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Abstract 

Background: The optimal radiation dose for treating non-metastatic superficial esophageal squamous cell car-
cinoma is unknown. In this retrospective observational study, we investigated the influence of radiation dose and 
pretreatment endoscopic prediction of tumor invasion depth on local recurrence after definitive chemoradiotherapy 
in patients with superficial esophageal squamous cell carcinoma.

Methods: We analyzed 134 patients with clinical Tis–T1N0M0 esophageal squamous cell carcinoma who underwent 
chemoradiotherapy at our institution between 2006 and 2019. Patients were grouped into standard-dose (50.0–
50.4 Gy) and high-dose (60.0 Gy) radiotherapy groups. The outcomes of interest were local recurrence and major local 
recurrence (endoscopically unresectable local recurrent tumors). Kaplan–Meier analysis and the log-rank test were 
used with propensity score and inverse probability of treatment weighting. Cox proportional hazards analysis was 
performed to identify predictors of local recurrence and major local recurrence.

Results: The median follow-up times were 52 and 84 months for the standard-dose and high-dose groups, respec-
tively. The adjusted 3-year local recurrence and major local recurrence rates in the standard-dose and high-dose 
groups were 33.8 and 9.6% (adjusted hazard ratio, 4.00 [95% confidence interval: 1.64–9.73]; adjusted log-rank 
p = 0.001) and 12.5 and 4.7% (adjusted hazard ratio, 3.13 [95% confidence interval: 0.91–10.81]; adjusted log-rank 
p = 0.098), respectively. Cox proportional hazards analysis showed that standard-dose radiotherapy and endoscopic 
findings of deep submucosal invasion are independently associated with local recurrence and major local recurrence.

Conclusions: High-dose radiotherapy is more beneficial for local tumor control than standard-dose radiotherapy 
in patients with non-metastatic superficial esophageal squamous cell carcinoma. The use of high-dose radiotherapy 
may merit consideration for tumors with deep submucosal invasion.
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Background
Superficial esophageal squamous cell carcinoma (SESCC) 
is defined as esophageal squamous cell carcinoma with 
the depth of invasion (DOI) limited to the mucosa or 
submucosa, regardless of lymph node or distant organ 
metastasis [1, 2]. Definitive concurrent chemoradio-
therapy, as well as surgery and endoscopic resection, are 
the treatments of choice for non-metastatic SESCC [3]. 
As small mucosal tumors can be resected by endoscopic 
resection, chemoradiotherapy and surgery are generally 
used for large mucosal tumors or submucosal tumors. 
The survival rate in patients with non-metastatic SESCC 
after definitive chemoradiotherapy is reported to be com-
parable to that after esophagectomy [4–6]. However, 
residual tumors or local recurrence (LR) after definitive 
chemoradiotherapy can occasionally cause problems. 
The Japan Clinical Oncology Group 9708 study—a phase 
II trial to evaluate the efficacy and toxicity of definitive 
chemoradiotherapy using a 60.0-Gy dose for non-met-
astatic SESCC—reported that five of 72 (6.9%) patients 
experienced LR that could not be eliminated by endo-
scopic resection [6].

The prescribed dose is an important factor for local 
tumor control in radiotherapy, and the optimal dose 
has often been debated. The INT 0123 trial (Radiation 
Therapy Oncology Group 94–05) [7] revealed no bene-
fits of high-dose radiotherapy (64.8 Gy) on local/regional 
control and survival in patients with early and locally 
advanced esophageal cancer. Based on these results, 
the standard dose of definitive chemoradiotherapy for 
esophageal cancer is considered to be 50.4 Gy. However, 
this study included only 15 patients with clinical T1 
esophageal cancer, and the optimal dose for patients with 
non-metastatic SESCC has not been investigated. Com-
pared to patients with locally advanced esophageal can-
cer, those with non-metastatic SESCC have a lower risk 
of developing lymph node and distant metastatic recur-
rence after definitive chemoradiotherapy, and local fail-
ure may directly lead to poor outcomes. The optimal dose 
in patients with non-metastatic SESCC may differ from 
that in patients with locally advanced esophageal cancer. 
Therefore, we conducted a retrospective observational 
study to investigate the effect of radiation dose on local 
tumor control in patients with non-metastatic SESCC. 
Recent advancements in endoscopic imaging have ena-
bled more precise estimation of the DOI of SESCC [8]; 
therefore, we also investigated the association between 
the predicted DOI and local tumor control.

