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Abstract
Objective Explore the efficacy and safety of involved-field irradiation (IFI) combined with S-1 as definitive concurrent 
chemoradiotherapy (dCRT) for locally advanced elderly esophageal squamous cell carcinoma (ESCC), under the 
premise of intensity-modulated radiotherapy (IMRT).

Methods We designed a prospective single-arm phase II study. The study enrolled 91 patients aged 75 to 92 years. 
Eligible participants had histologically confirmed squamous cell carcinoma, stage II to IV disease based on the 8th 
edition of the American Joint Committee on Cancer (AJCC). All elderly patients (EPs) received dCRT with S-1. which 
was administered orally twice daily for 28 days. The radiotherapy dose was 61.2 Gy delivered in 34 fractions or 50.4 Gy 
delivered in 28 fractions. The primary endpoint was 2-year overall survival (OS), and the secondary endpoints were 
progression-free survival (PFS), local control rate (LCR), and safety.

Results From July 2017 to July 2021, we enrolled EPs with ESCC who were treated at the Jiangsu Cancer hospital. 
As of August 1, 2023, the median follow-up of surviving EPs was 31.4 months (IQR: 25.2 to 72.6 months). 83 patients 
(91.2%) completed the whole course of treatment. The 2-year OS rate was 59.2%, and the PFS rate was 43.7%. 
The most common grade 1 to 2 adverse effects (AEs) were radiation esophagitis (79.1%), and then were radiation 
pneumonia (46.2%). Anemia (41.8%) was the most common of grade 1 to 2 hematologic toxicity. The incidence of 
grade 3 or above AEs was 24.2%, and the incidence of leukopenia was the highest (11.0%). There was not one death 
due to treatment-related toxicity. In a subgroup analysis of radiotherapy doses, we found no statistically significant 
differences in PFS (P = 0.465) and OS (P = 0.345) in EPs with ESCC who received 50.4 Gy and 61.2 Gy, and that patients 
in the 50.4 Gy group had lower dermatitis (P = 0.045) and anemia (P = 0.004).

Conclusions IF-IMRT combined with S-1 is a promising regimen for elderly ESCC. And the radiotherapy dose of 
50.4 Gy remains the standard dose for EPs with ESCC undergoing CCRT.
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Introduction
Esophageal cancer is the sixth leading cause of cancer-
related death worldwide [1]. The median age at diagno-
sis is 68 years old [2]. Most elderly patients (EPs) with 
esophageal cancer are excluded from large clinical stud-
ies due to chronic diseases, organ function decline, or 
poor nutritional status [3]. As the aging of the population 
in our country continues and the mortality rate of elderly 
patients with esophageal cancer rises, it is very impor-
tant to study and standardize the treatment strategies 
for patients with esophageal cancer. The RTOG 85 − 01 
[4] study established definitive concurrent chemora-
diotherapy (dCRT) as the standard treatment for locally 
advanced inoperable esophageal cancer. However, up 
to 42% of patients in the study (26% of patients in the 
dCRT group who are 70 years old or older) stopped treat-
ment due to high toxicity. Because of the great toxicity of 
dCRT, most EPs with ESCC currently only receive radio-
therapy or palliative care only [5].

Elective nodal irradiation (ENI) has traditionally been 
the standard radiotherapy approach for esophageal can-
cer. However, this method has been associated with a sig-
nificant incidence of radiation-related toxicity, primarily 
due to the extensive volume of tissue exposed to radia-
tion. Several retrospective [6] analyses have indicated 
that Eps with esophageal cancer who underwent ENI in 
conjunction with double-agent intravenous chemother-
apy not only poor treatment adherence but also alarm-
ing treatment-related mortality rates ranging from 13 to 
18%. This highlights the need for alternative, less toxic, 
and more effective treatment strategies for this patient 
population. Recent studies have highlighted that involve-
ment-field irradiation (IFI) [7, 8] can reduce radiother-
apy-related toxicity without compromising patients 
survival by minimizing the volume of tissue exposed to 
radiation. S-1 [9], a third-generation new fluorouracil, is 
not only endowed with both anti-cancer and radiosensi-
tizing effects but also boasts high efficiency, low toxicity, 
and ease of administration. Studies [10] have demon-
strated that S-1 is as effective and safe as intravenously 
administered fluorouracil in gastric cancer patients. This 
opens up new possibilities for CCRT in EPs with ESCC. 
Building on these findings, we have designed a phase II 
study (ESO-Nanjing4) to investigate the combination 
of IFI and oral S-1 chemotherapy in ESCC, with the 
aim of verifying the efficacy and safety of this treatment 
regimen.

