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Background: Different radiotherapy techniques may reduce toxicity, but there is limited evidence 
confirming their impact on improving survival in patients undergoing neoadjuvant chemoradiotherapy  
(neo-CRT) for esophageal cancer. This study aims to explore the prognostic value of these techniques. 
Methods: Data from the Taiwan National Health Insurance Research Database (NHIRD) and the Taiwan 
Cancer Registry (TCR) were analyzed, encompassing 1,601 patients with clinical stage II or III esophageal 
cancer who underwent preoperative neo-CRT between 2008 and 2016. Prognostic factors for overall survival 
(OS) were determined using Kaplan-Meier plots and the Cox proportional hazards model. Propensity score 
matching (PSM) was applied to compare intensity-modulated radiotherapy (IMRT) (n=1,114) and rotational 
IMRT (rIMRT) (n=487) and identify prognostic factors for OS.
Results: The adjusted hazard ratio (aHR) for postoperative OS between IMRT and rIMRT revealed no 
significant difference in 5-year OS [aHR =0.90; favoring rIMRT; 95% confidence interval (CI): 0.77–1.05], 
though a trend was observed (P=0.053). After PSM, the P value increased to 0.957, indicating no significant 
OS difference between IMRT and rIMRT. Male patients exhibited a worse prognosis than females  
(aHR =1.80; 95% CI: 1.25–2.59; P=0.002). The >70-year-old age group had poorer OS with an aHR of 
1.69 (95% CI: 1.28–2.24; P=0.001) compared to the 40–49-year-old age group. Radiation doses exceeding 
5,040 cGy were associated with poorer OS, with an aHR of 1.39 (95% CI: 1.14–1.70; P=0.001) relative to 
the 4,000–5,000 cGy dose range. High-volume hospitals were linked to higher OS compared to low-volume 
hospitals (aHR =1.35; 95% CI: 1.05–1.74; P=0.020). Finally, the aHR for clinical N (cN)0 relative to cN1 
was 0.78 (95% CI: 0.62–0.99, P=0.044), indicating a better prognosis.
Conclusions: Our NHIRD analysis revealed no significant OS difference in patients with stage II and 
III esophageal cancer receiving neo-CRT followed by surgery and treated with either IMRT or rIMRT. 
However, our findings identified several independent prognostic factors, including sex, age, cN category, 
radiation dose, and hospital volume, that influence OS.
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Introduction

Background

Esophageal cancer stands as the ninth most prevalent 
cancer in Taiwan, primarily characterized by squamous cell 
carcinoma (SCC), which accounts for more than 90% of 
diagnosed cases (1). The aggressive nature of esophageal 
SCC, combined with its high incidence, highlights the 
urgent need for effective therapeutic strategies.

Rationale and knowledge gap

Despite advancements in the understanding and management 
of esophageal cancer, several challenges persist. Aggressive 
tumor biology, advanced disease stages, and suboptimal 
responses to therapy have been identified as contributors to 
poor survival outcomes (2). While treatment guidelines, such 
as those established by the National Comprehensive Cancer 
Network (NCCN), provide valuable recommendations, 
the complexity of treatment decision-making is influenced 
by various factors, including patient performance status, 

available hospital resources, physician preferences, and 
disease-specific variables (3). In this context, a critical 
knowledge gap exists in understanding the impact of evolving 
radiotherapy techniques on survival outcomes, particularly in 
the Asian population with stage II or III esophageal cancer 
undergoing neoadjuvant chemoradiotherapy (neo-CRT) 
followed by surgery.

Objective

The overarching objective of this study is to address the 
identified knowledge gap by systematically analyzing 
prognostic factors for overall survival (OS) in Asian patients 
with stage II or III esophageal cancer who have undergone 
neo-CRT followed by surgery. Specifically, the study 
aims to evaluate the influence of different radiotherapy 
techniques on survival rates, with a particular focus on 
rotational intensity-modulated radiotherapy (rIMRT).

In the landscape of esophageal cancer treatment, 
radiotherapy plays a pivotal role, especially in the context of 
neo-CRT. Current recommendations advocate for a modest 
dose range of 4,000–5,000 cGy for patients undergoing neo-
CRT (4,5). Despite the growing adoption of IMRT and its 
modern extensions, such as rIMRT, in Taiwan, uncertainties 
persist regarding their impact on survival rates. Neo-CRT 
enables tumor downstaging, increases resectability, and 
affect local control and survival (5). Advanced technologies 
like helical tomotherapy, referred to collectively as rIMRT, 
have shown promise in achieving favorable dosimetric 
performance, as reported by Chen et al. (6). Notably, 
tomotherapy demonstrated sharper dose gradients, 
improved conformal coverage, enhanced uniformity, and 
significant reductions in lung (V20) and heart (V30, V45) 
exposure.

This study aims to fill the existing knowledge gap 
by comprehensively examining the impact of various 
radiotherapy techniques on survival outcomes in Asian 
patients with esophageal cancer. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tro.amegroups.com/article/view/10.21037/tro-23-
17/rc).

Methods

Database

This retrospective cohort study collected linked the 
datasets from Taiwan’s National Health Insurance Research 

Highlight box

Key findings
• Our National Health Insurance Research Database analysis 

found no significant difference in overall survival between stage 
II and III esophageal cancer patients receiving neoadjuvant 
chemoradiotherapy (neo-CRT) followed by surgery, regardless 
of intensity-modulated radiotherapy (IMRT) or rotational 
IMRT (rIMRT) treatment. Notably, sex, age, clinical N (cN) 
category, radiation dose, and hospital volume emerged as crucial 
independent prognostic factors.