Methods
Patients
We retrospectively examined 179 patients with histo-
logically proven, clinical Tis–T1N0M0 (International 
Union Against Cancer Tumor–Node–Metastasis clas-
sification [seventh edition]) esophageal squamous cell 
carcinoma who received definitive concurrent chem-
oradiotherapy at our institution between 2006 and 
2019. We excluded patients with a follow-up time of 
< 3 months (n = 5), those with a history of surgery for 
esophageal cancer (n = 2), those who did not receive a 
sufficient radiation dose (> 40.0 Gy [n = 1]), those who 
did not receive concurrent chemotherapy (n = 20) or 
received concurrent chemotherapy for synchronous 
cancers in other organs (e.g., head and neck cancer 
[n = 5]), and those who received new combination 
chemotherapy in prospective clinical trials (n = 12). In 
total, 134 patients met the inclusion criteria and were 
enrolled in the study. All procedures performed in stud-
ies involving human participants were in accordance 
with the ethical standards of the institutional and/or 
national research committee and with the 1964 Decla-
ration of Helsinki and its later amendments or compa-
rable ethical standards. The study design was approved 
by the ethics committee of Osaka International Cancer 
Institute (approval number 20096). All patients pro-
vided written informed consent for the use of their data 
in clinical research before the administration of radio-
therapy and had the opportunity to opt out of the study.

Pretreatment evaluations
Pretreatment staging was based on gastrointestinal 
endoscopy and computed tomography of the neck, 
chest, and abdomen. Endoscopic staging of tumor inva-
sion depth typically consisted of conventional imag-
ing and magnifying narrow-band imaging (the details 
of endoscopic staging have been described previously 
[9]). Endoscopic ultrasonography was performed when 
endoscopy suggested that the tumor had invaded the 
muscularis mucosa or deeper. The clinical DOI was 
divided into three categories based on pretreatment 
endoscopic findings: EP/LPM (tumors limited to the 
epithelium or invading the lamina propria mucosa), 
MM/SM1 (tumors invading the muscularis mucosa or 
the submucosa to a depth of ≤ 200 μm from the lower 
border of the muscularis mucosa), and SM2 (tumors 
invading the submucosa to a depth of > 200 μm) [1, 2].

Keywords: Chemoradiotherapy, Dose-response relationship, Endoscopic mucosal resection, Esophageal neoplasms, 
Propensity score
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Chemoradiotherapy
Patients were treated using linear accelerator-based 
external beam radiotherapy with three-dimensional 
conformal radiotherapy or intensity-modulated radio-
therapy/volumetric modulated arc therapy (IMRT/
VMAT) techniques. Before computed tomography sim-
ulation, radio-opaque clips were endoscopically placed 
at the cranial and caudal ends of the tumor. For treat-
ments administered before March 2011, the clinical tar-
get volume (CTV) for the primary tumor included the 
esophagus between the clips with longitudinal margins 
of 20–30 mm, and the prescribed radiation dose was 
60.0 Gy in 30 fractions. Since March 2011, the CTV for 
the primary tumor has included the esophagus between 
the clips with longitudinal margins of 5 mm, and the total 
dose has been de-escalated to 50.0–50.4 Gy in 25–28 
fractions. However, increasing the total dose to 60.0 Gy 
was allowed at the radiation oncologist’s discretion. Elec-
tive nodal irradiation (ENI) was not routinely used before 
March 2011. Thereafter, ENI has been used primarily 
for clinical MM/SM1 or SM2 tumors. The CTV for ENI 
was determined based on tumor location (the details of 
the CTV for ENI have been described previously [10]), 
and the ENI dose was 40.0–41.4 Gy in 20–23 fractions. 
Concurrent chemotherapy typically consisted of cispl-
atin (70 mg/m2/day on Days 1 and 29) and 5-fluoroura-
cil (700 mg/m2/day as a continuous infusion on Days 1–4 
and 29–32). However, the dose was reduced, or other 
regimens were used, if necessary, based on the patient’s 
condition (other chemotherapy regimens are described 
in Additional file 1).

Patient follow‑up and evaluation of outcomes
Follow-up examinations were performed 1–2 months 
after chemoradiotherapy and then every 3–6 months 
for the first 2 years and every 6 months thereafter. Each 
examination consisted of gastrointestinal endoscopy 
and computed tomography of the neck, chest, and 
abdomen. The outcomes of interest in this study were 
LR and major local recurrence (MLR) after chemo-
radiotherapy. LR was defined as the persistence or 
recurrence of the tumor at the same esophageal level 
measured from the incisors and diagnosed using endo-
scopic biopsy confirmation of carcinoma. New lesions 
at the same level after 5 years following chemoradio-
therapy or at another level were not considered LR. 
We also assessed MLR, defined as LR that was con-
sidered unresectable by endoscopic resection (endo-
scopic mucosal resection or endoscopic submucosal 
resection). LR requiring photodynamic therapy was 
regarded as MLR. To assess the effect of radiation dose 

on LR and MLR, we grouped patients into standard-
dose (planned total dose of 50.0–50.4 Gy) and high-
dose (planned total dose of 60.0 Gy) groups. To assess 
the effect of radiation dose according to the clinical 
DOI, we further divided patients into three DOI groups 
based on pretreatment endoscopic staging: EP/LPM, 
MM/SM1, and SM2 subgroups.

