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Abstract
Background: The optimal treatment for elderly patients with esophageal cancer 
(EC) remains controversial. In the present study, we aimed to investigate whether 
elderly patients with stage II– III EC could benefit from trimodal therapy.
Methods: The selected elderly patients with stage II– III EC between 2004 
and 2015 were included in a retrospective cohort study from the Surveillance, 
Epidemiology, and End Results database. The patients were divided into two 
groups based on whether or not they underwent surgery. The inverse probability 
of treatment weighting (IPTW) analysis was used to balance the confounding fac-
tors between the two groups. The Cox regression analysis, the log- rank test, and 
the Kaplan– Meier curves were conducted to identify the survival benefits of dif-
ferent treatment regimes.
Results: A total of 1596 patients were included in this cohort study, in which 278 
patients underwent surgery. In the combination of chemoradiotherapy and sur-
gery group, there were more male patients, more patients aged between 75 and 
79 years, and more married patients in the surgery group. Moreover, there were 
more patients with adenomatous carcinoma, more patients with a tumor size of 
less than 5  cm, and more patients with a T3  stage in the combination group. 
In the survival analysis, patients in the combination group had a longer overall 
survival (OS) and EC- specific survival (ECSS). After IPTW analysis, the survival 
analysis generated similar results. The competitive risk model found that our re-
sults were stable. There was still a significant difference in OS and ECSS between 
the combination group and chemoradiotherapy alone group for esophageal ad-
enocarcinoma (p < 0.001).
Conclusions: Elderly patients with stage II– III EC, especially those with adeno-
carcinoma, could benefit from the combination of surgery and chemoradiotherapy.
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1  |  INTRODUCTION

As a common tumor in digestive system, the annual in-
cidence of esophageal cancer has ranked seventh among 
all new cases worldwide, and at the meantime the annual 
mortality has already ranked sixth.1 What is more, the 
aging of population has also led to a continuous increase 
in the proportion of elderly patients with esophageal 
cancer. According to a recent survey in China, the risk 
of suffering from esophageal cancer reached the peak in 
the age group of 75– 84 years old both in male and female 
patients.2 Unfortunately, due to the vulnerable vigilance 
of elderly population and the lack of typical symptoms 
during the early stage, the vast majority of elderly patients 
with esophageal cancer were already in the advanced situ-
ation when they were first diagnosed.

Previous studies have confirmed that since the inva-
sive depth of esophageal cancer exceeded the submucosa 
(T1b), there might be a high likelihood of lymph node me-
tastasis, even a nodal skip metastasis, which was caused 
by the complex lymphatic drainage networks in the 
esophageal wall.3,4 Thus, as the guideline recommended, 
the reasonable treatment for patients with stage Ⅱ– Ⅲ 
esophageal cancer is the combination of surgery and 
chemoradiotherapy (SCRT), especially with the preoper-
ative neoadjuvant chemoradiotherapy.5 However, several 
retrospective studies have demonstrated that the deterio-
rative physical condition and the multiple comorbidities 
of elderly patients caused a significant increase in terms 
of postoperative complications and perioperative mor-
tality.6- 8 Considering these potential adverse outcomes, 
elderly patients with locally advanced esophageal cancer 
preferred to receive definitive chemoradiotherapy (CRT) 
rather than the trimodality therapy including surgery.9 To 
date, whether elderly patients with stage Ⅱ– Ⅲ esopha-
geal cancer could benefit from the trimodality therapy re-
mains controversial.

In this study, we retrieved data from the Surveillance, 
Epidemiology, and End Results (SEER) database and 
aimed to compare the short-  and long- term survival out-
comes between SCRT and CRT for elderly patients with 
stage Ⅱ– Ⅲ esophageal cancer.