What is known and what is new?
• In Taiwan, the increasing adoption of IMRT, encompassing 

advanced modalities like IMRT/volumetric-modulated arc therapy 
and helical tomotherapy (rIMRT), is observed. While IMRT and 
image-guided radiation therapy demonstrate improved dosimetric 
performance, their impact on survival rates remains uncertain. 
Significantly, no discernible survival disparity was observed 
between IMRT and rIMRT cohorts.

What is the implication, and what should change now?
• Our study underscores the pivotal roles of sex, age, cN category, 

radiation dose, and hospital volume in predicting survival for 
esophageal cancer patients undergoing neo-CRT followed by 
surgery. Importantly, the study affirms no substantial survival 
distinction between IMRT and rIMRT cohorts. Future research 
should delve into additional determinants of survival in this patient 
population.

https://tro.amegroups.com/article/view/10.21037/tro-23-17/rc
https://tro.amegroups.com/article/view/10.21037/tro-23-17/rc
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Database (NHIRD), and the Taiwan Cancer Registry 
(TCR) and Death Registry Records. The NHIRD data are 
based on Taiwan’s National Health Insurance program; this 
program has a coverage rate of >99%, rendering NHIRD 
data representative of empirical data in medical and health 
research (7). The study findings can serve as a reference for 
medical and health policymaking and an essential research 
resource. Since 1997, the Central Medical Insurance 
Administration—now restructured into the National Health 
Insurance Administration—has entrusted the National 
Institutes of Health to promote the establishment of the 
NHIRD. After 2 years of preparation and consolidation, 
hospitals in Taiwan began offering academic health 
insurance in the year 2000. The database has value-added 
services to facilitate related research.

The TCR was initiated in 1979 and is updated annually 
by the Ministry of Health and Welfare, Taiwan. The 
registry initially recorded 20 clinical-pathological variables 
for cancer, and the number has increased from 20 to 
114 during the years from 2002 to 2011. The data are 
standardized under the government’s entrustment to ensure 
data accuracy and are reviewed through regular medical 
record investigations. The diagnosis of malignancy is 
confirmed through histology. The TCR has excellent data 
completeness (97%) and quality (8). All study individuals 
have a hashed and unique personal identification number 

to link the data between these nationwide databases. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Human Research Ethics Committee of the Institutional 
Review Board of Chung Shan Medical University Hospital 
(CS2-20036). Because of the retrospective nature of the 
research, the requirement for informed consent was waived.

Study population

In the TCR dataset, we identified the patients who 
were diagnosed with esophageal cancer (International 
Classification of Diseases for Oncology codes: C15.0, 
C15.1, C15.2, C15.3, C15.4, C15.5, C15.8, and C15.9) 
at clinical stage II or III (determined according to the 
AJCC Cancer Staging Manual, Seventh Edition) between 
2008 and 2016 and receiving concurrent CRT followed 
by surgery for treatment. A total of 1,713 patients were 
captured.

The exclusions criteria included patients with missing 
data regarding the date of CRT or surgery (n=5), received 
the first treatment (surgery or radiotherapy) more than 
90 days after cancer diagnosis (n=53), and received 
radiotherapy for more than 180 days (n=10) or less than  
21 days (n=44). On the basis of the aforementioned criteria, 
this study included 1,601 esophageal cancer patients for 
analysis (Figure 1).

Since there were only five cases with missing data for 
CCRT or operation, we excluded them from the analysis. 
We confirmed that their exclusion did not have an impact 
on the statistical results. For the data included in the 
analysis, the date of surgery was set as the index date, and 
followed them until death or ended on December 31, 2017.

Variables

The TCR dataset used for the study included the following 
variables for analysis: age at diagnosis, sex, diagnosis year, 
radiotherapy technique, clinical T (cT), clinical N (cN), 
clinical stage, differentiation, cancer site, radiotherapy 
dose, body mass index (BMI), smoking status, and hospital 
volume. Hospital volume was classified based on the 
average number of people treated for esophageal cancer 
annually: if the number was among the top 25% in Taiwan, 
the hospital volume was considered high; if the number 
was in the top 25–50%, the hospital volume was medium; 
and if the number was in the bottom 50%, the hospital 
volume was low. The Death Registry Records were used to 

The patients were newly diagnosed with esophageal 
cancer (C15.X) from 2008 to 2016, (n=21,852)

Receiving neoadjuvant CCRT followed by surgery in 
patients with stage II and III, (n=1,713)

Receiving neoadjuvant CCRT followed by surgery in 
patients with stage II and III, n=1,601. The index date 

was defined as the date of surgery

Excluding
• Missing of date in CCRT or surgery (n=5)
• The First treatment (surgery or radiotherapy) was 

more than 90 days after cancer diagnosis (n=53)
• The duration of radiation therapy was more than 

180 days (n=10) or less than 21 days (n=44)

Figure 1 Protocol and data collection process overview. CCRT, 
concurrent chemoradiotherapy.
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verify the survival status and date of death of the patients 
included in the study.