Statistical analyses
First, we assessed the differences in baseline character-
istics between the two dose groups using the Mann–
Whitney U test for continuous variables and Fisher’s 
exact test or chi-squared test for categorical variables.

Second, we performed propensity score (PS) analy-
sis using inverse probability of treatment weight-
ing (IPTW) to account for the imbalance in baseline 
covariates between the two groups. PSs were estimated 
using covariates in the multivariable logistic regression 
analysis and plotted as histograms. Covariates included 
age (< 65, ≥ 65 and < 75, ≥ 75 years), sex (male, female), 
tumor location (cervical/upper thoracic esophagus, 
middle thoracic esophagus, lower thoracic esophagus), 
tumor length (≤ 40, > 40 and ≤ 80, > 80 mm), clinical 
DOI (EP/LPM, MM/SM1, SM2), and chemotherapy 
regimen (cisplatin and 5-fluorouracil, others). Receiver 
operating characteristic (ROC) curve and concord-
ance statistic (c-statistic) analyses were used to test 
the appropriateness of the model. Covariate balance 
was assessed using standardized mean differences [11]. 
A standardized mean difference of < 0.10 for a given 
covariate was considered as an acceptable balance. We 
performed Kaplan–Meier analysis and the log-rank test 
with IPTW adjustment [12] to assess differences in LR 
and MLR between the two dose groups and estimated 
the corresponding hazard ratios (HRs). LR and MLR 
were measured from the start of chemoradiotherapy, 
and patients were censored at the date of last follow-up 
or death. We also performed unadjusted Kaplan–Meier 
analyses stratified by clinical DOI to examine its effect 
on differences in LR and MLR between the two dose 
groups.

Third, we performed univariable and multivariable 
analyses using a Cox regression model to analyze the 
associations of the two dose groups and clinical DOI 
with LR and MLR and determine the estimated HRs. 
Covariates with p-values < 0.02 in the univariable anal-
ysis were included in the multivariable analysis.

All statistical tests were two-sided, and a p-value 
< 0.05 was considered statistically significant. All anal-
yses were performed using R (version 3.6.3) (R Foun-
dation for Statistical Computing, Vienna, Austria) and 
SAS (version 9.4) (SAS Institute Inc., Cary, NC, USA).



Page 4 of 9Ikawa et al. BMC Cancer          (2022) 22:301 

Results
Patient characteristics and propensity score weighting
Of the 134 eligible patients, 66 received standard-dose 
radiotherapy and 68 received high-dose radiotherapy. 
Baseline characteristics of the patients are shown in 
Table  1. Compared to those who received high-dose 
radiotherapy, patients who received standard-dose 
radiotherapy were older (p = 0.010) and underwent pre-
treatment staging combined with endoscopic ultrasonog-
raphy, IMRT/VMAT, and ENI more often (p <   0.001, 
p = 0.007, and p <  0.001, respectively). In the subsequent 
analyses, we did not include the use of endoscopic ultra-
sonography, radiotherapy techniques, or ENI as covari-
ates, because of the non-adjustable differences between 
the two groups. The standardized mean differences of 

unweighted comparisons significantly differed in all 
covariates, except for chemotherapy regimen (Addi-
tional  file  2). The distributions of estimated PSs, ROC 
curve, and c-statistic are shown in Additional file 3. After 
PS weighting, the standardized mean difference for all 
covariates was confirmed to be < 0.10, indicating that the 
distribution of all covariates was adequately balanced 
(Additional file 2).

Outcomes
The median follow-up periods were 52 (interquartile 
range [IQR], 25–70) and 84 (IQR, 37–126) months in 
the standard-dose and high-dose groups, respectively. 
The 3-year overall survival rates were 79.3 and 80.8% in 
the standard-dose and high-dose groups, respectively. 

Table 1 Patient characteristics stratified by treatment group

Abbreviations: IQR Interquartile range, EP/LPM Tumor limited to the epithelium or invading the lamina propria mucosa, MM/SM1 Tumor invading the muscularis 
mucosa or submucosa to a depth of ≤ 200 μm from the lower border of the muscularis mucosa, SM2 Tumor invading the submucosa to a depth of > 200 μm, EUS 
Endoscopic ultrasonography, 3D-CRT  Three-dimensional conformal radiotherapy, IMRT/VMAT Intensity-modulated radiotherapy/volumetric modulated arc therapy

Characteristic Overall (n = 134) Standard‑dose (n = 66) High‑dose (n = 68) P‑value