Inclusion and exclusion criteria
Inclusion criteria, (1) participants must be 75 years of 
age or older; (2) a definitive diagnosis of squamous cell 
carcinoma; (3) an Eastern Cooperative Oncology Group 
(ECOG) performance status ranging from 0 to 2; (4) 
no prior treatment received at the initial consultation; 

(5) ineligibility for surgical intervention or a voluntary 
refusal of intravenous chemotherapy, with stage II to IV 
disease based on the 8th edition of the TNM; (6) no seri-
ous hematologic cardiac, pulmonary, hepatic, or renal 
dysfunctions, nor any immune deficiencies; (7) a pro-
jected survival period exceeding 3 months; (8) no evi-
dence of a second primary tumor at other sites prior to 
treatment, or a second primary tumor that has remained 
stable for over 5 years.

Exclusion criteria, (1) complete obstruction of the 
esophagus resulting in an inability to ingest food; (2) 
severe esophageal ulcers, perforation, or vomiting of 
blood; (3) current involvement in other clinical trials; (4) 
a history or presence of interstitial lung disease; (5) inca-
pacitating seizures or a loss of consciousness due to men-
tal disorders; (6) any condition that, in the opinion of the 
research team, makes the patient unsuitable for this trial.

Following approval from the Jiangsu Cancer hospital’s 
ethics committee, all participants in the study signed 
have provided their informed consent willingly engaging 
in the research process (Fig. 1).

Radiotherapy regimen
IMRT was delivered using a linear accelerator with 6MV 
photons. Patients are positioned supine, with an appro-
priate headrest selected based on the curvature of the 
neck, and their hands are raised and crossed to hold 
their elbows. After being fixed with a thermoplastic body 
mold, a CT simulation localization scan is performed, 
with the range extending from the cricoid cartilage to 
below the diaphragm, with a slice thickness of 5 mm. Due 
to the long time period covered by this study, dose pre-
scription varied to some extent. The gross tumor volume 
(GTV) included the primary tumor and involved lymph 
nodes. In general, the clinical tumor volume (CTV), GTV 
is extended up and down by 3 cm, and it is not released 
outside all around. There is no CTV in metastatic lymph 
nodes. Planned tumor volume (PTV), CTV was placed 
1  cm around and above and below, and one side of the 
spinal cord can be modified as appropriate to avoid 
high doses of radiation to the spinal cord (Supplemen-
tary File 1). The evaluation of the quality of a treatment 
plan is conducted using tools such as the Dose-Volume 
Histogram (DVH) and isodose curves. Position verifi-
cations were executed at least weekly using kV images 
or Cone Beam Computer Tomography (CBCT). Dose 
constraints to the organs at risk are as follows: maxi-
mum dose in the spinal cord ≤ 45  Gy; mean lung dose 
(MLD) ≤ 13  Gy, lung V20 ≤ 28%, lung V30 ≤ 18%; mean 
heart dose (MHD) < 36  Gy, heart V30 ≤ 45%. Principle 
of radiotherapy suspended, patients with neutrophil 
(ANC) < 1.0 × 109/L (or white blood cell < 2 × 109/L, when 
ANC was not available), or platelet (PLT) < 50 × 1012/L 
discontinue radiotherapy. Radiotherapy can be 
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postponed for up to 2 weeks, otherwise, it should be dis-
continued in principle, unless the investigator deems it 
necessary to continue radiotherapy.

