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Background: Endoscopic resection (ER) followed by radiation therapy (RT) is a treatment option for early
stage esophageal cancer (EC). We used the surveillance epidemiology and end results (SEER) database to
investigate the influence of adjuvant RT after ER on survival for early stage EC.

Methods: The SEER database [1998-2013] was queried for locoregional cases of EC. Tumor staging was
redefined with the 8th Edition of the American Joint Committee on Cancer (AJCC)/Union for International
Cancer Control tumor-node-metastasis (TINM) staging system. The T1-2 stage EC cases in which ER were
followed by radiation or observation were included. Kaplan-Meier methods were performed to compare
overall survival (OS) and cancer-specific survival (CSS) between the patients who received radiation and
those who did not. Subgroup analysis was made according to AJCC stage. A multivariate Cox proportional-
hazards regression model was used to identify independent covariates which may influence survival.
Results: The median survival of the no-radiation group was significantly longer than that of the radiation
group [74 vs. 31 months; hazard risk (HR), 2.39; 95% confidence interval (CI), 1.782-3.197; P<0.001]. In
Tla stage subgroup, patients who did not receive RT had significantly better OS and CSS outcomes (OS:
90 vs. 31 months; HR, 2.90; 95% CI, 1.766-4.773; P<0.001; CSS: 105 vs. 48 months; HR, 5.40; 95% CI,
2.636-8.226; P<0.001). In the T1b and T2 subgroup analyses, both the OS and CSS were not significantly
different between the radiation group and the no-radiation group (all P>0.05). In multivariate regression
analysis, radiation was not a significant factor for OS and CSS after adjustment for confounding factors
(P>0.05).

Conclusions: Using SEER data, we revealed that RT after ER did not improve survival in early stage
EC patients; specifically, RT did not benefit T1b and T2 patients and may lead to poorer survival in T1a
patients. Our findings do not support the addition of RT after ER for early stage EC, especially T1a EC.

Keywords: Esophageal cancer (EC); endoscopic resection (ER); radiation therapy (RT).
Submitted Jun 30, 2019. Accepted for publication Jul 25, 2019.

doi: 10.21037/jtd.2019.07.78
View this article at: http://dx.doi.org/10.21037/jtd.2019.07.78

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(8):3427-3434 | http://dx.doi.org/10.21037/jtd.2019.07.78


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2019.07.78

3428 Chen et al. The influence of RT after ER on survival for early stage EC

Introduction

Esophageal cancer (EC) incidence rates are rising each
year, but treatment outcomes are still very poor (1). Due
to increased awareness and progress in surveillance, many
EC cases are being diagnosed in early stage. However,
early stage EC is highly heterogeneous and has low
representativeness, so very few phase III trials have
investigated this population. Several treatment options
are available for these patients including esophagectomy,
radiation therapy (RT), chemotherapy, and endoscopic
resection (ER) (2,3), but the optimum treatment strategies
still remain unclear (4).

ER is less invasive than esophagectomy and it can
radically resect the tumor while maintaining the integrity
of the esophagus (5), but it cannot target the lymph nodes
possibly involved in metastasis. Retrospective studies
have shown that survival is comparable between ER and
esophagectomy for early stage EC (6). Therefore, due to its
distinct advantages, ER has been increasingly used for early
stage EC treatment (7,8). It has been established as the
standard treatment for EC clinically staged as T'la confined
to the mucosa with low risk of lymph node metastasis (9).
T1b EC is defined as submucosal cancer which has
relatively high risk of metastasis (5). The risk of lymph node
metastasis of T'1b EC is mainly based on esophagectomy
and secondarily based on definitive chemoradiotherapy
(CRT) (10). However, as surgery is associated with
increased morbidity and mortality, and definitive CRT often
leads to adverse events, patients at high risk for lymph node
metastasis may be unfit for surgery and CRT and are often
managed conservatively (10). Studies have demonstrated
that in the T'1b EC patients ER was associated with lower
rate of lymph node metastasis when compared with surgery
(11-13). Thus, ER is a potential treatment option for
T1b EC. T2 tumors remain in a middle ground between
T1 tumors and the more advanced tumors of T3 or NI.
The optimal treatment for N2 tumors is not clear and
recommendations vary from surgery alone to multimodal
treatment (4). Previous studies have indicated that curative
treatment by ER can be achieved for over 33% of T2 EC
patients (14).