Age, years 0.010

 Median (IQR) 67.0 (62.0–74.0) 70.0 (63.0–76.0) 65.5 (61.0–69.2)

 Range 40.0–86.0 40.0–86.0 47.0–79.0

Sex, n (%) 0.51

 Female 20 (14.9) 8 (12.1) 12 (17.6)

 Male 114 (85.1) 58 (87.9) 56 (82.4)

Tumor location, n (%) 0.68

 Cervical esophagus 6 (4.5) 3 (4.5) 3 (4.4)

 Upper thoracic esophagus 18 (13.4) 9 (13.6) 9 (13.2)

 Middle thoracic esophagus 67 (50.0) 36 (54.5) 31 (45.6)

 Lower thoracic esophagus 43 (32.1) 18 (27.3) 25 (36.8)

Tumor length, mm 0.62

 Median (IQR) 45.0 (30.0–70.0) 45.0 (30.0–77.5) 45.0 (30.0–70.0)

 Range 4.0–180.0 5.0–180.0 4.0–150.0

Clinical depth of invasion, n (%) 0.51

 EP/LPM 33 (24.6) 19 (28.8) 14 (20.6)

 MM/SM1 32 (23.9) 14 (21.2) 18 (26.5)

 SM2 69 (51.5) 33 (50.0) 36 (52.9)

Pretreatment staging combined with EUS

 No 100 (74.6) 39 (59.1) 61 (89.7) <  0.001

 Yes 34 (25.4) 27 (40.9) 7 (10.3)

Radiotherapy technique, n (%) 0.007

 3D-CRT 118 (88.1) 53 (80.3) 65 (95.6)

 IMRT/VMAT 16 (11.9) 13 (19.7) 3 (4.4)

Elective nodal irradiation, n (%) <  0.001

 No 68 (50.7) 9 (13.6) 59 (86.8)

 Yes 66 (49.3) 57 (86.4) 9 (13.2)

Chemotherapy, n (%) 1.000

 Cisplatin + 5-fluorouracil 124 (92.5) 61 (92.4) 63 (92.6)

 Others 10 (7.5) 5 (7.6) 5 (7.4)
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LR and MLR occurred in 19 (29%) and nine (14%) 
patients in the standard-dose group and seven (10%) 
and four (5.9%) patients in the high-dose group, respec-
tively. In the IPTW-adjusted Kaplan–Meier analysis 
(Fig. 1), the standard-dose group had a higher incidence 
of LR (adjusted HR, 4.00 [95% confidence interval [CI]: 
1.64–9.73]; adjusted log-rank p = 0.001) (Fig.  1a) and 
MLR (adjusted HR, 3.13 [95% CI: 0.91–10.81]; adjusted 
log-rank p = 0.098) (Fig.  1b) than the high-dose group, 
although the difference in MLR was not statistically sig-
nificant. The adjusted 3-year LR and MLR rates were 
33.8% (95% CI: 23.2–47.5) and 12.5% (95% CI: 6.1–24.8) 
in the standard-dose group and 9.6% (95% CI: 4.3–20.7) 
and 4.7% (95% CI: 1.5–14.3) in the high-dose group, 
respectively. In the Kaplan–Meier analysis stratified 
by clinical DOI (Fig.  2), the standard-dose group had a 
higher incidence of 3-year LR in the EP/LPM (21.1% [95% 
CI: 8.5–46.8] vs. 0.0%) and SM2 (41.2% [95% CI: 26.2–
60.6] vs. 14.2% [95% CI: 6.2–30.9]) subgroups than the 
high-dose group. In MLR analysis, these observed differ-
ences decreased in the EP/LPM (5.3% [95% CI: 0.8–31.9] 
vs. 0.0%) and SM2 (22.3% [95% CI: 11.2–41.4] vs. 11.3% 
[95% CI: 4.4–27.3]) subgroups. In the MM/SM1 sub-
group, the difference in LR and MLR between the two 
groups was small (3-year LR: 16.7% [95% CI: 4.4–51.8] vs. 
12.6% [95% CI: 3.3–41.9]; 3-year MLR: 0.0% vs. 0.0%).

In the univariable and multivariable Cox regression 
analyses (Tables 2 and 3), clinical DOI was stratified into 
two groups (EP/LPM and MM/SM1 vs. SM2), because no 
MLR was observed in the MM/SM1 subgroup. Standard-
dose radiotherapy was independently associated with a 
higher incidence of LR (HR, 4.09 [95% CI: 1.65–10.14]; 
p = 0.002) and MLR (HR, 4.00 [95% CI: 1.13–14.17]; 

p = 0.031) than high-dose radiotherapy. The clinical DOI 
of SM2 was an independent predictor of LR (HR, 2.89 
[95% CI: 1.14–7.34]; p = 0.026) and MLR (HR, 8.17 [95% 
CI: 1.45–45.91]; p = 0.017).

