were used to conduct
univariate and multivariate analysis, respectively. Relative
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11,572 records identified in
SEER from 2004-2007

I

2,597 records after excluding
those without lymphnode
involvement (NO) and with
positive metastasis (M1)

l

933 records available after
excluding those who dint
recieve combined treatment
modalities ( only surgery or RT)

Figure 1 Patients included in analysis.

S-year survival rate was calculated and compared using
the SEER*Stat software version 8.4.1. In addition, IBM
SPSS version 20 was used to generate Kaplan-Meier curve
for each group (P<0.05 was considered as statistically
significant).

Results
Patient characteristics

A total of 11,572 patients were diagnosed with EC in
2004-2007 and 22.4% (2,597 patients) had LN involvement
without distant metastasis; 933 patients met the previously
delineated inclusion criteria (Figure I). They were separated
into two groups, including 636 and 297 patients, based
on whether they received RT before or after the surgery.
Demographic characteristics of the patients in both groups
are outlined in 7able 1.

Majority of the patients were aged 55 to 64 years (60%),
white (91.6%) and male (85.4%). At 68.2%, adenomas and
AC were the most frequent histological type followed by
SCC at 19.1%. T3 was the most common stage (61.3%) in
both groups. 97.7% of the patients received beam radiation.

Survival effects of various prognostic factors in both
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groups are listed in Table 2. Our analyses revealed no
significant differences in the overall 5-year survival rate
between patients who received RT prior to surgery relative
to those that received RT after surgery (32.8% vs. 26.5%,
P=0.058). Moreover, statistically significant differences in
relative 5-year survival rates of patients with T3 and Tx
stage of EC were noted between neoadjuvant and adjuvant
RT groups (13 28.5% wvs. 20.2%, P=0.011; Tx 46.3% uvs.
8.9%, P=0.021) (Figure 2). Our findings further revealed
statistically significant differences in relative 5-year survival
rates for males (33.2% wvs. 25.9%, P=0.034) and patients
with squamous cell EC (43.4% wvs. 26.5%, P=0.035) in
neoadjuvant RT relative to adjuvant RT group.

However, in multivariate analysis, significant increase
in the 5-year survival rate was observed only in patients
diagnosed with T3 or Tx stage when RT was given in
neoadjuvant setting (P<0.05). More specifically, when the
survival rates of the two groups were analyzed according to
age (P=0.155), race (P=0.06), sex (P=0.054), histological type
(P=0.063) and type of radiology (P=0.073), no statistical
differences were noted.

Discussion

The role of neoadjuvant and adjuvant RT in esophageal
carcinoma outcomes has been controversial for decades,
making it difficult for practitioners to recommend the most
optimal course of treatment. In most extant studies in this
field, effectiveness of preoperative or postoperative RT was
assessed using samples comprising solely of patients that
underwent surgery (14-17). Moreover, meta-analyses of
trials that were conducted more than 2 decades ago revealed
no differences in survival rates among patients that were
subjected to these two treatment modalities (14,18,19).
As survival rates following neoadjuvant vs. adjuvant RT in
patients with nodal-positive esophageal carcinoma have
not been compared to date, this was the goal of the present
investigation.

LN involvement is very common in patients diagnosed
with esophageal carcinoma, especially in AC (20). LN
involvement is observed in approximately 80% of patients
who have T3 tumors, which is an important negative
prognostic factor in patients who undergo curative
resection (21). However, survival rates in this group of
patients have not been assessed in pertinent research.

