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Abstract
Background: To investigate the survival bene�t of concurrent chemoradiotherapy for patients with locally
advanced esophageal squamous cell carcinoma during the years of intensity-modulated radiotherapy.

Methods: Medical records of 1273 patients with esophageal squamous cell carcinoma who received intensity-
modulated radiotherapy from January 2005 to December 2017 in the CAMS were retrospectively reviewed. 683
patients received concurrent chemoradiotherapy, 590 patients received radiotherapy alone. Propensity score
matching (PSM) method was used to eliminate baseline differences between the two groups. Survival and
toxicity pro�le were evaluated afterwards.

Results: After a median follow-up time of 50.4 months (3.2-157.4 months), both overall survival and
progression-free survival of the concurrent chemoradiotherapy group were better than those of the radiotherapy
group, either before or after PSM. After PSM, the 1-, 3-, 5-year OS of radiotherapy and concurrent
chemoradiotherapy groups were 63.3% vs 72.2%, 31.6% vs 42.2% and 28.5% vs 38.1%, respectively (p=0.003).
The 1-year, 3-year and 5-year PFS rates of radiotherapy and concurrent chemoradiotherapy group were 44.3%
vs 48.6%, 23.4% vs 31.2% and 15.8% vs 25.2%, respectively (p=0.002). The rates of ≥ grade 3 leukopenia and
radiation esophagitis in the concurrent chemoradiotherapy were higher than those in the radiotherapy alone
group (p<0.05). There was no signi�cant difference in the probability of radiation pneumonia between the two
groups (p=0.359). Multivariate logistic regression analysis showed ≥ 70 years old, female, KPS ≤ 70, stage I-II,
and patients diagnosed at earlier years (2005-2010) had lower probability of receiving concurrent
chemoradiation (p<0.05). Multivariate Cox analysis indicated that female, stage I-II, EQD2≥60Gy and
concurrent chemotherapy were favorable prognostic factors for both OS and PFS.

Conclusions: Concurrent chemotherapy can bring survival bene�ts to patients with locally advanced
esophageal squamous cell carcinoma receiving intensity-modulated radiotherapy. For patients who cannot
tolerate concurrent chemotherapy, radiation monotherapy is an effective alternative with promising results.   

Background
Esophageal cancer (EC) is a common malignancy with poor prognosis, and China is the country with the
largest number of new cases and deaths every year. According to a national epidemiological research
conducted in 2015[1], the numbers of new diagnosed cases and deaths of esophageal cancer in China have
reached 478,000 and 375,000, ranking third and fourth respectively among all malignant tumors. Unlike most
Western countries, the pathological type of esophageal cancer in China is still dominated by squamous cell
carcinoma (SCC), and patients with esophageal squamous cell carcinoma account for more than 90% of all EC
patients[2, 3].

Due to insu�cient promotion of annual endoscopy screening, a certain portion of patients in China present
with advanced disease at diagnosis and are not suitable for esophagectomy. For these patients, de�nitive
concurrent chemoradiotherapy (CCRT) has become the standard of care as recommended by most guidelines
since the RTOG 85 − 01 study[4–6]. However, in clinical practice, a considerable number of patients could not
tolerate concurrent chemoradiation for various reasons (i.e., advanced age, poor general condition, poor
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nutritional status, obvious weight loss, patient refusion, etc.). For this group of patients, the most commonly
used treatment is radiation monotherapy.

In the RTOG85-01 study, the 5-year survival rate of patients in the radiotherapy-only group was just 0, which
indicates that radiation monotherapy is very ineffective in treating locally advanced esophageal cancer.
According to the clinical experience and some contemporary large retrospective analysis results[7–9], however,
the survival outcome of patients receiving radiotherapy alone is much better than that of RTOG 85 − 01.
Besides, as a research started in the 1980s, RTOG 85 − 01 employed the conventional two-dimensional
radiotherapy (2DRT), whereas radiation techniques have been evolving rapidly in last few decades. The
emergence of three-dimensional conformal radiotherapy (3DCRT) and intensity-modulated radiotherapy (IMRT)
has greatly improved the conformality of dose distribution, making it possible to increase the dose of the
planning target volume without increasing the irradiation dose to adjacent normal tissues[10]. Many studies
have shown that advanced radiation techniques have reduced the incidence of side effects and improved the
local control of esophageal cancer patients[11]. Unfortunately, there are very limited reports on the survival and
prognosis of patients receiving radiation monotherapy using the aforementioned advanced radiation technique
(i.e., IMRT), let alone studies comparing the survival results of patients receiving radiotherapy alone with that of
patients receiving CCRT.