Discussion
Our study revealed that standard-dose radiotherapy is 
associated with a higher incidence of LR and MLR than 
high-dose radiotherapy. Although several studies have 
investigated the benefits of brachytherapy boost fol-
lowing external beam radiotherapy [13–15], to our best 
knowledge, this is the first study to directly compare 
the effects of standard-dose vs. high-dose radiotherapy 
on local tumor control in patients with non-metastatic 
SESCC treated with concurrent chemoradiotherapy. 
Our subgroup analyses indicated that salvage endoscopic 
resection can reduce differences in MLR between the 
two dose groups in the EP/LPM and MM/SM1 sub-
groups, although noticeable differences may be appar-
ent in the SM2 subgroup. Univariable and multivariable 
analyses revealed that the clinical DOI of SM2 is a strong 
predictor of MLR. As endoscopic resection is generally 
indicated for mucosal or shallow submucosal tumors [3, 
16], it is reasonable to assume that there would be con-
siderable difficulty in performing salvage endoscopic 
resection for recurrent lesions that initially had deep 
submucosal invasion (such as SM2 tumors). Salvage 
esophagectomy may be proposed for LR that cannot be 
eliminated by endoscopic resection; however, esophagec-
tomy following chemoradiotherapy may lead to high 
rates of morbidity and mortality [17, 18]. In this con-
text, we believe that when careful follow-ups with peri-
odic endoscopy and salvage endoscopic resection are 

Fig. 1 Local recurrence (a) and major local recurrence (b) curves of the treatment groups. The curves are based on values obtained with and 
without propensity score weighting. Number at risk is calculated from the unweighted population
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Fig. 2 Local recurrence (left) and major local recurrence (right) curves. Curves are stratified by clinical depth of invasion: a EP/LPM (tumors limited 
to the epithelium or invading the lamina propria mucosa), b MM/SM1 (tumors invading the muscularis mucosa or the submucosa to a depth of 
≤ 200 μm from the lower border of the muscularis mucosa), and c SM2 (tumors invading the submucosa to a depth of > 200 μm)
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feasible, both standard-dose and high-dose radiotherapy 
are appropriate treatments for EP/LPM and MM/SM1 
tumors, whereas SM2 tumors may require high-dose 
radiotherapy.

Interestingly, our study indicated that the incidence of 
LR in the standard-dose group, compared to that in the 
high-dose group, may be high, even in the EP/LPM sub-
group, although the reason is unclear. A possible expla-
nation for this is the difference in tumor length between 
the two groups. There were more patients with EP/LPM 
tumors with a tumor length > 80 mm in the standard-dose 
group than in the high-dose group. In fact, several stud-
ies have reported tumor length as a predictor of LR or 
locoregional recurrence [19, 20].

This study was limited by its retrospective study 
design and small sample size. Our study included 
patients who were treated between 2006 and 2019. 
During this extended period, there were several 
changes in chemotherapy regimens for recurrence and 
radiotherapy techniques. In this study, we did not com-
pare the rates of overall survival and adverse events 

between the treatment groups due to the difficulty of 
accounting for these changes. Currently, the results of 
an ongoing trial comparing standard-dose and high-
dose radiotherapy for clinical T1bN0M0 esophageal 
cancer in Japan (JCOG 1904; ClinicalTrials.gov Identi-
fier: NCT04328948) are awaited. We performed IPTW 
and univariable and multivariable analyses to adjust 
for differences in baseline characteristics between the 
treatment groups; however, some covariates that may 
affect the outcomes—including radiotherapy tech-
niques, treatment era, and the use of pretreatment 
endoscopic ultrasonography—could not be adjusted 
for. The use of endoscopic resection for larger or deeper 
SESCCs has been recently challenged at our institution 
[9], and patients treated with definitive chemoradio-
therapy in the modern era may have had more exten-
sive or deeper SESCCs. To account for this change, we 
included clinical DOI and tumor length as covariates. 
However, our results may be potentially affected by 
biases from unobserved differences. Although univari-
able and multivariable analyses revealed the significant 

Table 2 Univariable and multivariable analyses of local recurrence

Abbreviations: HR Hazard ratio, CI Confidence interval, Mt Middle thoracic esophagus, Ce Cervical esophagus, Ut Upper thoracic esophagus, Lt Lower thoracic 
esophagus, EP/LPM Tumor limited to the epithelium or invading the lamina propria mucosa, MM/SM1 Tumor invading the muscularis mucosa or submucosa to a 
depth of ≤ 200 μm from the lower border of the muscularis mucosa, SM2 Tumor invading the submucosa to a depth of > 200 μm