2  |  MATERIALS AND METHODS

2.1 | Patient population

Through the National Cancer Institute SEER*Stat soft-
ware version 8.3.6 (seer.cancer.gov/seerstat), we obtained 
the clinical data of over 75- year- old patients with the 
first primary esophageal cancer from an incidence- SEER 

18 population- based registries. A total of 9992 over 
75- year- old patients who were first primarily diagnosed 
with malignant tumors of esophagus between 2004 and 
2015 were obtained. From these patients, we screened out 
patients who were diagnosed with stages Ⅱ– Ⅲ based on 
the sixth edition of TNM staging of esophageal cancer. In 
addition, patients who did not receive radiation therapy 
and chemotherapy were excluded. All patients were di-
agnosed with esophageal cancer according to a positive 
histology. We divided the patients into surgery group 
(code 30– 90) and non- surgery group (code 0). At last, 
eligible 1596 stages Ⅱ– Ⅲ over 75- year- old patients were 
included in this study. The whole flowchart is shown in 
Figure  1. Patient identification, age of diagnosis, race/
ethnicity, year of diagnosis, sex, marital status, primary 
site, TNM stage, T stage, N stage, histology type, nuclear 
grade, surgery, chemotherapy, radiation therapy, tumor 
size, cause- specific death classification, vital status, and 
survival month were collected form the SEER database. 
The overall survival (OS) and esophageal cancer- specific 
survival (ECSS) were considered to be the main endpoint 
of this study. Meanwhile, eligible 368  stages Ⅱ– Ⅲ over 
75- year- old esophageal cancer patients were obtained and 
selected from SEER Research Plus Data under the same 
condition.

2.2 | Statistical analysis

A Pearson's chi- squared and Fisher's test were, respec-
tively, used to compare the baseline data and clinical 
characteristics of patients between the surgery and non- 
surgery groups according to the data types and structures. 
For further analysis, patient age was classified in 5- year 
age ranges. And, year of diagnosis was evenly divided into 
two phases and tumor size was divided by 5 cm. However, 
everything else remained the same. Univariate and multi-
variate Cox regression analyses were performed to evalu-
ate independent prognostic factors for OS and ECSS. The 
survival curves were drawn through the Kaplan– Meier 
method. To balance the clinicopathological characteristics 
between two groups, the inverse probability of treatment 
weighting (IPTW) was conducted using the “MatchIt” R 
package. We calculated the propensity scores using pro-
pensity scores including the following variables: patient 
age, race, sex, marital status, year of diagnosis, primary 
site, nuclear grade, histology type, TNM stage, T stage, N 
stage, and tumor size. Moreover, we used competitive risk 
model to assess the consistency of the results. All statis-
tical analyses were performed using R software (version 
3.6.3) with two- sided testing and p < 0.05 was considered 
significant.
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3  |  RESULTS

3.1 | Patients characteristics

A total of 1596 patients were included in this cohort 
study based on exclusion and inclusion principles 
(Figure 1). Table 1 shows the comparison of the clin-
icopathological characteristics of 278 patients who 
underwent surgery and 1318 patients who did not 
undergo surgery. Compared with the non- surgery 
group, more individuals who underwent surgery were 
White, male, 75– 79 years old, or married. In addition, 
patients with adenomatous carcinoma, patients with 
tumor size less than 5 cm, and patients with a T3 stage 
had access to receiving surgery. After IPTW, the base-
line characteristics of two groups majority were kept 
balance (SMD <0.1). Other pathological characteris-
tics, such as grade, histology, tumor size, T stage, and 
N stage, were hardly balanced between two groups 
(Table 1).

3.2 | Identification of independent 
prognostic factors

Univariate and multivariate Cox regression analyses were 
performed to identify independent prognostic factors for OS 
and ECSS in over 75- year- old patients with esophageal can-
cer. In univariate and multivariate analyses for OS, T stage 
was significantly associated with OS in elderly esophageal 
cancer patients. Meanwhile, marital status, age group, year 
of diagnosis, tumor size, and surgery were independent fac-
tors affecting the OS of elderly esophageal cancer patients 
(Table 2). In addition, nuclear grade and N stage instead of 
tumor size may also be the independent factor in the uni-
variate and multivariate analyses for ECSS (Table 2). After 
IPTW, sex, race, marital status, age group, year of diagnosis, 
tumor size, T stage, and surgery all were independent fac-
tors affecting the OS and ECSS of elderly esophageal cancer 
patients. Tumor size and nuclear grade may be the inde-
pendent factors, respectively, affecting the OS and ECSS of 
elderly esophageal cancer patients (Table 3).

