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Background: Esophageal cancer (EC) is globally acknowledged as one of the most common malignancies
among all gastrointestinal cancers. Furthermore, in Eastern Asia, squamous cell carcinoma is the main
pathological type of EC. There are different treatments for esophageal squamous cell carcinoma (ESCC), but
there is still a lack of large-sample analysis of prognosis among different treatments, especially for different
tumor stages. The analysis of the prognosis of ESCC patients with different treatments may be helpful to
choose the treatment methods for different stages ESCC.

Methods: A total of 3,346 patients with pathological ESCC between 1976 and 2016 were derived from
the Surveillance, Epidemiology, and End Results (SEER) database. All clinical factors associated with
prognosis were collected and analyzed to achieve the difference of prognosis among different treatments in
ESCC patients, such as ages, sex, race, tumor grade, anatomic location and so on. Kaplan-Meier and Cox
proportional hazard analysis were used to compare survival of different treatments in ESCC patients with
stage I-III.

Results: The overall survival (OS) in all ESCC patients who had received surgery and surgery plus
radiation therapy or/and chemotherapy are superior than that had not received any treatments and radiation
therapy or/and chemotherapy. The OS in ESCC patients with stage I who had received surgery and surgery
plus radiation therapy or/and chemotherapy are superior than that had not received any treatments and
radiation therapy or/and chemotherapy. The OS in ESCC patients with stage II/III who had received
surgery and surgery plus radiation therapy or/and chemotherapy are superior than that in other groups. Age,
race and grade as an independent predictive factor for survival (P<0.05). A nomogram model was constructed
to show surgery group had better 1-, 3- and 5-year OS than radiation therapy or/and chemotherapy group
(OS: 78.5% vs. 59.2%, 37.9% vs. 18.4%, 16.9% vs. 6.1%).

Conclusions: Surgery is still the first choice for all ESCC patients with stage I-III. Radiotherapy and

chemotherapy could improve the survival rate in ESCC patients with stage II-III who have received surgery.
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Introduction mortality in cancer globally (1). The 5-year survival rate
Esophageal cancer (EC), a kind of refractory tumor with of patients with EC was 20.9% (2). The main pathotypes

poor prognosis, which ranks sixth in terms of overall of EC includes esophageal adenocarcinoma (EAC) and
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esophageal squamous cell carcinoma (ESCC) (3). And ESCC
is the main pathological type of EC in Eastern Asia (4).
According to the guidelines of National Comprehensive
Cancer Network (NCCN), endoscopic resection of early EC
without lymph node lesions is recommended as an alternative
to esophagectomy (5). For locally advanced ESCC without
distant metastasis, NCCN recommends the neoadjuvant
treatment of definitive concurrent chemoradiotherapy
(CCRT), surgery or esophagectomy alone (6). The
neoadjuvant chemoradiotherapy has recommended as a
standard treatment in parts of Europe and the USA (7).
While neoadjuvant chemotherapy has recommended as true
treatment in the UK and Japan (8). However, it is generally
accepted internationally that surgery remains a dominant
part of the curative treatment of locally advanced EC (9).
Several research reports have shown that if patients with
ESCC receive chemotherapy or radiotherapy, the survival
prognosis can be improved (10,11). Prognostic factors of
ESCC mainly include two parts. Firstly, clinical prognostic
factors: several studies have shown a lack of prognostic
significance related to body mass index, tobacco, age (12,13).
While, malnutrition, location of tumor and sex can be used as
an independent prognostic factor of ESCC (14,15). Secondly,
histological prognostic factors: tumor stage, histological type
and nodal invasion are major factors in the prognosis of EC,
respectively (16-18).

There is still a lack of large-sample analysis of prognosis
among different treatments, especially for different ESCC
tumor stages. So, it is particularly important to compare the
prognosis of different treatment in each stage of ESCC rely
on the extensive sample database.

The Surveillance, Epidemiology, and End Results (SEER)
Program is a National Funded Cancer Institute (NCI), and
collects information from various locations and sources
in specific geographies within the United States. SEER
provides information on the incidence rate, staging and
survival data, and clinical data since 1973 (19). Importantly
in the investigation of ESCC, the SEER database includes
a nearly 90% follow-up rate and records, demographic
variables, tumor characteristics and survival.