Statistical analysis

We used the Kaplan-Meier estimator to calculate the 
5-year OS rates among different groups, and the log-
rank test was used to test the survival difference for the 
prognostic variable. We referred to Table S1, where 
the univariate analysis revealed imbalanced baseline 
characteristics with an absolute standardized difference 
(ASD) >0.1. These imbalances encompassed various 
factors, including the year of diagnosis, age at diagnosis, 
differentiation, cT stage, cN stage, BMI, smoking, hospital 
volume, and image-guided radiation therapy (IGRT), 
between IMRT and rIMRT groups prior to propensity 
score matching (PSM). To mitigate this confounding 
bias, we meticulously incorporated these covariates into 
a subsequent multivariable analysis. This comprehensive 
approach aimed to estimate the adjusted hazard ratio (aHR) 
of rIMRT in relation to the risk of all-cause mortality. By 
doing so, we aimed to ensure the appropriate control of 
potential confounding factors, thereby strengthening the 
validity of the results obtained from multivariable Cox 
proportional hazards regression analyses presented in 
Table 1. The univariate and multivariable Cox proportional 
hazards regression was used to estimate the HR and 95% 
confidence interval (CI) of prognostic factors on the risk of 
all-cause mortality.

We observed the rIMRT/IMRT might be associated 
with the OS rate in these patients. However, the treatment 
was not randomly assigned in the observational study, 
the potential confounding bias should be adjusted by 
the appropriate method. The PSM was performed to 
reduce the confounding bias after balance the measured 
characteristics between the study groups (9). The 
propensity score was estimated as the probability of the 
treatment of rIMRT by using logistic regression, and the 
covariates included year of diagnosis, sex, age at diagnosis, 
cancer site, histological type, cancer differentiation, cT and 
cN stage, BMI, smoking, hospital volume for care, IGRT. 
We used the PSMATCH procedure in SAS software, the 
algorithm of greedy nearest neighbor matching, and non-
replacement paired within 0.01 caliper widths. Finally, 
there were 305 pairs of PSM IMRT patients and rIMRT 
patients were selected for analysis. We used the ASD (10) 
to compare the baseline covariates between groups in this 
large-sample observational study. The characteristics were 

balanced when the ASD was <0.1.
All statistical analyses were conducted by using 

SAS version 9.4 (SAS Institute, Cary, NC, USA). The 
significance level of 0.05 was used for hypothesis test.

Results

Patient characteristics

Table 2 indicated the characteristics of the patients (n=1,601). 
Among the patients, 748 (46.7%) patients had cancer 
located in the middle third of the esophagus or chest, 
and 1,528 (95.4%) patients were SCC. In addition, 1,333 
(83.3%) patients had clinical stage III cancer, 1,243 (77.6%) 
patients had stage T3 cancer, and 692 (43.2%) patients 
had stage N1 cancer. High-volume hospitals treated 1,105 
(69.0%) patients. Among the radiotherapy techniques, 
IMRT with IGRT was used in 197 (12.3%) patients, 
rIMRT with IGRT in 199 (12.4%) patients, IMRT without 
IGRT in 917 (57.3%) patients, and rIMRT without IGRT 
in 288 (18.0%) patients. The median follow-up time was  
18 months in this study.

The mortality risk and 5-year OS rate

Table 3 presented the all-cause mortality rate was 21.99% 
(95% CI: 20.58–23.47%) per 1,000 person-months in all 
study patients. When stratified by IGRT, the all-cause 
mortality rate was 21.45% (95% CI: 19.86–23.12%) 
and 23.89% (95% CI: 20.79–27.33%) in the non-IGRT 
and IGRT cohort, respectively. When stratified by 
IMRT, the all-cause mortality rate was 22.28% (95% CI: 
20.62–24.04%) and 21.17% (95% CI: 18.50–24.12%) 
in the IMRT and rIMRT cohort, respectively. Figure 2A 
illustrated the 5-year cumulative OS probability was 0.341 
(95% CI: 0.31–0.37) after surgery. Figure 2B showed the 
IGRT stratified 5-year OS probability was 0.340 (95% 
CI: 0.31–0.37) and 0.366 (95% CI: 0.31–0.43) in non-
IGRT cohort and IGRT cohort, respectively, and the 
IGRT stratified 5-year OS probabilities was not significant 
difference (log-rank P=0.715). Figure 2C showed the IMRT 
stratified 5-year OS probability was 0.328 (95% CI: 0.29–
0.36) and 0.400 (95% CI: 0.34–0.46) in IMRT cohort and 
rIMRT cohort, respectively, and the IMRT stratified 5-year 
OS probabilities was the borderline statistical significance 
(log-rank P=0.053).

The aHRs for postoperative OS were showed in Table 3.  
The aHR was 1.03 (95% CI: 0.88–1.21), which is not 

https://cdn.amegroups.cn/static/public/TRO-23-17-Supplementary.pdf
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Table 1 aHRs for all-cause mortality

Parameters aHR (95% CI) P value

RT type 1

Non-IGRT Reference

IGRT 1.03 (0.88–1.20) 0.715

RT type 2

IMRT Reference

rIMRT 0.90 (0.77–1.05) 0.053

Year of diagnosis

2010–2012 Reference

2013–2016 0.87 (0.75–1.02) 0.082

Sex

Male 1.80 (1.25–2.59) 0.002

Female Reference

Age at diagnosis (years)