F I G U R E  1  Flowchart of screening out elderly patients with esophageal cancer in this study
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T A B L E  1  The clinicopathologic baselines of patients between two groups in esophageal carcinoma patients before propensity score 
matching

Characteristic

Unweighted population

SMD

Population after IPTW

SMD
Non- surgery group 
(N = 1318)

Surgery group 
(N = 278)

Non- surgery 
group

Surgery 
group

Race 0.204 0.058
White 1172 (88.9%) 261 (93.9%) 89.8% 90.7%
Black 75 (5.7%) 6 (2.2%) 5.1% 4.7%
Other 69 (5.2%) 11 (4.0%) 5.0% 4.6%
Unknown 2 (0.1%) 0 (0.0%) 0.1% 0.0%

Gender 0.284 0.083
Female 384 (29.1%) 48 (17.3%) 27.1% 23.5%
Male 934 (70.9%) 230 (82.7%) 72.9% 76.5%

Age group 0.736 0.072
75– 79 years 681 (51.7%) 224 (80.6%) 56.7% 53.8%
80– 84 years 447 (33.9%) 53 (19.1%) 31.4% 34.8%
85+ years 190 (14.4%) 1 (0.4%) 12.0% 11.5%

Year of diagnosis 0.033 0.042
2004– 2009 567 (43.0%) 115 (41.4%) 42.5% 44.6%
2010– 2015 751 (57.0%) 163 (58.6%) 57.5% 55.4%

Marital status 0.310 0.163
Married 746 (56.6%) 198 (71.2%) 59.2% 66.1%
Other 519 (39.4%) 74 (26.6%) 37.2% 32.0%
Unknown 53 (4.0%) 6 (2.2%) 3.7% 1.9%

Grade 0.299 0.161
I 49 (3.7%) 6 (2.2%) 3.5% 2.7%
II 479 (36.3%) 91 (32.7%) 35.8% 37.9%
III 507 (38.5%) 139 (50.0%) 40.4% 34.6%
IV 20 (1.5%) 8 (2.9%) 1.6% 1.1%
Unknown 263 (20.0%) 34 (12.2%) 18.7% 23.7%

Histology 0.642 0.316
EAC 710 (53.9%) 222 (79.9%) 58.4% 51.7%
ESCC 523 (39.7%) 36 (12.9%) 35.1% 31.7%
Other 85 (6.4%) 20 (7.2%) 6.6% 16.5%

Tumor size 0.322 0.214
<5 cm 438 (33.2%) 126 (45.3%) 35.2% 45.6%
≥5 cm 396 (30.0%) 88 (31.7%) 30.4% 25.0

Unknown 484 (36.7%) 64 (23.0%) 34.4% 29.3%
T stage 0.295 0.126
T1 110 (8.3%) 10 (3.6%) 7.5% 6.5%
T2 304 (23.1%) 60 (21.6%) 22.7% 27.9%
T3 732 (55.5%) 186 (66.9%) 57.6% 53.1%
T4 172 (13.1%) 22 (7.9%) 12.2% 12.4%

N stage 0.120 0.108
N0 531 (40.3%) 100 (36.0%) 39.7% 43.8%
N1 783 (59.4%) 178 (64.0%) 60.1% 56.2%
NX 4 (0.3%) 0 (0.0%) 0.3% 0.0%

Abbreviations: EAC, esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; IPTW, inverse probability treatment weighting; SMD, 
standardized mean difference.
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3.3 | Survival analysis for OS and ECSS

The Kaplan– Meier analysis indicated that patients with 
chemoradiotherapy plus surgery had longer OS and ECSS 
compared with the ones with only chemoradiotherapy 
(Figure 2A,B). The 1- , 3- , and 5- year OS rates were 69.42%, 
39.02%, and 24.71% in the chemoradiotherapy plus sur-
gery group and the 1- , 3- , and 5- year OS rates were 54.58%, 
21.85%, and 12.44% in the only chemoradiotherapy group, 
respectively. Likewise, the 1- , 3- , and 5- year ECSS rates 
of the chemoradiotherapy plus surgery group were higher 
than the ones with only chemoradiotherapy group (1- year 
ECSS rate: 74.59% vs. 59.08%, 3- year ECSS rate: 46.31% vs. 
27.99%, and 5- year ECSS rate: 35.34% vs. 19.64%). After 
IPTW, the clinicopathologic baselines of two group ma-
jorly achieved balance (Table 1). The OS and ECSS sur-
vival curve after IPTW showed the similar results with 

before IPTW in chemoradiotherapy plus surgery group 
and only chemoradiotherapy group (Figure 2C,D). In ad-
dition, the similar results were obtained using stages Ⅱ– Ⅲ 
over 75- year- old esophageal cancer patients between 2016 
and 2017 from SEER Research Plus Data. The chemora-
diotherapy plus surgery group was associated with better 
OS and ECSS of stages Ⅱ– Ⅲ over 75- year- old esophageal 
cancer patients (Figure S1).