So, we examined four treatments in ESCC mortality
and survival trends using the SEER 18 data on people
who diagnosed with epithelial ESCC during 1975-2016.
We also aim to identified prognostic factors unique to
overall survival (OS). We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-2995).
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Methods
Search strategy and study population

Firstly, a number of patients with a confirmed diagnosis of
ESCC were screened out from the SEER database from
1975 to 2016. The cohort was composed of unidentified
individuals in the NCI SEER 18 Registry [SEER*Stat
Database: Incidence-SEER 18 Custom Data (with additional
treatment fields) Nov 2018 Sub]. Patients were organized
by age, race, gender, tumor staging and treatments. The
following data from each patient were collected for analysis:
race, gender, age, differentiation grade, T stage, N stage,
M stage, therapy, survival data and the cause of death. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

In this study, the inclusion criteria were: one primary
tumor only, complete data on age, race, gender, active
follow-up and with more than 1 month of survival. With
the exclusive cases of an unknown diagnostic source
information, non-squamous cell carcinoma, incomplete
TNM classification system (AJCC, 7th edition) and distant
metastasis of cancer, there were still 3,346 cases for this
study.

Staging

The stages of all patients were divided into stage I, II, or
IIT disease, according to the AJCC (7th edition) criteria.
Furthermore, the treatments were reported in four
categorical variables (none, surgery, radiation therapy or/
and chemotherapy and surgery plus radiation therapy or/
and chemotherapy) for each reporting data.

Statistical analysis

Statistical analyses were applied with R software version
4.0.2 and SPSS software version 22.0 IBM, SPSS Statistics,
Chicago, IL, USA). Numerical data were expressed as mean
+ standard deviation or median for quantitative variables
analyzed using one-way ANOVA. Continuous variables
were first transformed into categorical data, and categories
were described as frequencies and percentage and then
compared with Chi-square test. With univariate and
multivariate Cox proportional hazards regression analyses,
independent prognostic factors were identified. In addition,
survival curves were depicted by the Kaplan-Meier method
and compared by the log-rank test to identify the hazard
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ratio (HR) and their 95% confidence interval (95% CI).
HR >1 indicates that prognostic factors are associated with
decreased survival rate (20,21). The P value <0.05 was
confirmed as statistical significance.

Results
Baseline demographic characteristics

A total of 3,346 patients in the SEER database was collected
that met the screening criteria. The baseline characteristics
and different therapy of all subjects identified by the SEER
database are shown in 7able 1. With 60-year-old as the
dividing point, the distribution of young interval and old
interval is approximately accurate. The majority of patients
(66.4%) were white, 23.1% were black and 10.5% were other.
The ratio of males to females was about 1.6:1, and 61.7%
were male while 38.3% were female. About 781 patients
(23.3%) with stage I, 1,107 (6.2%) with stage II, and 1,458
(43.6%) with stage III. In terms of therapy, the surgery
plus radiation therapy or/and chemotherapy proportion
were greater (16.2%) than pure surgery population (5.8%).
On the total 3,346 patients, 736 (22.0%) did not undergo
any therapy. The key prognostic factors and baseline
characteristics for patients in different therapy including age,
race, primary tumor site, TNM stage, tumor grade, which
were summarized in Table 1.

Effect of different therapy on OS

The effect of therapeutic measures on OS was examined.
Comparing the survival distributions in four groups
(none, surgery, radiation therapy or/and chemotherapy
and surgery plus radiation therapy or/and chemotherapy),
the result showed that surgery and surgery plus radiation
therapy or/and chemotherapy were clearly superior to none
and radiation therapy or/and chemotherapy. Then the
Kaplan-Meier survival analysis for OS based on therapeutic
measures for each stage of disease were analyzed. For
stage I patients, surgery and surgery plus radiation therapy
or/and chemotherapy were better than the others. For
stage II patients, surgery plus radiation therapy or/and
chemotherapy were the most effective therapy method.
the therapeutic effects of pure surgery and pure radiation
therapy or/and chemotherapy were similar. For stage
III patients, in terms of survival time, the first choose
of therapy was surgery plus radiation therapy or/and
chemotherapy, while the second was radiation therapy or/
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and chemotherapy, surgery was third therapy, as shown in
Figure 1.

For OS, as shown in Tible 2, the mean survival time (with
95% CI) was 32+1.6 (95% CI: 28.6-34.9) months for none,
58+2.5 (95% CI: 53.1-63.1) months for surgery, 42+0.9
(95% CI: 40.8-44.6) months for radiation therapy or/and
chemotherapy, and 57+1.5 (95% CI: 54.3-60.5) months for
surgery plus radiation therapy or/and chemotherapy.

As shown in Table 3, the 1 -, 3 -, and 5-year OS rate of
patients with ESCC who did not receive any treatment were
30.1%, 11%, 3.6%, while the patients with ESCC who
undergo trimodality therapy had a 1 -, 3 -, and 5-year OS
rate of 80.5%, 35.4%, 11.6%, respectively. The difference
in OS between the two subgroups was significant (P<0.001).
Surgery alone group had better 1-, 3- and 5-year OS than
radiation therapy or/and chemotherapy group (OS: 78.5%
vs. 59.2%, 37.9 % vs. 18.4%, 16.9 % vs. 6.1 %), the survival
differences between subgroups were significant (P<0.001).