Therefore, we conducted this retrospective study to collect data of patients receiving IMRT alone and compare
with the survival of patients receiving CCRT in the same period, in the hope of providing a baseline reference of
treatment standard and prognosis for patients with advanced esophageal cancer.

Method

Patient eligibility
A total of 2,257 patients who did not receive surgery and received IMRT at the Cancer Hospital of the Chinese
Academy of Medical Sciences from 2005 to 2017 were included. Patients were excluded if they had: (1)
missing clinical data (n = 22); (2) missing follow-up data (n = 23) or < 3 months follow-up time (n = 67); (3)
distant visceral metastasis at initial diagnosis (n = 109); (4) prior active malignancies (other than curable non-
melanoma skin cancer or in situ cervical cancer) within 5 years (n = 109); (5) received sequential chemotherapy
(either before or after radiation monotherapy) (n = 124); (6) received concurrent molecular target drugs (n = 
131); (7) received palliative treatment (radiation dose < 40 Gy or palliative radiation �eld) (n = 54); (8)
histological types other than squamous cell carcinoma (e.g., adenocarcinoma, small cell carcinoma, and so on;
n = 55). After exclusions, 1273 patients stayed in the �nal analysis cohort (CCRT = 683, RT alone = 590) (Fig. 1).
Staging was determined based on the 6th edition (2002) of the American Joint Committee on Cancer TNM
staging. 

Treatment
All patients received computed tomography (CT) simulation and IMRT. The gross tumor volume (GTV-T) was
de�ned as the primary tumor. The GTV-T would be determined using all available resources (physical
examination, upper gastrointestinal contrast, endoscopy, EUS, contrast CT-thorax/abdomen, contrast MRI-
thorax/abdomen, PET-CT, etc.). The gross lymph nodes volume (GTV-N) were de�ned as any lymph node
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diagnosed as or highly-suspected as metastatic. The clinical target volume (CTV) comprised of a 0.5–0.8 cm
lateral margin and a 3.0 cm longitudinal margin around GTV, a 0.5 cm uniform margin around GTVnd, and
relevant lymphatic drainage areas. Planning target volume (PTV) was derived from CTV plus a uniform 0.5 cm
margin. The boost volume (PGTV) was created by expanding GTV-T by 1.0 cm craniocaudally and 0.5 cm
radially, and the GTV-N by a uniform 0.5 cm margin.

The median dose of CCRT and RT alone group was 59.92 Gy (range: 40.0–70.0 Gy) and 60.0 Gy (range: 40.0–
70.0 Gy), respectively. The prescription to PTV varies from 1.8 Gy/fraction to 2.2 Gy/fraction whereas the
prescription to PGTV varies from 2.0 Gy/fraction to 2.4 Gy/fraction (1 fraction per day, 5 fractions per week).
As the fractionation schemes have slight variations between patients, we converted the radiation dose of each
patient into equivalent dose in 2.0 Gy/fration (EQD2) in the �nal analysis.

All patients received CT simulation, and their image data were registered in the treatment planning system
(Pinnacle; Philips Medical Systems, Hanover, MA, USA).

It is required that at least 95% of the PTV received the prescribed dose. Dose volume histograms (DVH) was
adopted to assess the quality of the treatment plan and the exposure of organs at risk (OAR). The volume of
lung tissue receiving 20 Gy or more should not exceed 28% of the total lung volume (V20 lung < 28%). The
mean dose of lung tissue should be lower than 16 Gy (Dmean lung < 16Gy). Other dose constraints to OARs
include: V40 heart < 30%, V30 heart < 40%, V40 stomach < 40%, Dmax stomach < 55-60Gy, V40 small intestine < 
40%, Dmax small intestine < 55Gy, V30 liver < 30%, V20 kidney < 30% and Dmax spinal cord PRV < 45 Gy. Image-
guided radiotherapy (IGRT) was applied to all patients either by electronic portal imaging device (EPID) or cone
beam computed tomography (CBCT).