<40 1.24 (0.81–1.91) 0.327

40–49 Reference

50–59 0.95 (0.80–1.13) 0.585

60–69 1.14 (0.94–1.39) 0.179

≥70 1.69 (1.28–2.24) 0.001

Cancer site

Upper third or cervical area 1.07 (0.87–1.30) 0.527

Middle third or thoracic Reference

Lower third or abdominal 0.97 (0.82–1.15) 0.731

Origin intermediate or NOS 1.12 (0.92–1.36) 0.267

Differentiation

Missing 0.98 (0.84–1.14) 0.815

Well differentiation 0.68 (0.41–1.12) 0.126

Moderate differentiation Reference

Poor differentiation 1.01 (0.83–1.22) 0.938

cT stage

1 0.61 (0.32–1.19) 0.146

2 Reference

3 1.02 (0.82–1.28) 0.836

4 1.34 (0.99–1.79) 0.051

cN stage

0 0.78 (0.62–0.99) 0.044

1 Reference

2 1.03 (0.88–1.20) 0.729

3 1.21 (0.97–1.51) 0.100

Table 1 (continued)

Table 1 (continued)

Parameters aHR (95% CI) P value

RT highest dose

3,000–<4,000 1.14 (0.86–1.52) 0.366

4,000–<5,000 Reference

5,000–5,040 0.93 (0.79–1.09) 0.354

>5,040 1.39 (1.14–1.70) 0.001

BMI (kg/m2)

Missing 1.20 (0.75–1.93) 0.456

<18.5 1.25 (0.99–1.56) 0.052

18.5–24 Reference

>24 0.91 (0.76–1.09) 0.303

Smoking

Missing 0.83 (0.49–1.42) 0.504

Never smoking Reference

Current smoking 0.94 (0.73–1.22) 0.655

Quit smoking 0.93 (0.71–1.23) 0.606

Hospital volume

High Reference

Medium 0.99 (0.84–1.17) 0.887

Low and very low 1.35 (1.05–1.74) 0.020

aHR was estimated by multiple Cox regression that included 
the co-variates of year of diagnosis, sex, age at diagnosis, 
cancer site, histological type, cancer differentiation, cT and cN 
stage, BMI, smoking, hospital volume for care, IGRT, and RT 
technique. aHR, adjusted hazard ratio; CI, confidence interval; 
RT, radiotherapy; IGRT, image-guided radiation therapy; IMRT, 
intensity-modulated radiotherapy; rIMRT, rotational IMRT; NOS, 
non-specific; cT, clinical T; cN, clinical N; BMI, body mass index.

statistically significant, in patients with IGRT techniques 
compared with the non-IGRT cohort. The non-significant 
aHR of 0.90 (95% CI: 0.77–1.05) was observed between 
IMRT patients and rIMRT patients. Table 1 showed a 
multivariate analysis using Cox regression to determine the 
prognostic factors for OS. Our results indicated that male 
sex was associated with a poorer OS compared to female 
sex (aHR =1.80; 95% CI: 1.25–2.59; P=0.002). Additionally, 
the >70-year-old age group had poorer OS with an aHR of 
1.69 (95% CI: 1.28–2.24; P=0.001) when compared to the 
40–49-year-old age group. Radiation doses greater than 
5,040 cGy were also associated with poorer OS (aHR =1.39; 
95% CI: 1.14–1.70; P=0.001) compared to doses within 
the 4,000 to 5,000 cGy range. High-volume hospitals were 
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Table 2 Baseline characteristics in patients receiving neoadjuvant 
CCRT followed by surgery

Characteristics Total (n=1,601), n (%)

Year of diagnosis

2010–2012 548 (34.2)

2013–2016 1,053 (65.8)

Sex

Male 1,509 (94.3)

Female 92 (5.7)

Age at diagnosis (years)

<40 32 (2.0)

40–49 364 (22.7)

50–59 719 (44.9)

60–69 385 (24.0)

70 101 (6.3)

Cancer site

Upper third or cervical area 232 (14.5)

Middle third or thoracic 748 (46.7)

Lower third or abdominal 382 (23.9)

Origin intermediate or NOS 239 (14.9)

Histological type

SCC 1,528 (95.4)

Others 73 (4.6)

Differentiation

Missing 531 (33.2)

Well 36 (2.2)

Moderate 777 (48.5)

Poorly 257 (16.1)

Clinical stage

II 268 (16.7)

III 1,333 (83.3)

cT stage

1 25 (1.6)

2 192 (12.0)

3 1,243 (77.6)

4 141 (8.8)

cN stage

0 180 (11.2)

1 692 (43.2)

2 562 (35.1)

3 167 (10.4)

Table 2 (continued)

Table 2 (continued)

Characteristics Total (n=1,601), n (%)

BMI (kg/m2)

Missing 348 (21.7)

<18.5 184 (11.5)

18.5–24 723 (45.2)

>24 346 (21.6)

Smoking

Missing 325 (20.3)

Never smoking 155 (9.7)

Current smoking 808 (50.5)

Smoking cessation 313 (19.6)

Hospital volume†

High 1,105 (69.0)

Medium 372 (23.2)

Low and very low 124 (7.7)

IGRT

Non-IGRT 1,205 (75.3)

IGRT 396 (24.7)

RT technique (IMRT or rIMRT)

