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Abstract
Purpose To evaluate the survival benefit of combining radiotherapy with surgery in locally advanced esophageal squamous cell
carcinoma (ESCC) patients aged over 65.
Methods Using the SEER database, we selected patients age ≥ 65 years that were diagnosed as locally advanced ESCC during
2004–2013. Cancer-specific survival (CSS) was examined using the Kaplan–Meier analysis and compared by the log-rank test.
Univariable and multivariable Cox proportional hazard models were established to identify possible prognostic factors.
Results A total of 972 cases were included in the study. For surgical patients aged 65–79 years, 74 patients (32.9%) were treated
by surgery alone and 122 patients (54.2%) had received additional neoadjuvant radiotherapy (NRT). NRT + surgery was asso-
ciated with improved CSS comparing with surgery alone (HR, 0.58; 95%CI, 0.39 to 0.85; P = 0.005). In subgroup analysis, NRT
was associated with improved CSS for patients aged 65–74 years (2-year CSS 56.6% versus 39.6%, P = 0.026). No significant
differences of progonosis was observed for different treatment groups in 75–79 years patients (P = 0.972).
Conclusions In this SEER-based study, the addition of neoadjuvant radiotherapy before surgery was associated with improved
CSS for locally advanced ESCC patients aged 65 to 74 years.
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Introduction

Esophageal cancer (EC) is the ninth most common malignan-
cy and ranks sixth in cancer deaths worldwide.1 Esophageal
squamous cell carcinoma (ESCC) is the most common histo-
logical type in Asian contries.2 EC is also a disease for the
elderly, with a median age of 67 years at diagnosis.3, 4 The
mortality rate of EC rises with increasing age. In 2010–2014,

the mortality rate of EC in the USAwas 15.8/100,000 for 65–
69 years old, which was more than three times (4.3/100,000)
than patients aged 50–54 years.3 The much worse mortalrity
rate in elderly EC patients suggested the possible limitation of
current treatment strategy.

Preoperative chemotherapy and neoadjuvant radiotherapy
(NRT) followed by surgery has become the standard treatment
for locally advanced esophageal cancer. The NEOCRTEC5010
trial compared the survival of patients receiving preoperative
chemoradiotherapy + surgery to the survival of patients with
surgery alone.5 They found that for patients with locally ad-
vanced ESCC, those who received additional preoperative che-
moradiotherapy showed an increase of 33.6 months median
overall survival. However, the FFCD9901 trial showed a three-
fold increased postoperative mortality in the patients treated by
neoadjuvant chemoradiotherapy + surgery group than that of
surgery alone.6

This raised the question of whether and when additional
radiotherapy (RT) should be applied. In elderly patients in
particular, the toxicity of chemotherapy and RT is quite pre-
dominant. For example, 38.2% patients aged ≥ 75 years had
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grade 3 or 4 toxicity and nearly three quarters of patients
required hospital visit and/or RT break.7 In the existing stud-
ies, very few elderly patients (aged over 65 years) were
included.8 Whether the elderly surgery patients benefit from
additional RT remains to be elucidated.

In this study, we analyzed the Surveillance, Epidemiology,
and End Results (SEER) Program of the National Cancer
Institute (NCI) database to evaluate the survival impact of
additional RT for locally advanced ESCC surgery patients
aged 65 and older.

Materials and Methods

Data Source

SEER collects cancer incidence and survival data from
population-based cancer registries covering approximately
34.6% of the US population. The SEER Program collects data
on patients demographics, stage of cancer at the time of diag-
nosis, and patient survival.

This study used SEER database data from 1973 to 2013
(BIncidence-SEER 18 Regs Research Data + Hurricane
Katrina Impacted Louisiana Cases, Nov 2015 Sub (1973-
2013 varying)^). Data was extracted, downloaded, and ana-
lyzed using SEER*Stat Software 8.3.2. The patient’s personal
information was not exposed. The Ethics Committee of the
Health Science Center of Xi’an Jiaotong University approved
the study.

Patient Selection Criteria

From the SEER database, 19,010 patients with primary di-
agnosis 65 years of age were enrolled, and 12,407 patients
were obtained according to the inclusion and exclusion
criteria.9 Patients with unknown diagnosis year, age, gen-
der, pathological type, pathological grade, tumor location,
or tumor stage were excluded. Patients with unknown treat-
ment status were excluded.