Chemotherapy regimen
On the first day of radiotherapy, all patients take S-1 
orally (50 mg bid.), once half an hour after breakfast and 
once half an hour after dinner, continuously for 4 weeks, 
followed by a rest period of 2 weeks, with 6 weeks consti-
tuting one treatment cycle. After the completion of con-
current chemoradiotherapy, patients proceed with two 
additional cycles of consolidation chemotherapy. During 
chemotherapy, if a patient is unable to swallow S-1 cap-
sules, the powder inside the capsules can be dissolved 
in water for consumption. All patients should receive 
the planned dosage of S-1. If necessary, the dosage of 
S-1 may be adjusted based on the patient’s hematologic 
toxicity or other toxicities. Should the chemotherapy be 
delayed by two weeks or longer, the patient should dis-
continue the oral intake of S-1. Following the conclusion 
of concurrent chemoradiotherapy, EPs then engage in 
two cycles of consolidative chemotherapy. In instances 
where EPs have difficulty swallowing S-1 capsules, the 
contents can be dissolved in water for easier ingestion. It 
is imperative that all EPs adhere to the prescribed dosage 
of S-1. Adjustments to the S-1 dosage may be warranted 
in response to hematologic or other toxicities experi-
enced by the patient. If there is a delay of two weeks or 

more in the chemotherapy schedule, the patient must 
cease taking S-1 orally.

Follow-up and data collection
The primary endpoint was a 2-year OS. Secondary end-
points were PFS, LCR, and safety. OS was defined as the 
last follow-up time from the start of treatment to death 
from any cause or to the end of the study; PFS was the 
time from the onset of treatment to disease progression 
or death; Local control time refers to the time between 
initiation of radiation therapy and recurrence of esopha-
geal lesions or lymph nodes in the radiotherapy target. 
All EPs document AEs utilizing the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) version 4.0. 
Acute toxicities are evaluated from the commencement 
of radiotherapy through to three months post-treatment. 
Follow-up visits were planned at 4 weeks and 10 weeks 
and every 3 months thereafter for the first year, every 6 
months for the second year, and annually from years 3 
to 5. We acquired the following clinical characteristics 
via electronic medical records and telephone follow-up, 
including age; sex; tumor site; tumor length, stage; ECOG 
performance status; the lowest point of the absolute lym-
phocyte count (ALC) (from examination reports within 
two months of concurrent chemoradiotherapy); and 
parameters of the DVH: MHD, MLD, heart V30 and lung 
V20, and lung V5.

Fig. 1 91 elderly patients with ESCC underwent IF-IMRT and S-1 with concurrent chemotherapy
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Sample size calculation and statistical methods
In previous studies, the 2-year radiotherapy OS for Eps 
who received radiotherapy alone was 16% [4], and our 
study is expected to increase the 2-year OS of Eps to 
36%. The enrollment period was 48 months, and the last 
enrolled patient was followed up for 2 years, for a total 
study period of 60 months. Under the test level α = 0.05 
(two-sided test), 80% power, considering the shedding 
rate of 10%, the minimum sample size was calculated as 
91 cases.

Data entry and statistical analysis with SPSS17.0 soft-
ware. Categorical variables were descriptively analyzed 
by frequency and proportion. Median and inter-quar-
tile range (IQR) were used to summarize continuous 

variables. X-tile 3.6.1 software (Yale University, New 
Haven, CT, USA) was used to determine the best criti-
cal value of pretreatment ALC nadir (ALCmix). On this 
basis, the receiver operating characteristics (ROC) curve 
was used to determine the cut-of points for dosimet-
ric parameters with ALCmix as the state variable. The 
Kaplan-Meier method calculates the patient’s OS and 
plots the survival curve. Cox proportional hazards regres-
sion analysis was used to calculate the risk ratio and 95% 
CI. The Pearson chi-square test or Fisher’s exact test was 
used to compare treatment effects, toxic side effects, and 
other categorical variables between subgroups. P ≤ 0.05 
was statistically significant. The study was performed in 
accordance to the declaration of Helsinki in its latest ver-
sion and was approved by our independent ethics com-
mittee. All patients gave written informed consent prior 
to treatment initiation.