For patients receiving CCRT, the most commonly used concurrent chemotherapeutic regimen was the
combination of taxane and platinum-based compounds (n = 534, 78.2%), followed by the combination of
�uorouracil and platinum- based compounds (n = 62, 9.1%), and some patients also received single-agent
�uorouracil (n = 70, 10.2%) or platinum (n = 12, 1.8%) for concurrent chemotherapy.

The most common reasons for not receiving concurrent chemotherapy include: 1) obvious weight loss before
treatment, weak general condition, poor performance status; 2) elderly patients; 3) serious cardiopulmonary
complications or insu�cient hepatic or renal functions; 4) patients' or relatives' refusal.

Outcome measures
Acute and late toxicities were scored according to the Common Toxicity Criteria for Adverse Events, version
4.0[12]. In brief, patients were assessed every 3 months for the �rst 2 years after RT, every 6 months for the next
3 years, and then once annually. Assessments included barium esophagram; CT of neck, chest and upper
abdomen with contrast; ultrasonography of the neck and upper abdomen; and conventional blood and
biochemistry studies. Positron emission tomography-CT (PET-CT) and �ne-needle aspiration cytology were
performed if needed. Bone scan was performed in case of bone pain or abnormally elevated serum alkaline
phosphatase (ALP), and cranial MRI was performed if clinically indicated.

Overall Survival (OS) was measured as the interval between the beginning of RT to the date of death from any
cause or �nal follow-up. Progression-free survival (PFS) was de�ned as the interval between the end of RT and
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the date of �rst recurrence or death from any cause. Patients who had not experienced progression or death by
the last follow-up were administratively censored.

Statistical Analysis
Descriptive statistics, including frequencies and percentages for categorical variables, and mean and standard
deviation for quantitative variables, were computed to summarize patient characteristics for the entire cohort
and for each treatment group. Between-group comparisons to evaluate imbalances in covariates were
conducted using t-tests and Chi-square test for quantitative and categorical variables respectively. The
incidence of toxicities was compared by Chi-square test and Fisher’s exact test.

OS time and PFS time were estimated for RT alone and CCRT group using Kaplan- Meier (KM) plots both before
and after PSM. Log-rank test was carried out to compare event time distributions between two groups. A Cox
regression model was used to perform multivariate analyses of the effect of covariates on OS and PFS after
PSM. The results of the Cox models were expressed as hazard ratios (HRs) along with the 95% CI estimates.
Multivariable logistic regression models were used to identify factors associated with undergoing concurrent
chemotherapy. The results of these logistic regression analyses were expressed as adjusted odds ratios (ORs)
along with the corresponding 95% con�dence intervals (95% CIs).

To adjust unbalanced covariates, PSM[13] method was used. The propensity score for each patient was
estimated with a logit model that included the following variables: age, sex, KPS, TNM stage, tumor location,
radiation dose and the year of diagnosis. Exact matching method was performed on TNM stage and sex
whereas nearest matching method was adopted for the remaining variables. Setting caliper = 0.10, matching
ratio = 1:1, two comparable groups of patients were created with 294 patients in each group. The signi�cance
level was set as p-value less than 0.05. All computations were conducted in R 2.13.0.

Results

Patient and treatment characteristics
A total of 1273 patients were involved in this study, including 590 patients in the CCRT group and 683 patients
in the RT alone group. The patient, tumor, and treatment characteristics were summarized in Table 1.
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Table 1
Patient, tumor and treatment characteristics before and after PSM