Univariate and Multivariate analysis of survival

The results of the univariate and multivariate Cox analysis
of OS were shown in Tuzble 4. On univariate analysis,
survival analysis revealed that increased age (=60 years) and
race (black and white) were both significant risk factors
for ESCC (HRs >1, all P<0.05). On multivariable Cox
regression, age and therapy were not prognostic factors
for ESCC (all P>0.05). Grade was independent risk factors
affecting OS (poor vs. other grades, HR, 1.242, 95% CI:
1.062-1.454, P=0.007).

Discussion

The role of surgery alone in the treatment of EC has
been recognized as a first-line treatment. In the local
advanced EC, the main direction shifts to neoadjuvant
chemotherapy before surgery (22-24). In our study,
the data shown that the survival prognosis of ESCC
was significantly different from the choice of different
treatment methods, pure surgery and the triple therapy
of surgery, radiotherapy and chemotherapy is superior
to radiotherapy and chemotherapy alone in survival and
prognosis, with statistical significance.

As for the survival effect of postoperative adjuvant
chemotherapy, previous reports have shown that adjuvant
chemotherapy can improve disease-free survival rate.
However, these reports have shown that there were no
significant difference in OS between postoperative adjuvant
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Table 1 Characteristics of patients with esophageal in stage I to III cancer (n=3,346)
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Characteristics None Surg Rad or/and chemo Surg plus rad or/and chemo
Age

<60 130 53 438 203

>60 606 142 1,434 340
Race

Black 199 31 449 93

White 474 136 1,219 392

Other 63 28 204 58
Gender

Female 301 93 666 223

Male 435 102 1,206 320
Marital

Single and other 464 93 957 242

Married 272 102 915 301
Site label

Lower 209 89 533 252

Middle 339 84 813 234

Upper 147 14 426 37

Overlap 41 8 100 20
Grade

Well 45 21 127 33

Moderate 301 109 793 248

Poor 221 50 611 187

Indifferent 3 3 10 4

Unknown 166 12 331 71
TNM

Stage | 307 94 311 69

Stage Il 178 74 650 205

Stage IlI 251 27 911 269
T stage

T, 348 95 446 85

T, 72 40 289 96

T, 197 55 888 338

T, 119 5 249 24
N stage

N; 208 29 834 270

N, 45 10 213 56

N 7 1 46 5

No 476 155 779 212

Surg, surgery; rad, radiation; chemo, chemotherapy.
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Figure 1 OSs according to the treatment modality. (A) Kaplan-Meier survival curves for patients with ESCC on the basis of four treatments.

(B,C,D) OS by type of treatment of patients stage I, IT and III respectively. 0, 1, 2 and 3 represent for four treatment methods (none, surgery,

radiation therapy or/and chemotherapy and surgery plus radiation therapy or/and chemotherapy respectively). ESCC, esophageal squamous

cell carcinoma; OS, overall survival.

Table 2 Mean and median survival analysis time

Mean Median
Treatment
95% ClI 95% Cl

new (code) Ref® SE Ref*® SE

Down Up Down Up
0 31.711 1.608 28.558 34.863 11.000 1.234 8.581 13.419
1 58.141 2.546 53.150 63.131 - - - -
2 42.673 0.967 40.777 44.569 30.000 2.418 25.261 34.739
3 57.401 1.572 54.319 60.482 - - - -
All 44.148 0.722 42.732 45.563 34.000 2.451 29.197 38.803

?, If the survival analysis time has been censored, the estimation will be limited to the maximum survival analysis time.

chemotherapy and surgery. Similarly, there were no

significant difference in survival and prognosis between
pure surgery and trimodality therapy in this study (8,25,26).
Besides, through the comparison of different stages of

treatment options, the data shows that the survival time in

© Translational Cancer Research. All rights reserved.