Results
Clinical data and treatment completion
The characteristics of the 91 patients are listed in Table 1. 
The median age is 78 years old (range, 75 to 92 years old). 
The median length of esophageal tumors was 4.5  cm 
(range, 2.0 to 9.0  cm). 29.7% of patients had a fam-
ily history of tumors; 47 patients (51.6%) had diabetes 
and hypertension chronic diseases. 88 patients (96.7%) 
completed the full course of radiotherapy, of which 36 
patients received 50.4  Gy, 52 patients received 61.2  Gy. 
Reasons for prematurely stopping RT were poor physical 
condition (3.3%) and the formation of a tracheoesopha-
geal fistula (1.1%) (initially diagnosed with T4b, CT 
showing tumor invasion of the trachea), respectively. 86 
patients (94.5%) completed two cycles of chemotherapy, 
4 patients received only one cycle due to intolerance, and 
one patient discontinued S-1 due to tracheoesophageal 
fistula. 84 patients (92.3%) completed the entire course of 
dCRT, as shown in Fig. 1. 9 patients, due to difficulty in 
swallowing during chemotherapy, dissolved the powder 
from the capsules in water for consumption, respectively.

Survival situation
As of August 1, 2023, the median follow-up time of 
surviving patients was 31.4 months (IQR: 25.2 to 72.6 
months), and no patients were lost to follow-up. 61 
patients (67.0%) died, including 28 (30.8%) patients due 
to esophageal tumors, 7 (7.7%) patients due to tumor-
related complications, and 26 patients (28.6%) due to 
other diseases and/or accidents. The median OS was 30.2 
months (IQR: 12.3 to 75.4 months), and the 2-year OS 
rate was 59.2%, and 3-year and 5-year OS were 44.8% and 
26.3%. The median PFS was 19.1 months, and the 2-year 
PFS was 43.7%, and 3-year and 5-year PFS were 32.6% 
and 20.2% (Fig. 2).

Table 1 Characteristics of 91 elderly patients with ESCC
Characteristic N (%)
Age(y)
 ≤ 78 46(50.5%)
 > 78 45(49.4%)
Sex
 Male 63(69.2%)
 Female 28(30.7%)
Stage (AJCC, 8th)
 II 36(39.5%)
 III 42(46.1%)
 IVa 13(14.2%)
T stage
 T2 41(45.0%)
 T3 38(41.7%)
 T4 12(13.1%)
N stage
 N0 8(8.7%)
 N1 71(78.0%)
 N2 11(12.0%)
 N3 1(1.0%)
Tumor location
 Upper (< 25 cm) 20(21.8%)
 Middle (25 ~ 30 cm) 58(63.7%)
 Lower (> 30 cm) 13(14.2%)
Tumor length, cm
 ≤ 4 40(43.9%)
 > 4 51(56.0%)
ECOG score
 0 ~ 1 88(96.7%)
 2 3(3.2%)
Smoking history
 Former or current 46(50.5%)
 Never 45(49.4%)
Drinking history
 Former or current 37(40.7%)
 Never 54(59.3%)
Radiation dose
 50.4 Gy 37(40.7%)
 61.2 Gy 54(59.3%)
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In a post-hoc analysis of patients receiving different 
doses of radiotherapy, PFS was no longer in the 61.2 Gy 
subgroup than in the 50.4 Gy subgroup (the median PFS, 
24.7 months vs. 16.3 months; HR = 1.26 [95% CI, 0.76 to 
2.09]; P = 0.465). We also observed the same results in OS 
(the median OS, 26.0 months vs. 36.4 months, HR = 1.37 
[95% CI, 0.80 to 2.35]; P = 0.345, Fig. 3).

The univariate analysis and multivariate results as 
shown in Table  2. The results showed that the older, 
a decrease in ALCmix, an increase in heart V30, and 
an increase in lung V20, all of which were negatively 

correlated with survival in EPs. We include variables with 
a p-value less than or equal to 0.1 in the univariate analy-
sis into the multivariate analysis. The multivariate analy-
sis revealed that ALCmix, heart V30, and lung V20 were 
the pivotal determinants of patient outcomes.

Treatment failure mode
38 patients (41.8%) had regional recurrence, including 32 
patients (35.2%) within the irradiation field and 6 (6.6%) 
outside the irradiation field. Among the recurrent out-
side the irradiation field, 4 patients had intra-abdominal 
lymph node metastasis, and 2 patients had supraclavicu-
lar lymph node metastasis. Distant metastases occurred 
in 12 patients (13.2%), including 3 patients (3.3%) liver 
metastases, 8 patients (8.8%) lung metastases, and 1 
patient (1.1%) pleural metastasis. Of the 48 patients who 
failed treatment, 3 patients (3.3%) had both local recur-
rence and distant metastases.