Covariates Univariable analysis Multivariable analysis

HR CI p‑value HR CI p‑value

Dose group

 High-dose (reference) 1.00 – – 1.00 – –

 Standard-dose 3.08 1.30–7.34 0.011 4.09 1.65–10.14 0.002

Age (years)

 40–64 (reference) 1.00 – – – – –

 65–74 0.94 0.39–2.26 0.88 – – –

 75–86 0.87 0.32–2.36 0.79 – – –

Sex

 Female (reference) 1.00 – – – – –

 Male 0.96 0.33–2.77 0.93 – – –

Tumor location

 Mt (reference) 1.00 – – 1.00 – –

 Ce or Ut 2.34 0.87–6.29 0.092 3.39 1.17–9.78 0.024

 Lt 1.89 0.77–4.66 0.16 3.00 1.13–7.93 0.027

Tumor length (mm)

 ≤ 40 (reference) 1.00 – – 1.00 – –

 > 40 and ≤ 80 0.33 0.11–0.99 0.048 0.42 0.14–1.28 0.13

 > 80 1.18 0.46–3.02 0.73 2.72 0.90–8.21 0.075

Clinical depth of invasion

 EP/LPM or MM/SM1 (reference) 1.00 – – 1.00 – –

 SM2 2.37 1.03–5.46 0.042 2.89 1.14–7.34 0.026

Chemotherapy

 Cisplatin + 5-fluorouracil (reference) 1.00 – – – – –

 Others 1.83 0.55–6.08 0.33 – – –
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benefit of high-dose radiotherapy for MLR, the IPTW 
analysis did not show statistically significant differences 
in MLR.

Conclusions
Our study revealed that high-dose radiotherapy had 
more positive effects on local tumor control than stand-
ard-dose radiotherapy in patients with non-metastatic 
SESCC who underwent definitive chemoradiotherapy. 
We also found that the clinical DOI of SM2 tumors is a 
strong predictor of recurrence that cannot be eliminated 
by endoscopic resection. The use of high-dose radiother-
apy may merit consideration, especially for the treatment 
of SM2 tumors. Further prospective studies comparing 
patient outcomes, including survival and adverse events, 
are needed to determine the optimal dose for patients 
with non-metastatic SESCC.
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Table 3 Univariable and multivariable analyses for major local recurrence

Abbreviations: HR Hazard ratio, CI Confidence interval, Mt Middle thoracic esophagus, Ce Cervical esophagus, Ut Upper thoracic esophagus, Lt Lower thoracic 
esophagus, EP/LPM Tumor limited to the epithelium or invading the lamina propria mucosa, MM/SM1 Tumor invading the muscularis mucosa or submucosa to a 
depth of ≤ 200 μm from the lower border of the muscularis mucosa, SM2 Tumor invading the submucosa to a depth of > 200 μm

Covariates Univariable analysis Multivariable analysis

HR CI p‑value HR CI p‑value

Dose group

 High-dose (reference) 1.00 – – 1.00 – –

 Standard-dose 2.50 0.77–8.17 0.13 4.00 1.13–14.17 0.031

Age (years)

 40–64 (reference) 1.00 – – – – –

 65–74 0.77 0.22–2.74 0.69 – – –

 75–86 0.85 0.21–3.41 0.82 – – –

Sex

 Female (reference) 1.00 – – – – –

 Male 0.98 0.22–4.43 0.98 – – –

Tumor location

 Mt (reference) 1.00 – – 1.00 – –

 Ce or Ut 3.00 0.75–12.04 0.12 4.24 0.91–19.80 0.066

 Lt 1.97 0.53–7.35 0.31 2.86 0.70–11.59 0.14

Tumor length (mm)

 ≤ 40 (reference) 1.00 – – 1.00 – –

 > 40 and ≤ 80 0.15 0.019–1.20 0.074 0.25 0.03–2.01 0.19

 > 80 1.11 0.30–4.09 0.88 4.5 0.93–21.91 0.062

Clinical depth of invasion

 EP/LPM or MM/SM1 (reference) 1.00 – – 1.00 – –

 SM2 5.67 1.26–25.62 0.024 8.17 1.45–45.91 0.017

Chemotherapy

 Cisplatin + 5-fluorouracil (reference) 1.00 – – 1.00 – –

 Others 2.82 0.62–12.88 0.18 3.24 0.66–15.87 0.15

https://doi.org/10.1186/s12885-022-09418-2
https://doi.org/10.1186/s12885-022-09418-2
http://www.editage.jp


Page 9 of 9Ikawa et al. BMC Cancer          (2022) 22:301  

helped collect the data, reviewed and edited the manuscript, and supervised 
the study. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The dataset used in the current study is available in the supporting informa-
tion files. The raw dataset is available from the corresponding author upon 
reasonable request as it includes some indirect identifiers.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards. The study design was 
approved by the ethics committee of Osaka International Cancer Institute 
(approval number 20096). All patients provided written informed consent for 
the use of their data in clinical research before the administration of radio-
therapy and had the opportunity to opt out of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests relevant to this 
article.