All patients were clinically staged according to the
American Joint Committee on Cancer (AJCC) 6th edition.10

Surgery patients in this study referred to those who had
esophagectomy.11 Patients who received local tumor destruc-
tion (Esophagus Surgery Code 10–14), local tumor excision
(Esophagus Surgery Code 20–27), or unknown surgery tech-
niques (Esophagus Surgery Code 90) were not considered to
be surgerical patients.

For the purposes of this study, we obtained valid patients
with a diagnosis year in between 2004 and 2013, pathological
type of squamous cell carcinoma, and tumor stage of locally
advanced stage (clinically staged as T3-4N0/xM0 or T1-
4N1M010).

Survival Quantification

Cancer-specific survival (CSS) was used to evaluate survival
time. Survival data was extracted at 1-month intervals for a
minimum follow-up of 4 months to exclude patients survived
not long enough to receive cancer-directed therapy. CSS was
determined from the SEER cause-specific death classification
variable and was evaluated from the date of diagnosis to the
date of EC specific death.

Statistical Analysis

Enrolled patients were first divided into five subgroups by
treatment (Fig. 1). Patient’s characteristics were compared
by chi-square test. CSS was calculated using the Kaplan–
Meier analysis and was compared by the log-rank test.
Univariable and multivariable Cox proportional hazard
models were established to identify covariates associtaed
with CSS. We also used the Cox proportional hazards
model to calculate HRs and 95%CIs. Finally, stratified
survival by age was delineated by Kaplan–Meier analysis.
Significance was identified according to predefined
threshold 0.05. All statistical analyses were implemented
using the statistical analysis software SPSS 22.0 for
Windows (SPSS, Inc., Chicago, IL, USA).

Results

Patient Characteristics

A total of 972 cases with primary diagnosis of locally ad-
vanced ESCC were enrolled. 251 (25.8%) patients re-
ceived surgery. Among the 972 patients, 331 cases
(34.1%) were age 65–69 years, 235 cases (24.2%) were
age 70–74 years, 212 cases (21.8%) were age 75–79 years,
and 194 cases (20.0%) were age 80 years or older. The
majority of patients had tumor diagnosed in cT3 (60.2%),
cN1 (66.7%), and in the thoracic esophagus (84.8%). The
characteristics of the enrolled patients by treatment are
shown in Table 1.

Surgery and RT Utilization

The percentage of patients receiving surgery alone has no
significant difference across age groups. However, the
percentage for patients receiving NRT + surgery therapy
decreased over age (Table 1). Of patients, 20.2% were
treated by NRT + surgery for the 65–69 years age group,
while the percentage dropped to 18.3% and 5.7% for 70–
74 years and age 75–79 years age groups, respectively.
Only 3 out of 194 patients age ≥ 80 years received
NRT + surgery. The same decresing trend was also
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observed for percentage of patients receiving surgery +
postoperative radiotherapy (PORT). Patients receving RT
alone increased from 58.9% of 65–69 years old to 72.7%
of patients ≥ 80 years old. For locally advanced ESCC
aged 65–79 years, 553 patients did not receive surgery
and most of them received RT (88.6%).

For those aged 65–79 years who received surgery, 74 pa-
tients (32.9%) underwent surgery alone, 122 patients (54.2%)
had received NRT followed by surgery, and 29 patients
(12.9%) had received surgery + PORT.

For patients aged over 80, only 3 received NRT + surgery
and one single patient received surgery + PORT. The limited
number of such cases was not suciffient to draw conclusion
for the group and combining them into other age groups may

introduce additional bias. Hence, the patients aged over 80
were excluded in further analysis.

Survival Benefit Evaluation

We first compared the baseline conditions for three groups
(surgery alone, NRT + surgery and surgery + PORT,
Supplementary Table 1). A total of 225 patients aged 65–79
were included. Patients in the NRT + surgery groups were
younger on average (P < 0.001) and more likely to have clin-
ical positive lymph nodes (P = 0.002).

For the whole cohort of 65–79 years old, there was an
improvement in CSS assoctiated with NRT + surgery
(Table 3, Fig. 2). Themedian and 2-year CSSwas 29.0months

Fig. 1 Study workflow. NRT
neoadjuvant radiotherapy, PORT
postoperative radiotherapy, RT
radiotherapy
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and 54.4% for NRT + surgery and 17.0 months and 38.1% for
surgery alone (P = 0.009) (Table 2). However, there was no
difference in CSS associated with PORT for the all whole
cohort of 65–79 years old (P = 0.928). Multivariate analysis
(Table 3) showed that after controlling the possible confound-
ing factors, NRT + surgery remained associated with im-
proved CSS (HR, 0.58; 95%CI, 0.39 to 0.85; P = 0.005).
However, for surgery + PORT group, we failed to observe
significant survival benefit comparing to surgery alone group
(HR, 0.98; 95% CI, 0.60 to 1.62; P = 0.944).