Fig. 3 Elderly patients with ESCC received PFS and OS in different radio-
therapy dose subgroups

 

Fig. 2 IF-IMRT combined with S-1 concurrent chemotherapy in the treat-
ment of LCR, PFS, and OS in elderly patients with ESCC
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A post-hoc analysis, the rates for all failure were 
59.5% and 48.1% in the 50.4 Gy and 61.2 Gy subgroups, 
respectively, including locoregional failure in 48.6% vs. 
37.0%, distant metastasis in 13.5% vs. 13.0%, and both 
locoregional and distant failure in 3.1% versus 2.5%, 
respectively; these values were not significantly different 
(Table 3).

Adverse effects
The most common grade 1 to 2 AE was radiation esopha-
gitis (70.2%). 42 patients (46.0%) developed grade 1 to 2 

radiation pneumonitis; The most common hematologic 
toxicity was a decrease in leukocytes (44.0%). The inci-
dence of grade 3 and above AEs were 24.2%, including 
10 (11.0%) leukopenia, 4 (4.4%) neutrophilia, 4 (4.4%) 
radiation esophagitis, 3 (3.3%) thrombocytopenia, and 1 
(1.1%) hemoglobin decrease. All patients had improved 
AEs after symptomatic treatment, and there were no 
deaths of treatment-related toxicity (Table 4).

A post-hoc analysis indicated that severe AEs (grade 3 
or higher) were documented in 18.9% of patients within 
the 50.4 Gy treatment subgroup and in 20.4% of patients 

Table 2 Univariate analysis and multivariate analysis of the factors associated with OS
Baseline characteristics Univariate analysis Multivariate analysis

P- value HR (95% CI) P- value HR (95% CI)
Age, years (≤ 78 vs. > 78) 0.011# 0.51(0.300-0.858) 0.102 0.63(0.357–1.098)
Sex (male vs. female) 0.060 0.46(0.209–1.032) 0.001# 0.35(0.182–0.660)
ECOG score (0–1 vs. 2) 0.453 0.64(0.200-2.052) - -
Tumor length, cm (< 5 vs. ≥ 5) 0.468 0.79(0.419–1.492) - -
Clinical stage (II vs. III) 0.946 0.98(0.569–1.694) - -
Clinical stage (II vs. IV) 0.932 0.98(0.670–1.444) - -
T stage (T1-2 vs. T3-4) 0.700 0.91(0.543–1.507) - -
N stage (N0-1 vs. N2-3) 0.074 0.35(0.108–1.108) 0.084 0.35(0.108–1.151)
Treatment discontinuation (no vs. yes) 0.500 0.71(0.255–1.947) - -
ALCmix, *109/L (≤ 0.51 vs. > 0.51) 0.023# 0.42(0.799–0.887) 0.034# 0.44(0.207–0.941)
Heart V30, % (≤ 38.01 vs. > 38.01) 0.013# 0.42(0.211–0.830) 0.006# 0.34(0.158–0.735)
MHD, Gy (≤ 13.04 vs. > 13.04) 0.805 0.93(0.531–1.635) - -
Lung V5, % (≤ 45.89 vs. > 45.89) 0.511 0.83(0.473–1.452) - -
Lung V20, % (≤ 26.46 vs. > 26.46) 0.040# 0.45(0.214–0.966) 0.019# 0.39(0.179–0.858)
MLD, Gy (≤ 13.04 vs. > 13.04) 0.062 0.56(0.300-1.031) 0.139 0.61(0.320–1.173)
Abbreviation: ALCmix, absolute lymphocyte count nadir; MHD, mean heart dose; MLD, mean lung dose; #, the p-value was less than 0.05 and statistically significant