Variables     Before Matching After Matching

  Overall   RT alone CCRT   RT alone CCRT  

  n = 
1273

% n = 
590

% n = 
683

% p n = 
294

% n = 
294

% p

Age 63 (29–89) 70 (40–89) 59 (33–81) 0.001 61 (40–69) 61 (33–69) 1.000

< 70y 888 69.8 259 43.9 629 92.1   243 82.7 243 82.7  

≥ 70y 385 30.2 331 56.1 54 7.9   51 17.3 51 17.3  

Sex             0.001         1.000

male 1041 81.8 451 76.4 590 86.4   241 82.0 241 82.0  

female 232 18.2 139 23.6 93 13.6   53 18.0 53 18.0  

KPS             0.001         0.666

≤ 70 122 9.6 95 16.1 27 4.0   28 9.5 25 8.5  

> 70 1151 90.4 475 83.9 656 96.0   266 90.5 269 91.5  

Tumor
location

            0.271         0.862

cervical 52 3.7 21 3.7 21 3.5   10 3.8 12 4.6  

upper 415 29.5 158 27.6 193 32.4   83 31.7 84 32.1  

middle 689 49.0 296 51.7 277 46.6   131 50.0 123 46.9  

lower 250 17.8 97 17.0 104 17.5   38 14.5 43 16.4  

T stage             0.202         0.841

T1 42 3.3 23 3.9 19 2.8   10 3.4 7 2.4  

T2 112 8.8 57 9.7 55 8.1   29 9.9 31 10.5  

T3 575 45.2 274 46.4 301 44.1   127 43.2 133 45.2  

T4 542 42.6 236 40.0 306 44.8   128 43.5 123 41.8  

TX 2 0.2 0 0.0 2 0.3   0 0.0 0 0.0  

N stage             0.001         0.122

N0 181 14.2 124 21.0 57 8.3   43 14.6 28 9.5  

N1 1088 85.5 464 78.6 624 91.4   249 84.7 265 90.1  

NX 4 0.3 2 0.3 2 0.3   2 0.7 1 0.3  

PSM: propensity score matching; RT: radiotherapy; CCRT: concurrent chemoradiotherapy; KPS: Karnofsky
performance score; EQD2: equivalent dose in 2 Gy/fraction
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Variables     Before Matching After Matching

M stage             0.001         0.993

M0 957 75.2 490 83.1 467 68.4   230 78.2 229 77.9  

M1a 120 9.4 35 5.9 85 12.4   20 6.8 20 6.8  

M1b 196 15.4 65 11.0 131 19.2   44 15.0 45 15.3  

TNM
stage
(6th )

            0.001         1.000

I-II 184 14.5 118 20.0 66 9.7   41 13.9 41 13.9  

III 772 60.6 371 62.9 401 58.7   188 63.9 188 63.9  

IV 317 24.9 101 17.1 216 31.6   65 22.1 65 22.1  

Year of
diagnosis

            0.001         0.778

2005–
2010

283 22.2 174 29.5 109 16.0   75 25.5 78 26.5  

2011–
2017

990 77.8 416 60.5 574 84.0   219 74.5 216 73.5  

EQD2       0.251     0.224

< 60 Gy 330 25.9 144 24.4 186 27.2   71 24.1 84 28.6  

≥ 60 Gy 943 74.1 446 75.6 497 72.8   223 75.9 210 71.4  

PSM: propensity score matching; RT: radiotherapy; CCRT: concurrent chemoradiotherapy; KPS: Karnofsky
performance score; EQD2: equivalent dose in 2 Gy/fraction

Patients in CCRT group were more likely to be younger (59 years old [median age] for CCRT vs 70 years old
[median age] for RT alone, p < 0.001), male (86.4% for CCRT vs 76.4% for RT alone, p < 0.001), to have better
performance status (4.0% KPS ≤ 70 for CCRT vs 16.1% for RT alone, p < 0.001), to have more N + stage (91.4%
vs 78.6%, p < 0.001), M + stage (M + 31.6% vs 16.9%, p < 0.001) and advanced TNM stage (stage III-IV 90.3% vs
80.0%, p < 0.001) and to be diagnosed at more recent times (2011–2017 84.0% vs 60.5%, p < 0.001).

The propensity score–matched cohort included 294 patients in the CCRT group and 294 patients in the RT
alone group, and all the selected covariates were well-balanced between the two matched groups (see Table 1).