3.4 | Subgroup analysis

Considering the variation in the treatment of esophageal 
cancer among different pathological types, we conducted 
the Kaplan– Meier analysis between chemoradiotherapy 
plus surgery group and only chemoradiotherapy group 
in esophageal squamous cell carcinoma (ESCC) and 

F I G U R E  2  Kaplan– Meier curves for OS and ECSS of patients with esophageal cancer. (A and B): Kaplan– Meier OS curves between 
chemoradiotherapy plus surgery group and only chemoradiotherapy group before (A) and after (B) inverse probability of treatment 
weighting, (C and D): Kaplan– Meier ECSS curves between chemoradiotherapy plus surgery group and only chemoradiotherapy group 
before (C) and after (D) inverse probability of treatment weighting. Abbreviations: ECSS, esophageal cancer- special survival; OS, overall 
survival; CR, chemoradiotherapy group; SCR, surgery plus chemoradiotherapy group
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esophageal adenocarcinoma (EAC). In EAC, patients with 
chemoradiotherapy plus surgery had longer OS and ECSS 
compared with the ones with only chemoradiotherapy be-
fore and after IPTW (Figure  3A– D). While, the survival 
advantage of surgery was not significant in ESCC before 
IPTW (Figure  4A,B). Similarly, the survival benefit of 
OS and ECSS was not significant between chemoradio-
therapy plus surgery group and only chemoradiotherapy 
group after PSM (Figure 4C,D).

3.5 | Competitive risk model

We performed competitive risk model to assess the stabil-
ity of results. The cumulative incidence curve indicated 
that the cancer- special death between chemoradiotherapy 
plus surgery group and only chemoradiotherapy group was 

significant for EAC but ESCC (Figure S2A– C). Univariate 
and multivariate competitive risk model confirmed that 
marital status, age group, year of diagnosis, nuclear grade, 
T stage, N stage, and surgery were independent factors af-
fecting patient's survival (Table S1). After IPTW, histology 
and sex instead of nuclear grade may be independent fac-
tors affecting the prognosis of patients (Table S1).

4  |  DISCUSSION

Esophageal cancer has caused a tremendous burden on 
human health due to its poor prognosis. The overall 5- year 
survival rate of esophageal cancer is barely maintained at 
10%– 30% all over the world.10 All along, clinicians are 
constantly exploring new technologies and methods to 
improve the long- term prognosis, such as the application 

F I G U R E  3  Kaplan– Meier curves for OS and ECSS of patients with esophageal adenocarcinoma. (A and B): Kaplan– Meier OS curves 
between chemoradiotherapy plus surgery group and only chemoradiotherapy group before (A) and after (B) inverse probability of treatment 
weighting, (C and D): Kaplan– Meier ECSS curves between chemoradiotherapy plus surgery group and only chemoradiotherapy group 
before (C) and after (D) inverse probability of treatment weighting. Abbreviations: ECSS, esophageal cancer- special survival; OS, overall 
survival; CR, chemoradiotherapy group; SCR, surgery plus chemoradiotherapy group
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of neoadjuvant chemoradiotherapy, minimally invasive 
esophagectomy, and the latest immunotherapy or tar-
geted therapy. Accordingly, both the univariate and mul-
tivariate cox regression analyses in our study showed that 
the period of diagnosis was a significant risk factor for 
survival. Patients diagnosed in latter 6 years had a better 
OS, which we inferred, was attribute to recent advances 
in treatment. However, Molena et al. previously evaluated 
a SEER- Medicare cohort that contained 5072 esophageal 
cancer patients aged over 65 years and found that 34.74% 
of these patients received no clinical treatment, the major-
ity of them (48.49%) received definitive chemoradiation.11 
Similarly, this phenomenon was also existed in our study 
with only 278 patients included in SCRT group while 1318 
patients included in CRT group. In addition, nearly 81% 
of the patients in SCRT group were aged 75– 79  years. 