Table 3 The mode of treatment failure
Failure site N (%) P-value

50.4 Gy(N = 37) 61.2 Gy(N = 54) Total(N = 91)
Regional recurrence 18(48.6%) 20(37.0%) 38(41.8%) 0.270
Within the irradiation field 16(43.2%) 16(29.6%) 32(35.2%) 0.182
Outside the irradiation field 2(5.4%) 4(7.4%) 6(6.6%) 1.000
Distant metastasis 5(13.5%) 7(13.0%) 12(13.2%) 0.939
Lung 4(10.8%) 4(7.4%) 8(8.8%) 0.852
Liver 1(2.7%) 2(3.7%) 3(3.3%) 0.791
Pleura 0 1(1.9%) 1(1.1%) 0.305

Table 4 Adverse effects in 91 elderly patients with ESCC treated with IF-IMRT combined with S-1
Adverse effects Grade 1 Grade 2 Grade 3 Grade 4
Leukopenia 15(16.4%) 15(16.4%) 8(8.7%) 2(2.1%)
Neutropenia 10(10.9%) 13(14.2%) 3(3.2%) 1(1.0%)
Thrombocytopenia 23(25.2%) 3(3.2%) 3(3.2%) 0
Anemia 36(39.6%) 2(2.1%) 1(1.0%) 0
Fever 2(2.1%) 0 0 0
Hiccup 5(5.4%) 1(1.0%) 0 0
Acid reflux 21(23.0%) 0 0 0
Esophagitis 24(26.3%) 48(52.7%) 4(4.3%) 0
Pneumonitis 31(34.0%) 11(12.0%) 0 0
Dermatitis 13(14.2%) 0 0 0
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within the 61.2 Gy treatment subgroup (P = 0.846). How-
ever, the prevalence of radiation-induced dermatitis was 
notably elevated in the subgroup receiving 61.2 Gy com-
pared to the subgroup treated with 50.4  Gy (5.4% vs. 
20.4%, P = 0.045, Table 5).

Discussion
Our study suggested that 75 years old or older ESCC 
patients receiving single-agent S-1 combined with IF-
IMRT were significantly higher in local control, sur-
vival rate, and well tolerated. Furthermore, the survival 
rates among patients undergoing 50.4  Gy dose radio-
therapy were comparable to those receiving 61.2  Gy, 
while the frequency of adverse events was significantly 
lower in the 50.4 Gy cohort.

With the extension of life expectancy and the aggra-
vation of population aging, the cancer burden of EPs 
in China is increasing [11]. As the principal therapeu-
tic approach for patients with ESCC, enhancing the 
precision of radiotherapy targeting and mitigating the 
toxicity to target organs and adjacent tissues presents 
a formidable challenge. Compared with conventional 
radiation therapy, IMRT reduces cardiac and pulmo-
nary exposure and toxicity and prolongs survival [12]. 
Owing to the unique “skipping” metastatic behav-
ior of lymph nodes in esophageal tumors, the appli-
cation of prophylactic lymph node irradiation may 
effectively curtail local recurrence or distant metas-
tasis in patients [13]. Target volume delineation dur-
ing the precise RT for EC includes IFI and ENI. ENI 
has a larger range of irradiation field, which increases 
the incidence of grade 3 or higher radiation esopha-
gitis and radiation pneumonitis [14, 15]. In the study 
by Chen et al. [16], it was observed that patients aged 
75 years or older with ESCC who received IF-IMRT 
in combination with S-1 achieved a 2-year OS rate of 
54.3%. The incidence of radiation esophagitis of grade 
3 or higher was notably low, at only 3.8%. The predom-
inant patterns of treatment failure were local recur-
rence and distant metastasis within the irradiated field, 
with almost no instances of lymph node recurrence in 
the irradiated areas. In our study, the 2-year OS rate 
was 59.2% in 91 patients, which is broadly similar to 

the results of the two studies above. In summary, IF-
IMRT is recommended for EPs with locally advanced 
ESCC, especially those with chronic diseases such as 
heart and lung, who receive radical CCRT.