Survival Results
The median follow-up time of the whole cohort of surviving patients was 50.4 months (3.2 ~ 157.4 months), of
which 49.8 months (3.2 ~ 149.8 months) in the CCRT group and 52.1 months (4.7 ~ 157.4 months) in the RT
alone. Median OS time of the entire cohort was 20.9 months (95% CI: 19.3–22.5 months), and the median PFS
time was 11.5 months (95% CI 10.3–12.8 months). For patients receiving RT alone, the 1-year, 3-year, and 5-
year OS rates before PSM were 65.3%, 32.6%, and 24.8%, respectively. The 1-year, 3-year, and 5-year PFS rates
were 46.4%, 22.9% and 15.9%, respectively.
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The addition of concurrent chemotherapy has further improved both OS and PFS. Figure 2 presents the survival
curves comparing RT alone with CCRT both before and after PSM. Compared with the RT alone group, the
CCRT group had better OS and PFS rates whether before or after PSM (before-match OS: log-rank p < 0.001
[Fig. 2A]; after-match OS: log-rank p = 0.003 [Fig. 2B]; before-match PFS: log-rank p = 0.003 [Fig. 2C]; after-match
PFS: log-rank p = 0.02 [Fig. 2D];). 

Among the 294 matched pairs in the PSM sample, the adjusted median OS was longer in the CCRT group (24.2
months; 95% CI, 18.9–29.5 months) compared with the RT alone group (17.7 months; 95% CI, 14.8–
20.5 months). The adjusted median PFS was also longer in the CCRT group (11.4 months; 95% CI, 8.4–
14.4 months) compared with the RT alone group (8.7 months; 95% CI, 6.3–11.0 months). In the after-matched
cohort, the 1-year, 3-year and 5-year OS rates of RT alone and CCRT group were 63.3% vs 72.2%, 31.6% vs
42.2% and 28.5% vs 38.1%, respectively. As for PFS rates, the 1-year, 3-year and 5-year PFS rates of RT alone
and CCRT group were 44.3% vs 48.6%, 23.4% vs 31.2% and 15.8% vs 25.2%, respectively.

Subgroup Analysis
To further explore the potential bene�ciaries of concurrent chemotherapy, we conducted several subgroup
analyses of OS in the PSM sample. Results showed that male (p = 0.004), age < 70 years (p = 0.001), stage III-IV
(p = 0.004), EQD2 ≥ 60 Gy (p = 0.004), and patients diagnosed between 2011–2017 (p = 0.006) could bene�t
from concurrent chemoradiotherapy. The subgroup analysis of age and radiation dose is shown in Fig. 3.
Among the 588 paired patients, the vast majority were non-elderly patients (n = 486), and most patients
received high-dose radiotherapy (n = 433). Among 102 elderly patients (aged over 70 years) in the matched
sample, CCRT did not show survival bene�t over RT alone (p = 0.8). In non-elderly patients, the OS rate of the
CCRT group was better than that of the RT alone group (p < 0.001). Among 155 patients receiving low-dose
radiotherapy (EQD2 < 60 Gy) in the matched sample, CCRT did not show survival bene�t over RT alone (p = 
0.12). In high-dose group, the OS rate of the CCRT group was better than that of the RT alone group (p = 0.004).

 

Multivariate Analyses in after-PSM Cohort
The multivariate Cox regression analysis for OS and PFS after PSM is summarized in Table 2. Factors that
related to promising survival included female (OS: HR = 0.61, 95% CI: 0.46–0.81, p = 0.001; PFS: HR = 0.66, 95%
CI: 0.51–0.86, p = 0.002), concurrent chemotherapy (OS: HR = 0.68, 95% CI: 0.56–0.83, p < 0.001; PFS: HR = 
0.78, 95% CI: 0.64–0.93, p = 0.007) and EQD2 ≥ 60 Gy (OS: HR = 0.64, 95% CI: 0.51–0.80, p < 0.001; PFS: HR = 
0.68, 95% CI: 0.55–0.83, p < 0.001). Factors that related to inferior survival was advanced TNM stage. Survival
did not differ by age (< 70y vs ≥ 70y), KPS, tumor location or year of diagnosis.
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Table 2
Results of multivariate Cox analysis for PFS and OS in the after-PSM cohort

Variables PFS OS

  HR (95%CI) p HR (95%CI) p

Age   0.208   0.653

< 70y - - - -

≥ 70y 0.85 (0.66–1.10) - 0.94 (0.72–1.23)  