Interestingly, in this study, we found that the combination 
of surgery and chemoradiotherapy significantly improved 
the survival outcomes compared to chemoradiotherapy 
alone for elderly patients with stage Ⅱ– Ⅲ esophageal 
cancer.

At present, high- level evidence from randomized con-
trolled trials (RCTs) for elderly patients with esophageal 
cancer is still lacking. Clinically, patients over 75  years 
old were generally excluded from RCTs. For instance, the 
eligible patients recruited in the Chemoradiotherapy for 
esophageal cancer followed by Surgery Study (CROSS 
trial) only aged 18– 75 years.12 A previous systematic re-
view evaluated two RCTs and found that the addition of 
esophagectomy to chemoradiotherapy failed to improve 
the OS in locally advanced esophageal cancer, but in-
creased treatment- related mortality unfortunately.13 In 

F I G U R E  4  Kaplan– Meier curves for OS and ECSS of patients with esophageal squamous cell carcinoma. (a and b): Kaplan– Meier OS 
curves between chemoradiotherapy plus surgery group and only chemoradiotherapy group before (A) and after (B) inverse probability of 
treatment weighting, (C and D): Kaplan– Meier ECSS curves between chemoradiotherapy plus surgery group and only chemoradiotherapy 
group before (C) and after (D) inverse probability of treatment weighting. Abbreviations: ECSS, esophageal cancer- special survival; OS, 
overall survival; CR, chemoradiotherapy group; SCR, surgery plus chemoradiotherapy group
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addition, a series of single- center retrospective studies 
and meta- analysis showed higher rates of postoperative 
complications and mortality in the elderly group when 
compared to the younger patients.6,14- 16 Actually, whether 
advanced age by itself has a negative effect on surgical 
outcomes is still under debate. Interestingly, a growing ev-
idence revealed that esophagectomy has played a positive 
role in the treatment of elderly patients with esophageal 
cancer. Fang et al. reported no significant difference in 
overall or cause- specific 5- year survival in patients aged 
70 and over undergoing esophagectomy with three- field 
lymph node dissection.17 Based on the Charlson comor-
bidity index, Paulus et al. compared the octogenarian 
group with the case- matched younger group and revealed 
similar outcomes in terms of postoperative morbidity 
(56% vs. 45%), mortality (9% vs. 9%), and length of hos-
pital stay (18 days vs. 13 days).18 Similarly, a recent meta- 
analysis reported that in its subgroup analysis, the 30 days, 
90 days, and in- hospital mortality rates in older patients 
(≥75 years) undergoing the minimally invasive esophagec-
tomy were comparable to younger counterparts.19

It is well known that the different combinations of sur-
gery, chemotherapy, and radiotherapy have become the 
mainstay of treatment for stage II– III esophageal cancer 
in recent decades, yet the therapeutic effects remain vari-
able and nonuniform. The OEO2 trial conducted by Allum 
et al. evaluated the role of neoadjuvant chemotherapy and 
showed an improved 5- year survival of 23.0% compared 
with 17.1% for surgery alone. In addition, this survival 
benefit was achieved both in esophageal squamous cell 
carcinoma and adenocarcinoma.20 Furthermore, the re-
markable CROSS trail was initiated to compare the pre-
operative chemoradiotherapy plus surgery with surgery 
alone in patients with resectable esophageal tumors. The 
trimodality approach presented significant better OS but 
similar postoperative complications and in- hospital mor-
tality compared to surgery alone.12 On the other hand, 
Hategan et al. analyzed 102 patients and found that the 
trimodality therapy offered higher rates of 2- year survival 
and 5- year survival compared with the definitive chemo-
radiotherapy in their cancer center.21 In contrast, data 
from a recent meta- analysis only showed a non- significant 
trend toward survival benefit for trimodality therapy com-
pared to definitive chemoradiotherapy when considering 
the equal baseline conditions in different groups.22