Author details
1 Department of Radiation Oncology, Osaka International Cancer Institute, 
3-1-69 Otemae, Chuo-ku, Osaka-city, Osaka 541-8567, Japan. 2 Department 
of Gastrointestinal Oncology, Osaka International Cancer Institute, Osaka, 
Japan. 3 Present Address: Osaka Heavy Ion Therapy Center, Osaka, Japan. 

Received: 22 December 2021   Accepted: 15 March 2022

References
 1. Japan Esophageal Society. Japanese classification of esophageal cancer, 

11th edition: part I. Esophagus. 2017;14:1–36. https:// doi. org/ 10. 1007/ 
s10388- 016- 0551-7.

 2. Japan Esophageal Society. Japanese classification of esophageal cancer, 
11th edition: part II and III. Esophagus. 2017;14:37–65. https:// doi. org/ 10. 
1007/ s10388- 016- 0556-2.

 3. Kitagawa Y, Uno T, Oyama T, Kato K, Kato H, Kawakubo H, et al. Esopha-
geal cancer practice guidelines 2017 edited by the Japan Esophageal 
Society: part 1. Esophagus. 2019;16:1–24. https:// doi. org/ 10. 1007/ 
s10388- 018- 0641-9.

 4. Yamamoto S, Ishihara R, Motoori M, Kawaguchi Y, Uedo N, Takeuchi 
Y, et al. Comparison between definitive chemoradiotherapy and 
esophagectomy in patients with clinical stage I esophageal squamous 
cell carcinoma. Am J Gastroenterol. 2011;106:1048–54. https:// doi. org/ 10. 
1038/ ajg. 2011. 42.

 5. Motoori M, Yano M, Ishihara R, Yamamoto S, Kawaguchi Y, Tanaka K, et al. 
Comparison between radical esophagectomy and definitive chemoradi-
otherapy in patients with clinical T1bN0M0 esophageal cancer. Ann Surg 
Oncol. 2012;19:2135–41. https:// doi. org/ 10. 1245/ s10434- 012- 2231-8.

 6. Kato H, Sato A, Fukuda H, Kagami Y, Udagawa H, Togo A, et al. A phase 
II trial of chemoradiotherapy for stage I esophageal squamous cell 
carcinoma: Japan Clinical Oncology Group study (JCOG9708). Jpn J Clin 
Oncol. 2009;39:638–43. https:// doi. org/ 10. 1093/ jjco/ hyp069.

 7. Minsky BD, Pajak TF, Ginsberg RJ, Pisansky TM, Martenson J, Komaki R, 
et al. INT 0123 (Radiation Therapy Oncology Group 94-05) phase III trial 
of combined-modality therapy for esophageal cancer: high-dose versus 

standard-dose radiation therapy. J Clin Oncol. 2002;20:1167–74. https:// 
doi. org/ 10. 1200/ JCO. 2002. 20.5. 1167.

 8. Oyama T, Inoue H, Arima M, Momma K, Omori T, Ishihara R, et al. Predic-
tion of the invasion depth of superficial squamous cell carcinoma based 
on microvessel morphology: magnifying endoscopic classification of the 
Japan Esophageal Society. Esophagus. 2017;14:105–12. https:// doi. org/ 
10. 1007/ s10388- 016- 0527-7.

 9. Yamashina T, Ishihara R, Uedo N, Nagai K, Matsui F, Kawada N, et al. 
Safety and curative ability of endoscopic submucosal dissection for 
superficial esophageal cancers at least 50 mm in diameter. Dig Endosc. 
2012;24:220–5. https:// doi. org/ 10. 1111/j. 1443- 1661. 2011. 01215.x.

 10. Ikawa T, Ishihara R, Konishi K, Morimoto M, Hirata T, Kanayama N, et al. 
Failure patterns after adjuvant chemoradiotherapy following endoscopic 
resection for superficial esophageal squamous cell carcinoma. Cancer 
Med. 2019;8:4547–54. https:// doi. org/ 10. 1002/ cam4. 2365.

 11. Yang DS, Dalton JE. A unified approach to measuring the effect size 
between two groups using SAS. In:  SAS global forum, vol. 335; 2012. p. 
1–6.

 12. Xie J, Liu C. Adjusted Kaplan-Meier estimator and log-rank test with 
inverse probability of treatment weighting for survival data. Stat Med. 
2005;24:3089–110. https:// doi. org/ 10. 1002/ sim. 2174.