IMRT 1,114 (69.6)

rIMRT 487 (30.4)
†, the hospital volume is based on the average annual number of 
patients treated for esophageal cancer from 2010 to 2016. If the 
number is among the top 25% in Taiwan, the hospital volume 
is high; if the number is in the top 25–50%, the hospital volume 
is medium; and if the hospital volume is in the bottom 50%, the 
hospital volume is low. CCRT, concurrent chemoradiotherapy; 
NOS, non-specific; SCC, squamous cell carcinoma; cT, clinical 
T; cN, clinical N; IGRT, image-guided radiation therapy; RT, 
radiotherapy; IMRT, intensity-modulated radiotherapy; rIMRT, 
rotational IMRT.

associated with a higher OS than low-volume hospitals  
(aHR =1.35; 95% CI: 1.05–1.74; P=0.020). Finally, patients 
with cN0 disease had a better prognosis than those with 
cN1 disease, with an aHR of 0.78 (95% CI: 0.62–0.99; 
P=0.044). In summary, we identified sex, age, cN category, 
radiation dose, and hospital volume as independent 
prognostic factors for OS.

The PSM IMRT cohort and rIMRT cohort

To reduce the effect of confounding bias, we conducted 
PSM to balance the observed baseline characteristics 
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Table 3 All-cause mortality risk after surgery among study cohort stratified by RT technique

Parameters N Observed person-months Death, n All-cause mortality rate (95% CI), % aHR (95% CI)

Before PSM

All patients 1,601 40,526 891 21.99 (20.58–23.47)

Non-IGRT 1,205 31,612 678 21.45 (19.86–23.12) Reference

IGRT 396 8,914 213 23.89 (20.79–27.33) 1.03 (0.88–1.21)

IMRT 1,114 29,852 665 22.28 (20.62–24.04) Reference

rIMRT 487 10,674 226 21.17 (18.50–24.12) 0.90 (0.77–1.05)

After PSM for rIMRT

IMRT 305 7,258 152 20.94 (17.75–24.55) Reference

rIMRT 305 6,463 140 21.66 (18.22–25.56) 1.00 (0.78–1.27)

aHR, the co-variates including the variables of year of diagnosis, sex, age at diagnosis, cancer site, histological type, cancer differentiation, 
cT and cN stage, BMI, smoking, hospital volume for care, IGRT, and RT technique. All-cause mortality rate, per 1,000 person-months was 
estimated by the online tool on the website: https://www.openepi.com/PersonTime2/PersonTime2.htm. RT, radiotherapy; CI, confidence 
interval; aHR, adjusted hazard ratio; PSM, propensity score matching; IGRT, image-guided radiation therapy; IMRT, intensity-modulated 
radiotherapy; rIMRT, rotational IMRT; cT, clinical T; cN, clinical N; BMI, body mass index.

Figure 2 The Kaplan-Meier OS rate in patients with stage II or III esophageal cancer after neo-CRT followed by surgery. (A) All study 
patients. (B) Stratified by IGRT. (C) Stratified by IMRT. IGRT, image-guided radiation therapy; IMRT, intensity-modulated radiotherapy; 
rIMRT, rotational IMRT; OS, overall survival; neo-CRT, neoadjuvant chemoradiotherapy.
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between IMRT cohort and rIMRT cohort. Before PSM, 
the unbalanced baseline characteristics, that defined as 
ASD >0.10, including year of cancer diagnosis, age at 
diagnosis, cancer histological type, cancer differentiation, 
BMI, smoking, hospital volume, and IGRT technique, 
were observed between IMRT cohort and rIMRT cohort  
(Table S1). After PSM, all baseline characteristics were 
balanced between two cohorts, however, there were only 
305 paired patients selected for analysis (Table S1). After 
PSM, the 5-year post-surgery OS probability was 0.395 
and 0.402 in IMRT cohort and rIMRT cohort, respectively, 
and the OS probabilities was not significantly different, the 
log-rank P=0.957 (Figure 3). Table 3 also showed the aHR 
was 1.00 (95% CI: 0.78–1.27), which is not statistically 
significant between IMRT and rIMRT after PSM.

In Table 4, we observed the aHR of all-cause mortality 
between IMRT and rIMRT cohort stratified by baseline 
characteristics. In the patients with BMI >24 kg/m2, the 
rIMRT cohort had higher risk of mortality, aHR =2.09 (95% 
CI: 1.21–3.63), compared with IMRT cohort.

Discussion

Several factors have been shown to affect the prognosis 
of esophageal cancer (11-13). Tustumi et al. found that 
poor differentiation histology and tumor size were 
associated with worse oncology stages in patients with 
SCC, but not in those with adenocarcinoma (14). They 
also found that weight loss and changes in BMI (kg/m2) 

were predictors of a worse stage at diagnosis in SCC, but 
not in adenocarcinoma. Similarly, Eloubeidi et al. reported 
that older age, black ethnicity, higher histological grade, 
longer tumor length, number of involved lymph nodes, and 
primary tumor site in the lower esophagus and abdomen 

Figure 3 The Kaplan-Meier OS rate between the PSM IMRT and 
rIMRT cohort. PSM, propensity score matched; IMRT, intensity-
modulated radiotherapy; rIMRT, rotational IMRT; OS, overall 
survival.