Sex   0.002   0.001

Male - - - -

Female 0.66 (0.51–0.86) - 0.61 (0.46–0.81) -

KPS   0.402   0.350

≤ 70 - - - -

> 70 0.88 (0.64–1.19) - 0.86 (0.62–1.19) -

Tumor location   0.638   0.538

Cervical - - - -

Upper 0.94 (0.54–1.64) 0.834 0.96 (0.54–1.71) 0.902

Middle 0.85 (0.49–1.48) 0.561 0.87 (0.49–1.54) 0.626

Lower 0.98 (0.55–1.75) 0.945 1.05 (0.58–1.92) 0.868

TNM Stage (6th )   < 0.001   < 0.001

I-II - - - -

III 1.92 (1.40–2.63) < 0.001 1.96 (1.38–2.79) < 0.001

IV 2.77 (1.95–3.94) < 0.001 2.78 (1.90–4.37) < 0.001

Y of diagnosis   -   0.417

2005–2010 - - - -

2011–2016 1.10 (0.87–1.39) 0.040 1.10 (0.87–1.39) -

EQD2   < 0.001   < 0.001

<60Gy - - - -

≥ 60 Gy 0.68 (0.55–0.83) - 0.64 (0.51–0.80) -

Concurrent Chemotherapy 0.78 (0.64–0.93) 0.007 0.68 (0.56–0.83) < 0.001

PFS = progression-free survival; OS = overall survival; PSM: propensity score matching; HR = hazard ratio;
95% CI = 95% con�dence interval; EQD2 = equivalent dose in 2 Gy per fractions

Toxicities
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We further compared the pro�le of treatment-related toxicities between RT alone and CCRT group in the
matched cohort. As shown in Table 3, the incidences of ≥ grade 2 anemia, thrombocytopenia, ≥ grade 2/3
leukopenia and radiation esophagitis in the CCRT group were signi�cantly higher than those in the RT alone
group (all of which p < 0.05). The most common Grade 3–4 toxicities were leucopenia (13.7%) and radiation
esophagitis (11.3%) in the CCRT group, while the most common Grade 3–4 toxicity in the RT alone group was
radiation esophagitis (5.0%). There were six and three cases of treatment-related deaths in the CCRT and RT
alone group respectively, all of which were attributed to Grade 5 radiation pneumonitis. No signi�cant
difference was seen in the incidences of radiation pneumonitis between the two groups (p = 0.36).

Table 3
Treatment-related toxicities of RT alone and CCRT groups in the after-PSM cohort

Toxicities RT alone CCRT p

Grade1-2 Grade3-4 Grade5 Grade1-2 Grade3-4 Grade 5  

Anemia 15.4% 0.3% 0.0% 21.9% 1.4% 0.0% 0.040

≥ Grade 2 2.7% 6.5% 0.031

≥ Grade 3 0.3% 1.4% 0.216

Leukopenia 44.7% 1.0% 0.0% 67.5% 13.7% 0.0% 0.000

≥ Grade 2 13.7% 53.8% 0.000

≥ Grade 3 1.0% 13.7% 0.000

Thrombocytopenia 8.5% 0.7% 0.0% 23.0% 2.4% 0.0% 0.000

≥ Grade 2 3.4% 10.3% 0.001

≥ Grade 3 0.7% 2.4% 0.106

Esophagitis 69.8% 5.0% 0.0% 74.2% 11.3% 0.0% 0.000

≥ Grade 2 39.3% 55.0% 0.000

≥ Grade 3 7.7% 13.4% 0.030

Skin Reaction 50.2% 2.2% 0.0% 63.5% 2.4% 0.0% 0.007

≥ Grade 2 14.7% 20.6% 0.071

≥ Grade 3 2.2% 2.5% 0.830

Pneumonitis 1.8% 0.7% 1.1% 3.6% 1.4% 2.1% 0.359

≥ Grade 2 2.2% 4.7% 0.106

≥ Grade 3 1.8% 3.6% 0.195

RT: radiotherapy; CCRT: concurrent chemoradiotherapy; PSM: propensity score matching