 13. Ishikawa H, Nonaka T, Sakurai H, Tamaki Y, Kitamoto Y, Ebara T, et al. 
Usefulness of intraluminal brachytherapy combined with external beam 
radiation therapy for submucosal esophageal cancer: long-term follow-
up results. Int J Radiat Oncol Biol Phys. 2010;76:452–9. https:// doi. org/ 10. 
1016/j. ijrobp. 2009. 02. 029.

 14. Nemoto K, Yamada S, Nishio M, Aoki M, Nakamura R, Matsumoto Y, et al. 
Results of radiation therapy for superficial esophageal cancer using the 
standard radiotherapy method recommended by the Japanese Society 
of Therapeutic Radiology and Oncology (JASTRO) study group. Antican-
cer Res. 2006;26:1507–12.

 15. Murakami Y, Nagata Y, Nishibuchi I, Kimura T, Kenjo M, Kaneyasu Y, et al. 
Long-term outcomes of intraluminal brachytherapy in combination with 
external beam radiotherapy for superficial esophageal cancer. Int J Clin 
Oncol. 2012;17:263–71. https:// doi. org/ 10. 1007/ s10147- 011- 0285-4.

 16. Ishihara R, Arima M, Iizuka T, Oyama T, Katada C, Kato M, et al. Endoscopic 
submucosal dissection/endoscopic mucosal resection guidelines for 
esophageal cancer. Dig Endosc. 2020;32:452–93. https:// doi. org/ 10. 1111/ 
den. 13654.

 17. Tachimori Y, Kanamori N, Uemura N, Hokamura N, Igaki H, Kato H. Salvage 
esophagectomy after high-dose chemoradiotherapy for esophageal 
squamous cell carcinoma. J Thorac Cardiovasc Surg. 2009;137:49–54. 
https:// doi. org/ 10. 1016/j. jtcvs. 2008. 05. 016.

 18. Miyata H, Yamasaki M, Takiguchi S, Nakajima K, Fujiwara Y, Nishida T, et al. 
Salvage esophagectomy after definitive chemoradiotherapy for thoracic 
esophageal cancer. J Surg Oncol. 2009;100:442–6. https:// doi. org/ 10. 
1002/ jso. 21353.

 19. Kodaira T, Fuwa N, Tachibana H, Nakamura T, Tomita N, Nakahara R, et al. 
Retrospective analysis of definitive radiotherapy for patients with super-
ficial esophageal carcinoma: consideration of the optimal treatment 
method with a focus on late morbidity. Radiother Oncol. 2010;95:234–9. 
https:// doi. org/ 10. 1016/j. radonc. 2010. 01. 005.

 20. Ishikawa H, Sakurai H, Tamaki Y, Nonaka T, Yamakawa M, Saito Y, et al. 
Radiation therapy alone for stage I (UICC T1N0M0) squamous cell carci-
noma of the esophagus: indications for surgery or combined chemora-
diotherapy. J Gastroenterol Hepatol. 2006;21:1290–6. https:// doi. org/ 10. 
1111/j. 1440- 1746. 2006. 04089.x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s10388-016-0551-7
https://doi.org/10.1007/s10388-016-0551-7
https://doi.org/10.1007/s10388-016-0556-2
https://doi.org/10.1007/s10388-016-0556-2
https://doi.org/10.1007/s10388-018-0641-9
https://doi.org/10.1007/s10388-018-0641-9
https://doi.org/10.1038/ajg.2011.42
https://doi.org/10.1038/ajg.2011.42
https://doi.org/10.1245/s10434-012-2231-8
https://doi.org/10.1093/jjco/hyp069
https://doi.org/10.1200/JCO.2002.20.5.1167
https://doi.org/10.1200/JCO.2002.20.5.1167
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1111/j.1443-1661.2011.01215.x
https://doi.org/10.1002/cam4.2365
https://doi.org/10.1002/sim.2174
https://doi.org/10.1016/j.ijrobp.2009.02.029
https://doi.org/10.1016/j.ijrobp.2009.02.029
https://doi.org/10.1007/s10147-011-0285-4
https://doi.org/10.1111/den.13654
https://doi.org/10.1111/den.13654
https://doi.org/10.1016/j.jtcvs.2008.05.016
https://doi.org/10.1002/jso.21353
https://doi.org/10.1002/jso.21353
https://doi.org/10.1016/j.radonc.2010.01.005
https://doi.org/10.1111/j.1440-1746.2006.04089.x
https://doi.org/10.1111/j.1440-1746.2006.04089.x

	Influence of radiation dose and predicted tumor invasion depth on local recurrence after definitive chemoradiotherapy for stage 0–I esophageal squamous cell carcinoma: a propensity score-weighted, retrospective, observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Patients
	Pretreatment evaluations
	Chemoradiotherapy
	Patient follow-up and evaluation of outcomes
	Statistical analyses

	Results
	Patient characteristics and propensity score weighting
	Outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