Table 4 The subgroup analysis for the all-cause mortality risk in 
patients with rIMRT compared with patients with IMRT

Parameters
aHR (95% CI) of mortality  

rIMRT compared with IMRT

All 1.00 (0.78–1.27)

Stratified by year of diagnosis

2010–2012 0.86 (0.52–1.41)

2013–2016 1.03 (0.80–1.32)

Stratified by sex

Male 1.03 (0.82–1.28)

Female 1.02 (0.41–2.54)

Stratified by age at diagnosis

Age <50 years 0.90 (0.56–1.43)

Age 50–59 years 1.06 (0.74–1.53)

Age ≥60 years 1.10 (0.73–1.65)

Stratified by clinical stage

Clinical stage II 0.88 (0.48–1.62)

Clinical stag III 1.07 (0.85–1.36)

Stratified by BMI

BMI <18.5 kg/m2 0.95 (0.43–2.08)

BMI 18.5–24 kg/m2 0.96 (0.70–1.32)

BMI >24 kg/m2 2.09 (1.21–3.63)

Stratified by smoking

Never 0.71 (0.26–1.91)

Ever 0.99 (0.76–1.28)

Hospital volume

High 1.05 (0.81–1.35)

Non-high 0.82 (0.52–1.29)

Stratified by IGRT

Non-IGRT 1.03 (0.79–1.36)

IGRT 1.13 (0.73–1.76)

rIMRT, rotational IMRT; IMRT, intensity-modulated radiotherapy; 
aHR, adjusted hazard ratio; CI, confidence interval; BMI, body 
mass index; IGRT, image-guided radiation therapy.
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were associated with poorer OS (15). Moreover, Tachibana 
et al. demonstrated an association between differentiation 
grade and prognosis, with poor cellular differentiation 
leading to a poor oncologic stage at diagnosis (16). Further 
research is needed to better understand the impact of these 
factors on esophageal cancer prognosis.

Key findings

Our study investigated prognostic factors for OS in patients 
with stage II and III esophageal cancer who underwent 
neo-CRT followed by surgery. Our findings showed that 
sex, age, cN category, radiotherapy dose, and hospital 
volume were independent prognostic factors for OS. 
Although a trend was observed, we did not find a significant 
difference in 5-year OS between cT4 (tumor invading 
adjacent structures) and cT2 (tumor invading muscularis 
propria; P=0.051) cancer or between poor and moderate 
cell differentiation (P=0.938). Similarly, we observed a 
trend but not a significant difference in OS between a 
BMI of <18.5 kg/m2 and that of 18.5–24 kg/m2 (P=0.052). 
It should be noted that our study only included patients 
with stage II or III cancer who underwent neo-CRT and 
surgery, and did not investigate the impact of BMI, T stage, 
and cell differentiation on OS in other stages or treatment 
modalities.

Comparison with similar researches

In comparison with prior research, our study stands out 
for its larger sample size and use of a national database 
to compare the survival benefits of different radiotherapy 
techniques. However, our findings did not indicate a 
significant difference in survival benefits between rIMRT 
and IMRT, contrary to the findings of some previous 
studies.

Two previous studies were reviewed that compared 
the survival rates of different radiotherapy techniques for 
patients with esophageal cancer. The first study, conducted 
by Xu et al., included 195 patients with thoracic esophageal 
cancer of stage I–II (51%) and stage III–IV (49%) who 
received concurrent CRT from November 2012 to March 
2016. The study compared the OS rates of patients who 
underwent volumetric-modulated arc therapy (VMAT) 
and step-and-shoot IMRT (ssIMRT), administered at a 
dose of 45 to 50.4 Gy. The median follow-up periods were 
14.3 months (range, 3.8–34.5 months) for VMAT and 
31.8 months (range, 1.8–117.2 months) for ssIMRT. The 

2-year OS rates were similar between the two treatment 
techniques (60.0% for VMAT and 61.4% for ssIMRT; 
P=0.868). Furthermore, the 2-year recurrence-free survival 
rates were also similar between the treatment techniques 
(59.9% for VMAT and 61.8% for ssIMRT; P=0.614) (17). 
In addition, Yang et al. reported on a study of 78 patients 
with cervical esophageal cancer of stage I (7%), stage II 
(32%), stage III (53.8%), and stage IV (6%). The study 
found no significant differences in survival benefits between 
radiation techniques. Specifically, the 2-year OS rates 
associated with three-dimensional conformal radiotherapy 
(3DCRT), IMRT, and VMAT were 53.6%, 55.6%, and 
60.6%, respectively (P=0.965). Moreover, the 2-year failure-
free survival rates associated with these techniques were 
49.5%, 56.7%, and 60.1% (P=0.998), respectively (18).

Strengths and limitations

Compared to previous studies, our investigation included 
a larger sample of patients with esophageal cancer who 
underwent radiotherapy (IMRT, n=1,114; rIMRT, n=487). 
In addition, our study was the first to use a national 
database to compare the survival benefits of different 
radiotherapy techniques. However, our findings did not 
indicate a significant difference in survival benefits between 
rIMRT and IMRT, as the median follow-up periods for 
both techniques were similar (IMRT: 18 months, 95% CI: 
9–39; rIMRT: 17 months, 95% CI: 9.5–29.5), and there was 
no trend for 5-year OS after PSM (P=0.957). Furthermore, 
there was no significant difference in 5-year OS between 
the two techniques, regardless of whether IGRT was used 
(P=0.715). Our study hypothesized that rIMRT could 
potentially improve prognosis and reduce postoperative 
mortality, as it can preserve normal tissues and organs. 
However, our results did not support this hypothesis, as 
rIMRT did not have an impact on prognosis or reduce 
postoperative mortality. There are several possible 
explanations for this finding. Firstly, previous studies have 
shown that radiotherapy does not increase survival rates 
in esophageal cancer, even when administered at relatively 
high doses. Our study found that even the highest dose of 
rIMRT was higher than that of IMRT (P<0.001; Table S2), 
and the highest dose of IGRT was also higher than that 
of non-IGRT (P=0.001; Table S3). However, due to data 
limitations, we were unable to determine the distribution 
of side effects. Secondly, we were unable to determine 
the cause of death, and whether death was caused by 
radiotherapy-related side effects or the course of the tumor. 