ESCC patients with stage II/III who had received surgery

and trimodality therapy are superior than that in other
groups. On the stage II of ESCC patients who treated by
trimodality therapy is better than that of other treatments.
Therefore, it is beneficial for patients with ESCC in clinical
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Table 3 Survival rate in four treatments
Treatment 1-year survival rate (%)  3-year survival rate (%)  5-year survival rate (%) P value
None [0] 30.1 11 3.6 <0.001
Surgery [1] 78.5 37.9 16.9 <0.001
Radiation therapy or/and chemotherapy [2] 59.2 18.4 6.1 <0.001
f:;?nezh':fasp;ag]"’mo” therapy or/and 80.5 35.4 11.6 <0.001
Table 4 Univariate and multivariate analysis of prognostic factors associated with OS
Univariate analysis Multivariate analysis
Variables Reference level
HR (95% ClI) P value HR (95% ClI) P value

Age >60 1.206 (1.075-1.353) 0.001 1.265 (1.124-1.425) 0
Race Other

Black 1.23 (1.024-1.477) 0.027 1.087 (0.901-1.31) 0.386

White 0.84 (0.71-0.994) 0.042 0.873 (0.737-1.034) 0.115
Gender Male 0.72 (0.645-0.803) 0 0.722 (0.646-0.808) 0
Marital Unmarried and other 1.303 (1.174-1.446) 0 1.274 (1.142-1.421) 0
Site label Overlap

Lower 0.66 (0.527-0.827) 0 0.812 (0.648-1.019) 0.072

Middle 0.663 (0.532-0.826) 0 0.75 (0.601-0.936) 0.011

Upper 0.633 (0.498-0.805) 0 0.651 (0.511-0.830) 0.001
Grade Unknown

Well 0.767 (0.595-0.988) 0.04 0.857 (0.664-1.105) 0.234

Moderate 1.031 (0.888-1.196) 0.692 1.168 (1.005-1.358) 0.043

Poor 1.126 (0.964-1.315) 0.134 1.242 (1.062-1.454) 0.007

Indifferent 0.792 (0.374-1.680) 0.544 1.132 (0.532-2.406) 0.748
TNM T,

T, 0.574 (0.499-0.660) 0 0.469 (0.404-0.544) 0

T, 0.604 (0.535-0.681) 0 0.6 (0.531-0.678) 0
Therapy Surg plus rad/chemo

None 3.472 (2.893-4.167) 0 4.563 (3.764-5.53) 0

Surg 0.956 (0.708-1.291) 0.77 1.344 (0.989-1.826) 0.059

Rad/chemo 1.901 (1.611-2.244) 0 2.043 (1.725-2.420) 0

OS, overall survival; surg, surgery; rad, radiation; chemo, chemotherapy.

stage II/I11 to choose preoperative chemotherapy (27).

Previous studies have shown that the theoretical advantages
of combined therapy in the treatment of ESCC including

© Translational Cancer Research. All rights reserved.

potential tumor downstaging before surgery by reduce

tumor volume and micrometastasis. What’s more, potential
disadvantages including morbidity and mortality by toxicities
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associated with increased antitumor drug selection and dosage,
and an eventual delay in valid surgical treatment (28). These
data emphasize the importance of thorough preoperative
staging in the treatment of ESCC. The important role of
neoadjuvant therapy in improving the survival rate of locally
advanced ESCC.

Surgical treatment is the standard treatment for early
ESCC, but the simple surgical treatment has caused
objections (29). The 5-year survival rate of surgery alone
was 15-20% (30). While for the chemoradiotherapy
group, the 1-, 3-, and 5-year OS rates were 75.3%, 35.6%,
and 25.3%, respectively, and 61.5%, 26.7%, and 17.6% for
the RT-alone group (31). Therefore, chemotherapy based
on radiotherapy has a significant survival meaning (32,33).
Multidisciplinary evaluation and treatment have been
shown that it can improve the clinical decision-making in
ESCC (34,35).

On univariate analysis, age was the prognostic factor of OS
(P<0.05), with elderly patients with ESCC obtaining a more
prolonged OS. On multivariate analysis, grade and tumor
location was the prognostic factor of OS (P<0.05). Therefore,
we speculated that the effect of age, grade and location are
playing an important role on the prognosis of ESCC.

However, for the preoperative radiation dose,
chemotherapeutic drugs and specific surgical methods
were not unified in the SEER database, there have
several deficiencies in our study. We couldn’t research the
relationship among dose, specific drugs and damage by
specific surgical methods.

In conclusion, this work examined the outcomes of
different stages of ESCC under different treatment,
which has provided a valuable reference for the choice of
treatment of ESCC in the future. Although it has not made
important contributions to the diagnosis and treatment
of ESCC, we still continue to affirm that neoadjuvant
radiotherapy and chemotherapy plus surgery are essential.
Operation alone can't solve the problem of ESCC forever.
At present, we believe that a precise preoperative staging is
necessary for the choice of treatment of ESCC. Through
the comparison of extensive sample database, this study
made precise the outcome of different stages and different
treatments of ESCC, which has guiding significance for the
choice of treatment of ESCC in the future.
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