Survival by Age

As shown by Table 1, elder surgical patients were less likely to
be treated by additional NRT, and we further conducted strat-
ified survival analysis in different age groups. As shown by
Fig. 3, the outcome of patients receiving additional NRT dif-
fered greatly across different aged group. For the locally ad-
vanced ESCC patients age 65–74, there was an CSS benefit of
NRTcompared with surgery alone, with the 2-year CSS being
56.6% for NRT + surgery and 39.6% for surgery alone (P =

Table 1 Characteristics of elderly patients with locally advanced ESCC, SEER 2004–2013

Characteristics No. (%) of patients χ2* P*

Surgery alone
(n = 96)

NRT + surgery
(n = 125)

Surgery + PORT
(n = 30)

RT alone
(n = 631)

No surgery or RT
(n = 90)

Age (years) 64.47 < 0.001

65–69 31 (9.4%) 67 (20.2%) 13 (3.9%) 195 (58.9%) 25 (7.6%)
70–74 21 (8.9%) 43 (18.3%) 9 (3.8%) 139 (59.1%) 23 (9.8%)

75–79 22 (10.4%) 12 (5.7%) 7 (3.3%) 156 (73.6%) 15 (7.1%)

80–85+ 22 (11.3%) 3 (1.5%) 1 (0.5%) 141 (72.7%) 27 (13.9%)

Race 14.74 0.064

White 71 (10.2%) 99 (14.2%) 18 (2.6%) 451 (64.6%) 59 (8.5%)
Black 9 (6.1%) 10 (6.8%) 8 (5.4%) 102 (68.9%) 19 (12.8%)

Others 16 (12.7%) 16 (12.7%) 4 (3.2%) 78 (61.9%) 12 (9.5%)

Sex 4.90 0.298

Female 33 (9.5%) 43 (12.4%) 16 (4.6%) 219 (63.3%) 35 (10.1%)
Male 63 (10.1%) 82 (13.1%) 14 (2.2%) 412 (65.8%) 55 (8.8%)

Grade 6.83 0.555

Well 2 (4.5%) 2 (4.5%) 1 (2.3%) 33 (75.0%) 6 (13.6%)

Moderately 44 (10.0%) 57 (12.9%) 16 (3.6%) 282 (63.8%) 43 (9.7%)

Poorly or Un 50 (10.3%) 66 (13.6%) 13 (2.7%) 316 (65.0%) 41 (8.4%)

Tumor location 37.16 0.002

Cervical esophagus 2 (4.3%) 1 (2.2%) 1 (2.2%) 40 (87.0%) 2 (4.3%)

Thoracic
esophagus

84 (10.2%) 115 (14.0%) 23 (2.8%) 525 (63.7%) 77 (9.3%)

Abdominal
esophagus

3 (37.5%) 2 (25.0%) 0 (0.0%) 3 (37.5%) 0 (0.0%)

Overlapping area 5 (11.1%) 3 (6.7%) 5 (11.1%) 29 (64.4%) 3 (6.7%)

Location unknown 2 (4.1%) 4 (8.2%) 1 (2.0%) 34 (69.4%) 8 (16.3%)

cT stage 58.72 < 0.001

T1 9 (8.7%) 7 (6.8%) 2 (1.9%) 73 (70.9%) 12 (11.7%)

T2 12 (13.6%) 17 (19.3%) 2 (2.3%) 51 (58.0%) 6 (6.8%)

T3 72 (12.3%) 89 (15.2%) 23 (3.9%) 361 (61.7%) 40 (6.8%)

T4 3 (2.1%) 9 (6.3%) 3 (2.1%) 106 (73.6%) 23 (16.0%)

Tx 0 (0.0%) 3 (5.8%) 0 (0.0%) 40 (76.9%) 9 (17.3%)

cN stage 39.47 < 0.001

N0 38 (12.4%) 32 (10.5%) 17 (5.6%) 202 (66.0%) 17 (5.6%)

N1 57 (8.8%) 93 (14.4%) 13 (2.0%) 419 (64.7%) 66 (10.2%)

Nx 1 (5.6%) 0 (0.0%) 0 (0.0%) 10 (55.6%) 7 (38.9%)

ESCC esophageal squamous cell carcinoma, NRT neoadjuvant radiotherapy, PORT postoperative radiotherapy, RT radiotherapy

*Chi-square test
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0.026). However, for the patients aged 75–79 years, there
were no difference in CSS (P = 0.972).