https://cdn.amegroups.cn/static/public/TRO-23-17-Supplementary.pdf
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Previous studies have shown that higher radiation doses 
(>50.4 Gy) do not increase survival or local/regional control 
for nonsurgical patients and may even result in higher 
treatment-related mortality (19). Our data suggest that a 
neo-CRT dose of >5040 cGy for patients with stage II or III 
esophageal cancer may result in a significantly lower 5-year 
OS rate after surgery than a dose of 4,000–5,000 cGy, 
regardless of the radiotherapy technique used (P=0.001). 
Studies investigating the impact of hospital volume on 
esophagectomy outcomes have yielded inconsistent findings 
(20-23). Some studies have reported a positive association 
between higher hospital volume and improved OS (20,21), 
while others have shown that high-volume centers are 
associated with reduced postoperative length of stay, a cost-
related outcome (22). In a study of 11,346 patients who 
underwent esophageal cancer surgery in 122 hospitals, Kim 
et al. found that in-hospital mortality rates were significantly 
higher in low- and medium-volume hospitals than in high-
volume hospitals (P<0.001), and patients treated in low- 
or medium-volume hospitals had lower 5-year OS rates 
than those treated in high-volume hospitals (P<0.001) (24). 
Similarly, our study found that patients treated in high-
volume hospitals had higher OS rates than those treated 
in low-volume hospitals (aHR =1.35; 95% CI: 1.05–1.74; 
P=0.020), but no significant difference in OS rates was 
observed between medium- and high-volume hospitals 
(P=0.887).

This study has several limitations that should be 
considered when interpreting the results. Firstly, the broad 
range of radiotherapy doses in the database could not be 
fully explained due to limitations of the data. Secondly, 
important prognostic factors such as tumor regression grade, 
ypTN-stage, R0 vs. R1 vs. R2 resection, and pathological 
complete response data were not available for inclusion in 
our analysis. Thirdly, we were unable to provide statistical 
data on posttreatment toxicity due to data limitations.

Explanations of findings

The study’s results suggest that radiotherapy techniques, 
specifically rIMRT, did not have a significant impact on 
prognosis or postoperative mortality. Potential explanations 
for this finding include the fact that radiotherapy, even 
at relatively high doses, has not been shown to increase 
survival rates in esophageal cancer. The study also noted 
that higher doses of radiotherapy did not necessarily 
translate to improved outcomes. However, data limitations, 
such as the inability to determine the distribution of 

side effects and the cause of death, warrant caution in 
interpreting these findings.

Implications and actions needed

Given the limitations and the reported incidence of 
complications in patients treated with preoperative CRT 
followed by surgery for esophageal cancer, future studies 
should prioritize addressing these gaps and limitations. 
Previous studies have consistently highlighted the incidence 
of toxicity and postoperative complications in patients 
undergoing preoperative CRT followed by surgery for 
esophageal cancer. Notably, postoperative complications, 
including pulmonary issues (5.7–48.3%), respiratory 
failure (5.7–8.3%), pneumonia (20.8%), cardiac issues 
(5.7–24.1%), and anastomotic leakage (2.9–22%), have been 
reported in 22.8–49% of cases (5,25-29). Therefore, future 
studies should address these limitations comprehensively 
and incorporate relevant prognostic factors and toxicity 
data. This approach will contribute to a more thorough 
understanding of the impact of radiotherapy techniques on 
the outcomes of esophageal cancer treatment.

Conclusions

Our analysis of NHIRD data revealed several independent 
prognostic factors for OS in stage II and stage III 
esophageal cancer patients treated with neo-CRT followed 
by surgery, including sex, age, cN category, radiation dose, 
and hospital volume. Furthermore, we found no significant 
difference in OS between patients treated with IMRT and 
rIMRT. While our study sheds light on the importance 
of these factors in predicting survival outcomes, future 
research is needed to further elucidate the key determinants 
of survival in esophageal cancer patients.
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Table S1 Baseline characteristics before and after PSM

Characteristics
Before PSM After PSM

IMRT rIMRT ASD IMRT rIMRT ASD

N 1,114 487 305 305

Year of diagnosis 0.6331 0.0196

2010–2012 474 (42.55) 74 (15.20) 38 (12.46) 40 (13.11)

2013–2016 640 (57.45) 413 (84.80) 267 (87.54) 265 (86.89)

Sex 0.0622 0.0376

Male 1,055 (94.70) 454 (93.22) 281 (92.13) 284 (93.11)

Female 59 (5.30) 33 (6.78) 24 (7.87) 21 (6.89)

Age at diagnosis (years) 0.1813 0.0652

<40 28 (2.51) 4 (0.82) 3 (0.98) 3 (0.98)

40–49 257 (23.07) 107 (21.97) 70 (22.95) 72 (23.61)

50–59 484 (43.45) 235 (48.25) 140 (45.90) 140 (45.90)