Our large population-based study focused on this
specific group of patients. We revealed greater benefits of
neoadjuvant vs. adjuvant RT, especially in male patients with
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Table 1 Patient demographics and characteristics

Radiation prior to surgery

Radiation after surgery

Variable P value
No. % No. %
Age groups (years) 0.001
15-44 32 65.3 17 34.7
45-54 135 72.2 52 27.8
55-64 225 68 105 32
65-74 198 72.3 76 27.7
75+ 46 50 46 50
Race 0.102
Black 27 60 18 40
White 591 69.1 264 30.9
Other (American Indian/AK Native, Asian/Pacific 15 45.5 18 54.4
Islander)
Sex 0.797
Male 542 68 255 32
Female 94 69.1 42 30.9
Histological type 0.171
Epithelial neoplasms, NOS 13 68.4 6 31.6
Squamous cell neoplasm 111 62 68 38
Basal cell neoplasm 0 0 1 100
Adenomas and ACs 448 70.4 188 29.6
Cystic, mucinous and serous neoplasm 55 64 31 36
Complex epithelial neoplasm 9 75 3 25
Derived AJCC T, 6th ed (2004+) 0.001
T 59 63.4 34 36.6
T2 99 68.3 46 31.7
T3 404 70.6 168 29.4
T4 67 67 33 33
Tx 7 30.4 16 69.6
Radiation 0.721
Beam radiation 622 68.2 290 31.8
Combination of beam with implants or isotopes 2 50 2 50
Radiation, NOS method or source not specified 12 70.6 5 28.4
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Table 2 Five-year relative survival analysis

Radiation prior to surgery Radiation after surgery

Variable 5_s}';er\e:irv;el|?:)t/(i)\;e 95% G (%) 52;?:\/?2}/:;(9 05% CI (%) P value
Overall 32.8 28.7-36.9 26.5 21-32.3 0.058
Age groups (years)

15-44 26.1 12.3-42.3 18.9 4.6-40.5 0.159

45-54 414 32.6-49.9 27.7 15.8-40.9 0.055

55-64 28.4 22.1-35.0 18.1 19.3-37.6 0.423

65-74 34.7 26.9-42.6 27.5 16.7-39.5 0.098

75+ 22.1 8.6-39.4 19.9 7.9-35.9 0.482
Race

Black 33.1 15.5-51.9 31.1 11.1-53.7 0.240

White 32.8 28.5-37.1 26.6 20.8-32.8 0.054

Other 32.5 11.7-55.4 17.3 2.7-42.6 0.314
Sex

Male 33.2 28.8-37.7 25.9 29.2-20.1 0.034

Female 30.1 19.7-41.1 30.9 15.3-48.0 0.421
Histological type

Epithelial neoplasms, NOS 42.7 15.4-67.8 17.2 0.8-52.9 0.119

Squamous cell neoplasm 43.4 32.5-53.8 26.5 15.4-38.9 0.035

Adenomas and ACs 31.1 26.4-35.9 28.6 21.6-36.0 0.317

Cystic, mucinous and serous 24.8 13.6-37.6 11.2 2.8-26.2 0.057

neoplasm

Complex epithelial neoplasm 27.8 3.8-60.5 67.7 4.8-95.1 0.150
Derived AJCC T, 6th ed (2004+)

T 46.5 31.2-60.4 48.7 28.3-66.3 0.411

T2 42.7 31.5-53.5 34.2 19.5-49.5 0.352

T3 28.5 23.7-33.5 20.2 14.1-27.2 0.011

T4 30.8 19.1-43.3 31.8 14.9-50.2 0.489

Tx 46.3 9.6-77.6 8.9 0.5-33.0 0.021
Radiation

Beam radiation 32.0 27.9-36.2 271 21.5-33.0 0.082

Radiation, NOS method or 65.4 29.6-86.2 N/A N/A -

source not specified

N/A, not applicable.
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Figure 2 Kaplan Meier curve for T3 tumors.

SCC pathology subtype and T3, Tx stage cancer. These
findings may assist oncologists and patients in making
treatment decisions.

RT when given preoperatively, may downstage tumors,
thus making resection easier, with less chance of involving
important margins. Consequently, it could increase
survival rates relative to surgery alone. Meta-analyses
examined as a part of a literature review suggest that this
treatment mode may offer a modest benefit to patients,
reducing the risk of death by 11%, while improving
absolute 2- and 5-year survival from 30% to 34% and 15%
to 18%, respectively (9,12,14,21-23).