Factors Associated with Receipt of Concurrent Chemotherapy
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Factors found to be signi�cantly associated with undergoing concurrent chemotherapy were assessed using a
multivariable logistic regression analysis that included all previously mentioned covariates as shown in
Table 4. Results showed that factors affecting patients receiving CCRT include age (p < 0.001), sex (p = 0.02),
KPS (p < 0.001), TNM stage (p < 0.001), and year of diagnosis (p < 0.001).Female patients, patients aged ≥ 70
years, patients with a KPS ≤ 80, patients with stage I or II disease, and those diagnosed at earlier times (2005–
2010) were found to be less likely to receive concurrent chemotherapy. Tumor location (p = 0.502) and radiation
dose (p = 0.183) did not show a signi�cant correlation with the receipt of concurrent chemotherapy.
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Table 4
Multivariable Logistic Regression Analysis of Factors Associated with Receipt of Concurrent Chemotherapy
Variables CCRT rate OR (95%CI) p

Age     < 0.001

<70y 75.1% - -

≥ 70y 60.3% 0.075 (0.054–0.105) -

Sex     0.022

Male 69.7% - -

Female 58.0% 0.660 (0.462–0.941) -

KPS     < 0.001

≤ 70 37.9% - -

> 70 69.9% 3.537 (2.110–5.931) -

Tumor location     0.502

Cervical 65.7% - -

Upper 67.9% 1.044 (0.488–2.233) 0.912

Middle 66.2% 0.851 (0.400-1.808) 0.674

Lower 73.6% 1.074 (0.479–2.408) 0.862

TNM Stage (6th )     < 0.001

I-II 60.2% - -

III 65.8% 1.582 (1.059–2.363) 0.025

IV 75.1% 2.684 (1.693–4.257) < 0.001

Y of diagnosis     < 0.001

2005–2010 52.8% - -

2011–2017 72.0% 2.773 (2.006–3.834) < 0.001

EQD2     0.183

< 60Gy 67.7%   -

≥ 60 Gy 67.9% 0.807 (0.589–1.106) -

CCRT: concurrent chemoradiotherapy; OR = odds ratio; 95% CI = 95% con�dence interval; KPS: Karnofsky
performance score; EQD2: equivalent dose in 2 Gy/fraction

Discussion
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Our research con�rms the e�cacy of concurrent chemotherapy in treating patients with locally advanced ESCC
by combining with IMRT. According to the matched results, the 5-year OS of the CCRT group was as high as
38.1%, and the concurrent chemotherapy increased the 1-year, 3-year, and 5-year OS rates of RT alone group by
8.9%, 10.6%, and 9.6%, and the 1-year, 3-year, and 5-year PFS rates by 4.3%, 7.8%, and 9.4%, respectively.
Although the incidence of toxicities also increased accordingly, the general incidence of Grade 3–4 toxicities in
the CCRT group was still within the acceptable range (the most common Grade 3–4 side effects is leukopenia,
the incidence of which is 13.7%). Besides, CCRT did not increase the incidence of radiation-related pneumonitis
or treatment-related mortality, indicating that for patients with locally advanced ESCC, de�nitive IMRT
concurrent with chemotherapy are safe and tolerable.

In the subgroup analysis, for elderly patients (aged 70 years or older), CCRT did not show a signi�cant survival
advantage over RT alone. This result is consistent with some recently published retrospective analyses of
elderly patients[14]. This can be related to the poor tolerance of elderly patients for CCRT. One should note that
there is still lack of consensus on the optimal treatment option for elderly patients with esophageal cancer, and
corresponding prospective randomized studies are needed to further explore the role of concurrent
chemotherapy in elderly patients, as well as the best concurrent chemotherapy regimen and other issues.

Although since the publication of RTOG 94 − 05[15] study, 50.4 Gy became the recommended radiation dose for
EC patients receiving non-surgical treatment, physicians of our center are still more accustomed to applying
higher dose prescriptions. Besides, in our multivariate Cox analysis after PSM, higher radiation dose (EQD2 ≥ 
60Gy) was found to be an independent protective prognostic factor for both OS and PFS. RTOG 94 − 05 is a
research conducted in the era of 2DRT. In recent years, the emergence of more advanced radiation techniques
(3DCRT, IMRT, etc.) has made it possible to increase the dose of target volumes while reducing the exposure of
adjacent normal tissues[10, 11]. Numerous recently-published retrospective analysis studies[16, 17] and meta-
analysis[18] also showed that patients with ESCC may bene�t from high-dose radiotherapy. At present, a series
of prospective clinical trials[19–22] applying simultaneous integrated boost-IMRT are in progress. Their results
con�rmed the safety and feasibility of high-dose IMRT concurrent with chemotherapy in patients with ECE, and
satisfactory local control and OS has been achieved.