Discussion

Using large national cohort data from SEER database, we
compared the CSS benefit from the addition of RT on esoph-
agectomy for locally advanced ESCC patients aged ≥ 65. In
the study, compared with surgery alone, NRT significantly

increased CSS. On subgroup anlysis, the benefit was driven
by patients aged 65 to 74 years.

Multiple studies have observed the clinical benefit of
NRT to espaghal cancer patient survival. The CROSS trial
indicated that patients with esophageal or esophagogastric
junction cancer benefit from preoperative chemoradiother-
apy, and many patients have complete pathological
reaction.8 In addition, in locally advanced ESCC,
NEOCRTEC5010 demonstrated that preoperative chemo-
radiotherapy + surgery improved survival compared with
surgery alone.5 However, elder patients were not recruited
in the trials. In the current study, we observed that in lo-
cally advanced ESCC patients aged over 65, additional
NRT treatment group has better outcome than PORT group
or surgery alone group. This result was also observed in
CROSS and NEOCRTEC5010 studies. Intriguingly, our
analysis showed that there was an age-related differences
in CSS benefit from NRT. Clinical benefit of NRT is only
observed in patients aged between 65 and 74, not for those
aged over 75. This has not been studied previously, since
the number of patients receiving surgery alone was un-
known in both CROSS and NEOCRTE5010 studies. We
failed to observe the significant contribution of age in mul-
tiple Cox regression probably due to its dependence with
other variable. Further studies with larger dataset and more
advanced statistical modeling are warranted to confirm and
interpret this finding.

Whether the treatment of PORT is beneficial to the over-
all survival of locally advanced ESCC is controversial. For
patients who have undergone surgery, many studies failed
to detect the survival benefit from the addition of PORT.12,
13 One study by Xiao et al., however, reported that, for
locally advanced ESCC, surgery with PORT can benefit
patients with stage III and lymph node positive.14 In the
current study, we evaluated the survival benefit of surgery
plus PORT in an elderly cohort of patients with locally
advanced ESCC. The result showed that comparing to sur-
gery alone, additional PORT did not bring survival benefit
to patients aged over 65. Negative result was also observed
in further age-stratified analysis. A possible explanation is
that, in clinical practice, comparing to younger patient, a
longer period is needed for an elderly patient to recover
and receive PORT, which may reduce the treatment effect.
In addition, elderly patients were also more vulnerable to
additional PORT.

To our knowledge, this is the largest study to date specifi-
cally examing the role of surgery and RT for the elderly pa-
tients with locally advanced ESCC. However, our study has
limitations. Firstly, the study is conducted in a retrospective,
nonrandomized manner based on the SEER database and tend
to be influenced by selection biases. In particular, many
influencial factors, surgery type (i.e., if the surgery is a salvage
resection), comorbidities, performance status, as well as patient

Table 2 Patients survival stratified by age, SEER 2004–2013

Cohort Cancer-specific survival

MST (months) 2-year CSS (%) χ2* P*

Overall cohort

Surgery alone 17.0 38.1 Reference

NRT + surgery 29.0 54.4 6.90 0.009

Surgery + PORT 18.0 36.6 < 0.01 0.928

65–74 years old

Surgery alone 18.0 39.6 Reference

NRT + surgery 30.0 56.6 4.93 0.026

Surgery + PORT 18.0 43.6 0.49 0.486

75–79 years old

Surgery alone 14.0 34.8 Reference

NRT + surgery 6.0 31.3 < 0.01 0.972

Surgery + PORT 8.0 14.3 2.99 0.084

MSTand 2-year survival rate were determined by Kaplan–Meier analysis

NRT neoadjuvant radiotherapy, PORT postoperative radiotherapy, RT
radiotherapy, MST median survival time, CSS cancer-specific survival