60–69 269 (24.15) 116 (23.82) 78 (25.57) 73 (23.93)

≥70 76 (6.82) 25 (5.13) 14 (4.59) 17 (5.57)

Cancer site 0.0943 0.0329

Upper third or cervical area 168 (15.08) 64 (13.14) 36 (11.80) 37 (12.13)

Middle third or thoracic 526 (47.22) 222 (45.59) 147 (48.20) 147 (48.20)

Lower third or abdominal 266 (23.88) 116 (23.82) 80 (26.23) 75 (24.59)

Origin intermediate or NOS 154 (13.82) 85 (17.45) 42 (13.77) 46 (15.08)

Histological type 0.0112 0.0172

SCC 1,064 (95.51) 464 (95.28) 293 (96.07) 294 (96.39)

Others 50 (4.49) 23 (4.72) 12 (3.93) 11 (3.61)

Differentiation 0.2643 0.0678

Missing 409 (36.71) 122 (25.05) 0 (0.00) 0 (0.00)

Well 26 (2.33) 10 (2.05) 12 (3.93) 9 (2.95)

Moderate 514 (46.14) 263 (54.00) 220 (72.13) 218 (71.48)

Poorly 165 (14.81) 92 (18.89) 73 (23.93) 78 (25.57)

Clinical stage 0.0894 0.0084

II 175 (15.71) 93 (19.10) 56 (18.36) 57 (18.69)

III 939 (84.29) 394 (80.90) 249 (81.64) 248 (81.31)

cT stage 0.1682 0.2349

I and II 135 (12.12) 82 (16.84) 37 (12.13) 57 (18.69)

III 886 (79.53) 357 (73.31) 243 (79.67) 215 (70.49)

IV 93 (8.35) 48 (9.86) 25 (8.20) 33 (10.82)

cN stage 0.1435 0.1250

0 121 (10.86) 59 (12.11) 44 (14.43) 34 (11.15)

I 505 (45.33) 187 (38.40) 118 (38.69) 117 (38.36)

II 374 (33.57) 188 (38.60) 113 (37.05) 116 (38.03)

III 114 (10.23) 53 (10.88) 30 (9.84) 38 (12.46)

CCI score 0.0912 0.0448

≤2 202 (18.13) 91 (18.69) 57 (18.69) 57 (18.69)

3–4 288 (25.85) 139 (28.54) 77 (25.25) 73 (23.93)

5–8 256 (22.98) 97 (19.92) 64 (20.98) 61 (20.00)

>8 368 (33.03) 160 (32.85) 107 (35.08) 114 (37.38)

BMI (kg/m2) 0.2933 0.0700

Missing 281 (25.22) 67 (13.76) 37 (12.13) 42 (13.77)

<18.5 124 (11.13) 60 (12.32) 40 (13.11) 41 (13.44)

18.5–24 472 (42.37) 251 (51.54) 160 (52.46) 160 (52.46)

>24 237 (21.27) 109 (22.38) 68 (22.30) 62 (20.33)

Smoking 0.3325 0.0619

Missing 267 (23.97) 58 (11.91) 29 (9.51) 34 (11.15)

Never smoking 101 (9.07) 54 (11.09) 34 (11.15) 36 (11.80)

Current smoking 525 (47.13) 283 (58.11) 178 (58.36) 177 (58.03)

Smoking cessation 221 (19.84) 92 (18.89) 64 (20.98) 58 (19.02)

Hospital volume† 0.2146 0.0784

High 804 (72.17) 301 (61.81) 217 (71.15) 211 (69.18)

Medium 235 (21.10) 137 (28.13) 55 (18.03) 65 (21.31)

Low and very low 75 (6.73) 49 (10.06) 33 (10.82) 29 (9.51)

IGRT 0.5268 0.1062

Non-IGRT 917 (82.32) 288 (59.14) 217 (71.15) 202 (66.23)

IGRT 197 (17.68) 199 (40.86) 88 (28.85) 103 (33.77)
†, hospital volume was classified based on the average number of people treated for esophageal cancer annually: if the number was 
among the top 25% in Taiwan, the hospital volume was considered high; if the number was in the top 25–50%, the hospital volume was 
medium; and if the number was in the bottom 50%, the hospital volume was low and very low. PSM, propensity score matching; IMRT, 
intensity-modulated radiotherapy; rIMRT, rotational IMRT; ASD, absolute standardized difference; NOS, non-specific; SCC, squamous cell 
carcinoma; cT, clinical T; cN, clinical N; CCI, Charlson Comorbidity Index; BMI, body mass index; IGRT, image-guided radiation therapy.
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Table S2 Exposure quantity statistics are classified according to dose and IMRT 

RT highest dose IMRT (n=1,114), % rIMRT (n=487), % P value

3,000–<4,000 7.27 3.70 <0.001

4,000–<5,000 43.81 32.24

5,000–5,040 37.16 41.89

>5,040 11.76 22.18

IMRT, intensity-modulated radiotherapy; RT, radiotherapy; rIMRT, rotational IMRT.

Table S3 Exposure quantity statistics are classified according to dose and IGRT 

RT highest dose Non-IGRT (n=1,205), % IGRT (n=396), % P value

3,000–<4,000 5.15 9.34 0.001

4,000–<5,000 41.24 37.37

5,000–5,040 40.00 34.34

>5,040 13.61 18.94

IGRT, image-guided radiation therapy; RT, radiotherapy.