It is true that the proportion of patients receiving concurrent chemotherapy in this study is relatively low when
compared with most contemporaneous large-scale real-world reports in developed countries[23]. Multivariate
logistic regression analysis showed that the factors affecting the rate of concurrent chemotherapy were age,
gender, TNM stage and year of diagnosis. In addition, we believe that this phenomenon is also related to the
advanced TNM stage, large tumor burden, poor general condition, and poor economic status of patients treated
in our center. However, our research also con�rmed that relatively satisfactory survival rates could be achieved
even with IMRT monotherapy for patients with locally advanced ESCC. In the pre-matched original sample, a
total of 590 patients received IMRT monotherapy as the radical treatment, of which over 80% had stage III-IV
disease. For patients with such advanced disease at initial diagnosis, RT alone still resulted in 1-year, 3-year
and 5-year OS rates of 65.3%, 32.6%, and 24.8%, indicating its e�cacy in treating patients with advanced ESCC.
Our results are consistent with other recently published researches [24, 25], and show a much better survival
than that with patients treated by 2DRT[7]. All these results suggest that for patients with locally advanced
ESCC who cannot receive CCRT, radiation monotherapy can be an effective and safe alternative with promising
survival results.
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There were several limitations associated with this study. First of all, this is a retrospective analysis. However,
we mimicked randomization through propensity score matching, which eliminated potential bias by creating
two comparable groups. Secondly, this was a single- institution study. However, the large sample size enhanced
the reliability of the results.

Conclusions
This study con�rmed the safety and e�cacy of concurrent chemotherapy in patients with locally advanced
ESCC receiving non-surgical treatment in the era of IMRT. For some patients who cannot receive or tolerate
concurrent chemotherapy for various reasons, IMRT alone could bring promising survival results as an
alternative option.
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Figures

Figure 1

CONSORT diagram showing patient selection. RT: radiotherapy; CCRT: concurrent chemoradiotherapy; PSM,
propensity score matching.
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Figure 1

CONSORT diagram showing patient selection. RT: radiotherapy; CCRT: concurrent chemoradiotherapy; PSM,
propensity score matching.
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Figure 2

OS and PFS of patients receiving RT and CCRT both before and after PSM. Kaplan–Meier (KM) estimates of
(A) OS before PSM, with 95% CIs. (B) OS after PSM, with 95% CIs. (C) PFS before PSM, with 95% CIs. (D) PFS
after PSM, with 95% CIs. Blue curve represents survival in the RT alone group; red curve, survival in the CCRT
group.
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Figure 2

OS and PFS of patients receiving RT and CCRT both before and after PSM. Kaplan–Meier (KM) estimates of
(A) OS before PSM, with 95% CIs. (B) OS after PSM, with 95% CIs. (C) PFS before PSM, with 95% CIs. (D) PFS
after PSM, with 95% CIs. Blue curve represents survival in the RT alone group; red curve, survival in the CCRT
group.
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Figure 3

Subgroup analysis of patients receiving RT and CCRT in the after-PSM sample. Kaplan–Meier (KM) estimates
of OS of (A) Elderly patients (≥70 years old). (B) Non-elderly patients (<70 years old). (C) Low-dose radiation
group (EQD2 < 60Gy) and (D) High-dose radiation group (EQD2 ≥ 60Gy). Blue curve represents survival in the
RT alone group; red curve, survival in the CCRT group.
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Figure 3

Subgroup analysis of patients receiving RT and CCRT in the after-PSM sample. Kaplan–Meier (KM) estimates
of OS of (A) Elderly patients (≥70 years old). (B) Non-elderly patients (<70 years old). (C) Low-dose radiation
group (EQD2 < 60Gy) and (D) High-dose radiation group (EQD2 ≥ 60Gy). Blue curve represents survival in the
RT alone group; red curve, survival in the CCRT group.