EPs were at increased risk of toxicity to intravenous 
chemotherapy compared with younger patients due to 
increasing age and decreasing bone marrow reserve 
[17]. As shown in the relevant clinical studies in 
Table 6, we can observe that the toxicity of dual-agent 
intravenous chemotherapy combined with radiother-
apy for EPs with ESCC is greater than that of single-
agent chemotherapy combined with radiotherapy [9, 
18–23]. Although some retrospective studies [20, 24] 
showed that EPs receiving fluorouracil and cispla-
tin rarely develop serious AEs and death from related 
causes, these patients may be carefully screened, and 
most of these patients also receive lower doses of che-
motherapy or radiotherapy. S-1/capecitabine oral che-
motherapy combined with radiotherapy appears to 
be more appropriate for EPs with ESCC [25]. S-1 is a 
third-generation novel fluorouracil oral anticancer 
drug consisting of tigafluoride, gemstone, and acryl-
amide potassium [26]. Meta-analysis showed that 
for EPs with esophageal cancer, S-1 combined with 
radiotherapy could achieve more satisfactory efficacy 
and better tolerated [27]. Moreover, Xu et al. [28] 
conducted a randomized, open-label, phase-clinical 
trial in 23 centers in China. This study included 298 
patients with locally advanced ESCC aged 70 to 85 
years. The 2-year OS in the radiotherapy group com-
bined with S-1 was significantly higher than that in the 
radiotherapy alone group (53.2% vs. 35.8%, P = 0.002). 
Grade 3 or above were more patients in the concur-
rent chemoradiotherapy group than in the radiother-
apy alone group (95% vs. 27%, P = 0.010). Similarly, our 
study further supports the efficacy of S-1. Interest-
ingly, S-1 [29] is an oral fluoropyrimidine derivative 
similar to capecitabine, but there have been few stud-
ies of single-agent capecitabine in combination with 
radiotherapy in EPs with ESCC. A large multicenter 
randomized phase III study by Jia and colleagues [23] 
included 246 patients with ESCC who were assessed as 
not tolerating surgery or unwilling to undergo surgery. 

Table 5 Comparison of the safety of radiotherapy dose 50.4 gy and 61.2 gy in elderly patients with ESCC
Adverse effects 50.4 Gy(n = 37) 61.2 Gy(n = 54) P-value

Grade 1 ~ 2 Grade 3 Grade 4 Grade 1 ~ 2 Grade 3 Grade 4
Leukopenia 13(35.1) 3(8.1) 1(2.7) 17(31.5) 5(9.3) 1(2.0) 0.752
Neutropenia 8(21.6) 1(2.7) 0 15(27.8) 2(3.7) 1(2.0) 0.355
Thrombocytopenia 13(35.1) 2(5.4) 0 13(24.1) 1(2.0) 0 0.142
Anemia 23(62.2) 0 0 17(31.5) 1(2.0) 0 0.004#

Esophagitis 22(59.5) 0 0 42(77.8) 0 0 0.060
Pneumonitis 14(37.8) 0 0 28(51.9) 0 0 0.249
Dermatitis 2(5.4) 0 0 11(20.4) 0 0 0.045
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They were randomly divided into groups receiving 
radiotherapy combined with capecitabine, radio-
therapy combined with capecitabine plus oxaliplatin 
(XELOX), and radiotherapy combined with 5-fluo-
rouracil plus cisplatin (PF). The median age of the 
patients in the capecitabine group was 66 years old. 
In capecitabine, XELOX, and PF arms, the 2-year OS 
rate was 75%, 66.7%, and 70.9% (capecitabine vs.PF: 
P = 0.637; XELOX vs.PF: P = 0.444); the mOS was 40.9, 
41.9 and 35.4 months. The incidence of grade ≥ 3 AEs 
during the entire treatment was 28.8%, 36.5%, and 
45.7%, respectively. The higher 2-year OS rate in this 
study may be attributed to the advances in radiother-
apy techniques, fewer Eps, comprehensive supportive 
care, and high treatment compliance. In conclusion, 
the results of these clinical trials [26, 27, 30, 31] sug-
gest that EPs can tolerate S-1 combine with radio-
therapy, and this treatment can be used as a standard 
treatment regimen for radical chemoradiotherapy 
in elderly esophageal cancer. However, capecitabine 
is also likely to be an alternative option for locally 
advanced EPs with ESCC.