However, only one meta-analysis involving patients
that underwent preoperative radiotherapy alone has been
published to date (5). This Cochrane review involved five
randomized trials as a part of which outcomes following
surgery alone were compared to those when surgery was
preceded by preoperative RT. With a median follow-up of
nine years, the outcomes reported in these trials revealed
an improvement in survival among patients that received
combined therapy. The hazard ratio (HR) of 0.89 (95% CI:
0.78-1.01) suggests an overall 11% reduction in the risk
of death and an absolute 2- and 5-year survival benefit of
3% and 4%, respectively (12,24). However, in the analyzed
samples, SCC was the dominant histology, making these
findings less relevant today, given that AC has become more
prevalent in the US, with most tumors located in the distal
esophagus (23-26). Consequently, the role of radiotherapy
in AC, with the potential for more advanced local-regional
tumors, is far less clear.

Our study sample primarily comprised of patients with
AC, and the results show that, while patients with SCC can
benefit more from preoperative radiotherapy, this is not
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the case for those diagnosed with AC. These findings may
indicate that the survival of patients with AC pathology
subtype cannot be improved only by local treatment.

Xiao et al. showed that postoperative RT could improve
the 5-year survival rate in esophageal carcinoma patients
with positive LN metastases, as well as in patients with
stage III disease, when compared with similar patients who
did not receive radiation therapy (27). According to the
reported results, the 5-year survival rates of LN positive
patients were 14.7% and 29.2% (P=0.0698), respectively,
while 13.1% and 35.1% (P=0.0027) was reported for stage
IIT patients. Although no statistically significant differences
were found in the overall 5-year survival rates of these two
groups, as 31.7% was reported for surgery group vs. 41.3%
for surgery and radiotherapy group (P=0.4474), the role
of postoperative radiotherapy in LN positive patients was
addressed in this trial.

Although no survival differences between pre- and
postoperative RT were reported in several existing studies
(5,15,16), when interpreting these findings, it is worth
noting that these analyses were typically based on trials
conducted before 1992, making them less relevant today,
given the advances in treatment options and changes in
patient profiles.

Even though our large population-based study revealed
that preoperative radiotherapy is more beneficial than
postoperative radiotherapy (P=0.024), especially when
offered to male patients with SCC pathology subtype
and T3 stage, several limitations inherent to the SEER
database itself should be noted. Firstly, our results were
yielded by a retrospective analysis. The patients were
grouped based on treatment mode (neoadjuvant vs. adjuvant
radiotherapy) and were thus not randomized, potentially
resulting in a selection bias. Secondly, no information about
chemotherapy, radiation technologies or specific surgical
approach was recorded in the database, making it difficult to
ascertain whether the survival benefit should be attributed
to chemo-radiotherapy, advanced surgery technology
or modern radiotherapy. These aspects require further
investigation, given that the radiation therapy technology
has rapidly evolved during the past few decades, allowing
many tumors located in a wide range of sites to be treated
with highly conformal technology, including intensity
modulated radiotherapy (IMRT) and volumetric modulated
arc therapy (VMAT). The new technologies have enabled
doctors to deliver high doses of radiation to the tumor with
much greater precision, thus limiting the radiation exposure
of the surrounding tissues and organs, thereby dramatically
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reducing morbidity. As survival rates are dependent on the
radiation technologies used, they should also be examined
in future studies. Additionally, as an old version of the N
stage system was employed in our study, the data was not
categorized by the number of LNs, which may limit the
potential for generalizing our results beyond the patients
included in the sample.

Conclusions

Our findings indicate that, in terms of survival rates,
neoadjuvant RT is more beneficial than adjuvant RT to
esophageal carcinoma patients who have LN involvement,
and especially to male patients with SCC pathology subtype
and T3 stage. Clinical trials are needed to further confirm
the role of neoadjuvant RT in this group of positive EC
patients undergoing curative resection.
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