Previously, both in retrospective and prospective stud-
ies, definitive chemoradiotherapy has been confirmed 
to be well tolerated and effective in elderly patients with 
esophageal cancer.23,24 However, given concern for the 
additional surgical trauma, the safety and efficacy of tri-
modality therapy for elderly patients are still uncertain. 
Interestingly, our study demonstrated better OS and 
cancer- specific survival for SCRT over CRT in elderly 

patients, while attribute to the limited information from 
SEER database, the precise combination forms, and reg-
imens of treatment were not fully clear. What is more, 
the further inverse probability treatment weighting 
analysis revealed the survival advantage in SCRT group 
as well. A recent retrospective study with 89 elderly pa-
tients (≥75  years) showed no cases of 30- day or 90- day 
mortality but favorable OS and progression- free survival 
in patients who underwent the trimodality therapy.25 A 
multi- institutional analysis evaluated 571 patients from 
three high- volume cancer centers in USA and found that 
elderly patients with trimodality therapy experienced 
more postoperative cardiac and pulmonary toxicities than 
the younger counterparts.26 Nevertheless, authors pointed 
out that although there was a higher risk of 90- day mortal-
ity (5.4 vs. 2.2%), the disease- free survival was comparable 
between the two cohorts, suggested that the aggressive tri-
modality therapy is a reasonable option for suitable older 
patients.

We also noticed the different distribution of histologi-
cal subtypes between the cohorts in our study. Only 12.9% 
of the patients in SCRT group were squamous cell car-
cinoma (SCC) cases, while in CRT group the proportion 
reached 39.7%. Apparently, most of the elderly patients 
with SCC in our study received chemoradiotherapy alone. 
We speculated that this tendency was mainly based on the 
published results that chemoradiotherapy showed better 
curative effect on SCC.12,13,27 Accordingly, we further con-
ducted a subgroup analysis among the different histolog-
ical subtypes. The Kaplan– Meier analysis revealed that 
SCRT obtained a significantly better OS among elderly pa-
tients with adenocarcinoma (AC) compared to CRT alone. 
However, consistent with the results reported by Koeter 
et al,28 it seemed that the addition of surgery to chemora-
diotherapy did not significantly improve the survival out-
come for those with SCC. But a similar critical issue that 
cannot be ignored is the small sample size of trimodality 
therapy included in both SCC groups. As we all known, 
differ from the high incidence of esophageal AC in west-
ern countries, the predominant histological subtype in 
Asia, especially in China, is SCC.1 Thus, more large sam-
ple data of elderly patients from these regions are urgently 
needed to elevate the level of relevant evidence.

The advantage of our study is the utilization of SEER 
database. Based on its huge volume of population in real 
world, we can directly obtain sufficient clinical informa-
tion and accurate survival data toward target patients, 
especially for those with relatively rare characteristics. 
On the other hand, our study also has several limitations. 
First, the free version of SEER database cannot provide 
either the definite regimen and sequence of chemother-
apy, or the detailed dose of radiotherapy. It is commonly 
believed that variable chemoradiotherapy regimen 
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standards were applied in different histological subtypes 
and age groups. Second, the lack of information on co-
morbidities and performance status of included elderly 
patients made it hard to evaluate the extent of selection 
bias among groups. Patients receiving trimodality ther-
apy were more likely to have better physical conditions 
before treatment. Third, the staging system adopted in 
present study was the sixth edition of AJCC, the main 
difference was that there might be some patients with 
stage T4b who are now reclassified as stage IV in the 
latest eighth edition. Fourth, the SEER database majorly 
collected the American patients. Therefore, there were 
small part ESCC patients. We hope more associated 
studies were performed to verify our result for the Asian 
population. Lastly, we cannot eliminate the possibility 
that the elderly patients underwent initial preopera-
tive chemoradiation finally did not receive surgery on 
account of latter physical reserve deterioration, disease 
progression, or decline of financial capacity.

5  |  CONCLUSION

In summary, our study indicate that elderly patients 
aged 75  years and over with stage II– III esophageal 
cancer, especially for EAC patients, can get a survival 
benefit from the trimodality therapy, though there may 
be an increased risk of postoperative complications and 
mortality compared with chemoradiotherapy alone. It 
reminds us that further research should focus on estab-
lishing a reasonable comprehensive evaluation system 
which can take the performance status, comorbidities, 
rest life quality, and even financial standing into consid-
eration, in order to identify the appropriate patients in 
this unique population.
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