ER followed by RT or CRT is a common combination
treatment method for early stage ECs. It is effective for
patients with early stage EC and has better or comparable
efficacy with that of surgery or definitive CRT, as indicated
by some retrospective studies (10,15-20). Addition of CRT
aims to prevent lymph node recurrence, but there are very
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few studies validating the necessity of adjuvant CRT in this
setting. Therefore, we performed this study based on the
SEER database to understand the potential role of adjuvant
RT after ER in the treatment of early stage EC patients.

Methods
Study population

The surveillance, epidemiology, and end results (SEER)
database (National Cancer Institute) was queried with
SEER*Stat 8.1.2 software for EC cases. The years of
diagnosis were set to 1998-2013. The screening parameters
were set as primary tumor site (esophageal), adults
(age >18 years) and survival time. The following information
was extracted: age, gender, race, histological types, tumor
location, tumor stage and grade, ER, chemotherapy and
RT, survival status and survival time. The 8" Edition of
the American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control tumor-node-metastasis
(TNM) staging system was used to redefine the clinical
staging of tumors. The T1-2 stage EC cases in which ER
was followed by radiation or observation were included in
the present analysis.

Statistical analysis

SPSS Statistics 20.0 software (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. Continuous
variables were presented as means + standard deviation
(SD). Category variables were presented as frequency.
The clinical parameters between the patients who received
radiation and those who did not were compared using
t-tests for continuous variables and chi-square tests
for categorical variables. Kaplan-Meier methods were
performed to compare overall survival (OS) and cancer-
specific survival (CSS) between the patients who received
radiation and those who did not. Subgroup analysis was
done with AJCC stage. Furthermore, we used a multivariate
Cox proportional-hazards regression model to identify
independent covariates that may influence survival. All tests
were two-sided. A P value of less than 0.05 was considered
statistically significant.

Results
Patient characteristics

A total of 759 early stage EC patients who received ER as
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Table 1 Patient and tumor characteristics of 759 patients undergoing ER

Variables No-radiation group [671] Radiation group [88] P
Age, median (range) 69.5+7.0 70.4+6.2 0.863
Gender 0.540
Male 530 67
Female 141 21
Tumor location 0.025
Up 20 8
Mid 101 16
Low 467 53
Other 83 11
pT stage <0.010
T 109 30
T1a 444 29
T1b 88 14
T2 30 15
Histology <0.010
SCC 68 25
AD 507 50
Other 96 13
Race 0.021
White 628 77
Black 25 9
Other 18 2
Grade <0.010
I 94 5
I 197 27
M 93 31
Other 287 25
Chemotherapy <0.010
Yes 14 24
No/unknown 657 64

P<0.050 represents a significant difference. ER, endoscopic resection; SCC, squamous cell carcinoma; AD, adenocarcinoma.

primary treatment were included in this study, with 671 Adenocarcinomas were more common than squamous cell
patients in the no-radiation group and 88 patients in the carcinomas (557 vs. 93 patients), which correlated with
radiation group. In this patient population, 139 patients tumors located predominantly in the lower third of the

had EC clinically staged at T1, 473 patients had cTla esophagus (520 patients). The clinical characteristics of
EC, 102 patients had ¢T1b EC, and 45 had a T2 staging. the patients included are shown in Table 1. Age and gender
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Figure 1 OS and CSS in early stage esophageal patients receiving adjuvant RT or non-adjuvant RT after ER. P<0.05 represents significant
difference. HR, hazard risk; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; RT, radiation therapy; ER,

endoscopic resection.
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Figure 2 OS and CSS in the clinically-staged T'la EC patients receiving adjuvant RT or non-adjuvant RT after ER. P<0.05 represents

significant difference. HR, hazard risk; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; EC, esophageal cancer;

RT, radiation therapy; ER, endoscopic resection.

were not significantly different between the radiation
group and no-radiation group (all P>0.05). However, there
was a significant difference between the two groups when
considering tumor location, pT stage, histologic types, race,
tumor grade and chemotherapy (all P<0.05).

Relationship between RT after ER and OS or CSS
outcomes in patients with ¢cT'1-2 EC

As shown in Figure 1, the median survival of the no-
radiation group was significantly longer than that of the
radiation group [74 vs. 31 months; hazard risk (HR), 2.39;
95% confidence interval (CI), 1.782-3.197; P<0.001].
Similarly, the CSS between the two groups also differed
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significantly, with a median survival of 97 months for the
no-radiation group versus 64 months for the radiation
group (HR, 5.29; 95% CI, 2.994-9.352; P<0.001) (Figure I).