*Log-rank test

Fig. 2 Kaplan–Meier analysis for cancer-specific survival for locally ad-
vanced ESCC patients aged 65–79. ESCC esophageal squamous cell
carcinoma, NRT neoadjuvant radiotherapy, PORT postoperative
radiotherapy
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choice, were not recorded in SEER. The possible imbalanced
distribution across groups may bias the result. Secondly, to our
knowledge, this study is currently the largest study on elderly
locally advanced ESCC patients, still the sample sizes for sub-
groups, especially for group aged over 80, were quite small.
We previously have conducted a retrospective population-
based study for EC patients aged over 80 to evaluate the

survival benefit of RT, observing that patients benefits from
RT only in localized/regional stage.9 However, in the current
study, the distribution of patients aged over 80 was very dif-
ferent comparing to treatment groups, with very limited num-
ber of cases in comined therapy groups and therefore was
removed to avoid additional analysis bias. Additionally, the
SEER database contains only a binary variable for chemical

Table 3 Cox proportional
hazards analysis for cancer
special survival of locally
advanced ESCC patients aged
65–79, SEER 2004–2013

Variables Univariable analysis Multivariable analysis

P* HR* 95%CI P HR* 95%CI

Age (years) 0.047 0.316

65–74 Reference 1 Reference 1

75–79 0.047 1.21 1.00–1.47 1.11 0.91–1.35

Race 0.622 0.469

White Reference 1 Reference 1

Black 0.540 1.08 0.85–1.37 0.792 1.03 0.81–1.32

Others 0.520 0.92 0.70–1.19 0.256 0.86 0.65–1.12

Sex 0.598 0.679

Female Reference 1 Reference 1

Male 0.598 1.05 0.87–1.26 0.679 1.04 0.86–1.26

Grade 0.254 0.297

Well Reference 1 Reference 1

Moderately 0.176 1.42 0.85–2.36 0.158 1.45 0.87–2.42

Poorly or Un 0.348 1.27 0.77–2.11 0.277 1.33 0.80–2.22

Tumor location 0.366 0.730

Cervical esophagus Reference 1 Reference 1

Thoracic esophagus 0.254 0.80 0.55–1.17 0.552 0.89 0.60–1.32

Abdominal esophagus 0.908 1.06 0.41–2.74 0.722 1.19 0.45–3.15

Overlapping area 0.379 0.79 0.46–1.35 0.483 0.82 0.47–1.42

Location unknown 0.755 1.08 0.66–1.79 0.765 1.08 0.65–1.81

cT stage < 0.001 < 0.001

T1 Reference 1 Reference 1

T2 0.322 1.23 0.82–1.85 0.193 1.32 0.87–2.00

T3 0.344 1.16 0.86–1.56 0.165 1.25 0.91–1.72

T4 0.000 2.24 1.59–3.15 0.000 2.33 1.62–3.33

Tx 0.010 1.83 1.15–2.92 0.024 1.72 1.07–2.77

cN stage 0.465 0.675

N0 Reference 1 Reference 1

N1 0.708 1.04 0.86–1.26 0.395 1.10 0.88–1.37

Nx 0.219 1.53 0.78–2.99 0.678 1.16 0.58–2.31

Treatment < 0.001 < 0.001

Surgery alone Reference 1 Reference 1

NRT + surgery 0.012 0.62 0.43–0.90 0.005 0.58 0.39–0.85

Surgery + PORT 0.910 0.97 0.60–1.58 0.944 0.98 0.60–1.62

RT alone 0.898 1.02 0.76–1.36 0.431 0.89 0.66–1.20

No surgery or RT 0.004 1.80 1.21–2.66 0.039 1.55 1.02–2.33

ESCC esophageal squamous cell carcinoma, NRT neoadjuvant radiotherapy, PORT postoperative radiotherapy,
RT radiotherapy, HR hazard ratio, CI confidence interval

*HR and P values were derived from Cox proportional hazards regression analysis, and multivariable models
were adjusted for all confounding factors listed in the table
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treatment. To our knowledge, comparing to RT, the effect of
chemotherapy varies much greater for different treatment
plan.15, 16 Using only the binary information without dose
and period information may introduce new biaes and was not
included in the current study. Despite above mentioned limits,
the existing data did suggest that it is worthy of extending
current effort with a prospective study in identifying the most
appropriate treatment for the patients of different age
subgroups.

Conclusion

For the elderly patients with locally advanced ESCC, this
SEER-based study suggested an overall benefit from NRT
over surgery alone in patients younger than age 65–74 years
but not in patients age 75–79 years. Further, well-designed
prospective studies are required to more fully address this
issue.
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