Radiation in a dose of 50 Gy combined with dCRT is 
the standard therapy for patients with localized carci-
noma of the esophagus who are selected for nonsur-
gical treatment, on the basis of the Intergroup trial 
RTOG 85 − 01 [4, 32]. However, the locoregional fail-
ure rate after dCRT was high (35–45%), which was 
also demonstrated in several other large dCRT series 
[33]. The dose of 50  Gy is relatively low compared 
with radiation doses used in curative dCRT schemes 
for other carcinomas, such as lung cancer and head 
and neck cancer, and higher OS rates are achieved 
in these tumors [34–36]. The randomized RTOG 
INT 0123 trial [37] compared CRT using a high dose 
(64.8  Gy) with a standard dose (50.4  Gy), combined 
with chemotherapy. There was no significant differ-
ence in 2-year OS (31% vs.40%) between the high- and 
standard-dose arms. The ARTDECO study [22], a total 
of 260 patients with esophageal cancer were enrolled 
and randomly assigned to high-dose (64.8  Gy) and 
standard-dose (50.4  Gy). The results showed no dif-
ference in OS (P = 0.220) and grade ≥ 3 AE (P = 0.150) 
between the two groups, and the increase in radio-
therapy dose did not improve the local control rate of 
patients. Presently, the NCCN guidelines, the Japanese 
esophageal cancer guidelines, the CSCO esophageal 
cancer guidelines, and several clinical studies have 
not made a dosing for radical chemoradiotherapy in 
EPs with esophageal cancer [38]. Several randomized 
studies and meta-analysis showed that 50–50.4  Gy 
doses should be used as the standard dose in patients 
receiving concurrent chemoradiotherapy [39–41]. 
Due to the large time span of our study, the standard Ta
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radiotherapy dose for dCRT for esophageal cancer 
changed during the trial, so we made appropriate 
adjustments. Results from different dose subgroups 
showed no significant difference in PFS and OS, but 
EPs who received 61.2 Gy were more likely to develop 
radiation dermatitis. Moreover, the rates of local and 
distant recurrence were the same in the two sub-
groups. Advances in radiotherapy technology and the 
determination of standard doses of radiotherapy have 
reduced the occurrence of AEs, but intra-field recur-
rence remains the most common type of progression 
after radical chemoradiotherapy [42, 43]. Zhao et al. 
[44] are conducting a study to screen patients who 
would benefit from increased radiotherapy dose based 
on SUV values shown on PET/CT, to improve local 
control and more precise individualized treatment. 
However, some patients have been resistant to radio-
therapy, so the combination of new drugs may be more 
likely to improve the LCR and survival of patients. At 
present, multiple phase II studies have confirmed the 
efficacy and safety of immunization combined with 
radical chemoradiotherapy in the treatment of locally 
advanced esophageal cancer [45, 46]. Therefore, dose 
escalation of radical chemoradiotherapy, combination 
of new drugs, and exploration of prognostic markers 
will provide more precise treatment for patients with 
locally advanced ESCC.

Notably, our univariate analysis showed that age was 
one of the prognostic factors affecting ESCC patients, 
while multivariate results showed that gender was one 
of the independent factors for prognosis, and tumor 
length, clinical stage, and ECOG score were also 
generally associated with prognosis [47–49]. It may 
be that 42.6% of EPs died from chronic diseases and 
decreased physiological function contributed to our 
results showing a bias of prognostic factors.

Limitations
There were some limitations to our study. First, this 
was a small, single-center, prospective study with no 
separate radiotherapy control group. Second, in our 
study, patients received different doses of radiother-
apy, which may have led to some deviations in the 
survival and safety of patients, although there was no 
statistically significant difference in subgroup analy-
sis. In addition, we did not comprehensively assess 
the health status and quality of life after treatment in 
elderly patients, which may be a key factor in influenc-
ing whether patients can complete treatment, and can 
better assess the safety of IFI in combination with S-1.

Conclusion
In our study, the efficacy of IF-IMRT combined with 
S-1 in the treatment of EPs with ESCC aged 75 years 
or older was commendable. In EP with advanced ESCC 
CCRT with S1 is feasible with primising outcome 
and acceptable toxicity. Furthermore, we recommend 
a radiation dose of 50.4  Gy as the standard dose for 
CCRT.
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