Due to the high heterogeneities between different stages
of early EC, further subgroup analyses were made within
the clinical stages of T'la, T'1b and T2. In the T'1a subgroup
analysis, the patients who did not receive radiation had
better OS and CSS when compared with the patients
receiving RT (OS: 90 vs. 31 months; HR, 2.90; 95% CI,
1.766-4.773; P<0.001; CSS: 105 vs. 48 months; HR, 5.4;
95% CI, 2.636-8.226; P<0.001) (Figure 2). However, for the
T1b subgroup, OS and CSS were not significantly different
between the radiation group and the no-radiation group
(OS: 21 vs. 97 months; HR, 1.86; 95% CI, 0.7997-6.183;

7 Thorac Dis 2019;11(8):3427-3434 | http://dx.doi.org/10.21037/jtd.2019.07.78



Journal of Thoracic Disease, Vol 11, No 8 August 2019

Overall survival

1001 T1b

S

T—“' 804

2

£ 60

2]

8 40

% 1 — No-radiation

E 20 Radiation

a HR, 1.86; 95% Cl, 0.7997 to 6.183; P=0.131

0 24 48 72 96 120
Time (months)

No. at risk
No-radiation 88 50 25 16 8 5
Radiation 14 7 3 2 2 1

3431

Cancer-specific survival

100+ Tib

S

=~ 80+

©

=

>

S 604

7]

1]

o 40

2 1 — No-radiation

é 204 Radiation

=2 HR, 1.38; 95% Cl, 0.258 to 7.401; P=0.774

© 0

0 24 48 72 96 120
Time (months)

No. at risk
No-radiation gg 50 25 16 8 5
Radiation 14 7 3 2 2 1

Figure 3 OS and CSS in the clinically-staged T1b EC patients receiving adjuvant RT or non-adjuvant RT after ER. P<0.05 represents

significant difference. HR, hazard risk; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; EC, esophageal cancer;

RT, radiation therapy; ER, endoscopic resection.
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Figure 4 OS and CSS in the clinically-staged T2 EC patients receiving adjuvant RT or non-adjuvant RT after ER. P<0.05 represents

significant difference. HR, hazard risk; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; EC, esophageal cancer;

RT, radiation therapy; ER, endoscopic resection.

P=0.131; CSS: 89 vs. 99 months; HR, 1.38; 95% CI, 0.258-
7.401; P=0.774) (Figure 3). In the T2 subgroup analysis,
the OS and CSS between the two groups also did not differ
significantly (OS: 48 vs. 40 months; HR, 1.002; 95% CI,
0.4626-2.172; P=0.611; CSS: 99 vs. 60 months; HR, 1.09;
95% CI, 0.402-3.027; P=0.971) (Figure 4).

To identify the factors that may influence survival
outcomes, we performed multivariate Cox proportional-
hazards modeling (Tzble 2). Age and pT stage were the
only two significant factors for OS and CSS (all P<0.05).
The other variables including gender, tumor location,
histological type, race, grade, pT stage, chemotherapy
and RT all did not influence OS and CSS significantly (all
P>0.05).
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Discussion

For early stage EC, the efficacy of ER followed by CRT
has been evidenced by several studies (5,10,15-20). ER can
remove or reduce the size of the tumor to reduce the risk
of local recurrence. CRT theoretically can prevent lymph
node recurrence. However, the effect of adjuvant RT after
ER for early stage EC had previously been validated by very
few studies. This retrospective SEER analysis investigated
the role of RT after ER in the treatment of early stage EC.
The present study demonstrated that the median survival
of the no-radiation group was significantly longer than that
of the radiation group. In the T1a stage subgroup, patients
who did not receive RT had significantly better OS and
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Table 2 Cox proportional-hazards regression model for OS and CSS in patients with EC

oS CSS
Variables
HR (95% Cl) P HR (95% Cl) P

Age

<65 1.000 (reference) 1.000 (reference)

>65 3.190 (2.242-4.541) <0.001 2.472 (1.521-4.017) <0.001
Gender

Male 1.000 (reference) 1.000 (reference)

Female 0.898 (0.673-1.197) 0.462 1.020 (0.680-1.530) 0.923
Tumor location 0.673 0.617

Up 1.000 (reference) 1.000 (reference)

Mid 1.359 (0.699-2.642) 0.366 1.512 (0.612-3.728) 0.371

Low 1.486 (0.779-2.834) 0.229 1.709 (10.708-4.127) 0.234

Unknown 1.385 (0.682-2.813) 0.367 1.346 (0.507-3.573) 0.551
Histologic 0.005 0.002

SCC 1.000 (reference) 1.000 (reference)

ADC 0.477 (0.342-0.763) 0.008 0.459 (0.299-0.818) 0.006

Other 1.412 (0.900-2.216) 0.133 1.002 (0.559-1.794) 0.995
Grade 0.268 0.175

| 1.000 (reference) 1.000 (reference)

Il 0.820 (0.548-1.228) 0.336 0.864 (0.487-1.533) 0.618

1] 0.945 (0.620-1.440) 0.792 0.980 (0.540-1.778) 0.948

Other 0.668 (0.450-0.994) 0.047 0.429 (0.234-0.784) 0.006
pT stage <0.001 <0.001

pT1 1.000 (reference) 1.000 (reference)

pTia 0.549 (0.412-0.733) <0.001 0.386 (0.255- 0.585) <0.001

pT1b 0.757 (0.517-1.108) 0.152 0.406 (0.222-0.743) 0.003

pT2 1.039 (0.668- 1.618) 0.864 0.986 (0.555-1.752) 0.961
Chemotherapy

Yes 1.000 (reference) 1.000 (reference)

No/unknown 1.429 (0.833-2.450) 0.195 1.705 (0.823-3.532) 0.151
Radiation

Yes 1.000 (reference) 1.000 (reference)

No 1.231 (0.712-2.126) 0.987 (0.468-2.084) 0.973

P<0.05 represents significant difference. ADC, adenocarcinoma; CSS, cancer-specific survival; EC, esophageal cancer; HR, hazard risk;
Cl, confidence interval; OS, overall survival; SCC, squamous cell carcinoma.
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CSS outcomes. In T1b and T2 subgroup analysis, both the
OS and CSS were not significantly different between the
radiation group and the no-radiation group. Furthermore,
multivariate regression analysis demonstrated that RT may
not influence the OS or CSS significantly after adjustment
of significant confounding factors. These results indicated
that RT after ER may not benefit T1b and T2 patients
and may even lead to poorer treatment outcomes among
T'la patients. So far, one study by Ikeda et al had compared
adjuvant CRT to observation following endoscopic
treatment for high-risk early stage esophageal squamous
cell carcinoma (ESCC). Eleven patients underwent CRT
radiation and 17 patients were in the observation group. No
significant difference in 3-year disease-free survival (DFS)
was shown (69% wvs. 64%) (21). The result was consistent
with our result of T'1b subgroup analysis.

Generally, RT can inhibit proliferation of carcinoma
cells and reduce the risk of micro-metastasis; thus, it may
prevent lymph node recurrence and improve survival when
provided after ER. On the other hand, radiation is toxic
for normal cells and causes various side effects, increasing
the treatment burden for patients. It is likely that the dual
effects of RT lead to different treatment outcomes of EC
in different stages. The T1a EC patients had low risk of
lymph node metastasis, so they might not have benefited
greatly from RT. The poorer survival rates in T'la patients
who received RT may be attributed to the adverse effect of
radiation. The T1b and T2 EC patients were at high risk of
metastasis, so RT may have been more effective. However,
the included patients were predominantly EAC, which was
less sensitive to CRT than ESCC was (22). Furthermore,
the patients in these two groups may have had a heavier
overall health burden as they were supposed to have surgery
but instead underwent ER in most cases due to being unfit
for the invasive management. Thus, the adverse effects of
RT were strengthened while the positive effects of radiation
were compromised. As a result, the T1b and T2 patients
receiving RT did not show a significantly better survival
rate. Particularly, the T'1b EC patients who did not receive
RT showed a better 5-year OS rate while T2 EC patients
did not show a similar trend, which may correlate to lower
risk of lymph node metastasis of T1b EC patients than T2
EC patients.

Therefore, based on the results of the present study, we
may conclude that adjuvant RT should be avoided after
ER among Tla EC patients; for T1b and T2 EC patients
undergoing ER, radiation might be unnecessary as well.
However, the present study is a retrospective SEER analysis,
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so the limitations of retrospective study design make the
conclusion not as solid as one made by RCIs. Therefore, well-

designed prospective studies, especially RCTs, are warranted
to further evaluate the role of RT after ER.

Conclusions

Using SEER data, we revealed that RT after ER did not
improve survival in early stage EC patients; specifically,
RT conferred no benefit in T1b and T2 patients and may
lead to poorer survival in T'1a patients. Our findings do not
support the addition of RT after ER for early stage EC,
especially T'la EC.
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