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Objectives: To investigate the health-related quality of life (HRQL) of long-term survivors of inoperable esophageal 

squamous cell carcinoma (ESCC) treated with definitive radiation therapy, the real-world trends in the use of 

advanced radiation techniques, and their impact on the survival outcomes of ESCC patients. 

Methods: In this multicenter retrospective observational study, the medical records related to demographics and 

treatment of ESCC patients who were treated with definitive radiation therapy at 14 provincial hospitals in China 

from 1 January 2015 to 31 December 2016 were analyzed. A HRQL questionnaire was completed by survivors 

and collected by doctors at the final follow-up. The difference in quality of life between patients with or without 

recurrence was compared using the Wilcoxon–Mann–Whitney test. Overall survival (OS) was estimated using the 

Kaplan–Meier method and the group differences were assessed by unstratified log-rank test. The Cox proportional 

hazards model with Efron’s method of tie handling was used to calculate the risk factors for OS. 

Results: The data of a total of 3,308 patients were collected for this study, 248 were excluded because of missing 

data, and a final of 3,060 patients were included in the analysis. Most patients (2,901; 94.8%) received intensity- 
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. Introduction 

According to data from the Cancer Registry of the National Can-

er Center of China, esophageal cancer has the sixth highest incidence

nd fifth highest mortality rate among all malignant tumors. 1 In China,

sophageal squamous cell cancer (ESCC) are the most common histolog-

cal type, accounting for more than 90% of esophageal cancer patients. 2 

part from surgery, the benefit of radiation therapy, administered either

reoperatively or definitively, has been established in several random-

zed trials. 3–5 

According to a survey on the basic information of personnel and fa-

ilities of radiotherapy in Chinese mainland in 2019, esophageal cancer

atients rank second following lung cancer among all patients treated

ith radiation therapy. 6 However, due to the imbalance of economic

evelopment, there are regional differences in the distribution of de-

artments of radiation oncology, as well as linear accelerators. Approx-

mately 40% of cancer patients who should have been treated with ra-

iation therapy did not receive this treatment. 6 

With the development of chemoimmunotherapy drugs and radi-

tion techniques, such as intensity-modulated radiotherapy (IMRT),

olumetric-modulated arc therapy (VMAT), tomotherapy (TOMO), and

roton beam therapy (PBT), the survival rate of patients with ESCC

as been improved from 8 − 15% to 20 − 40% since the 1980s. 5 , 7–10 

ompared with surgery, definitive radiation therapy is inferior in sur-

ival outcome but superior in health-related quality of life (HRQL)

easures, although the definitive radiation therapy group has more

ases with poorer prognostic factors, such as more advanced clini-

al stages, older ages, or more comorbidities. Nevertheless, treatment-

elated comorbidities of definitive chemoradiotherapy (dCRT), includ-

ng esophageal stenosis, radiation pneumonitis, and cardiopulmonary

oxicities, etc., 11–13 may likely occur in long-term survivors, resulting in

 decrease in the physical quality of life. In addition, some researchers

eported that socio-demographic factors such as age, socioeconomic sta-

us, and cancer-related treatment are associated with depression and

nxiety in breast cancer patients, 14 , 15 and may affect psychophysiolog-

cal functions and further interfere with one’s ability to cope effectively

ith cancer. 16 However, the HRQL in terms of physical well-being, fam-

ly support, and psychophysiological status of inoperable Chinese ESCC

atients with long-term survival for whom radiation has been effective

s unknown. Furthermore, real-world survey data are also lacking for the

se of allopatric treatment, frequency of reexamination, and the cover-

ge of medical insurance for patients with ESCC in a large sample size

n China. 

The primary objective of this study was to investigate the real-world

RQL of survivors with inoperable ESCC at 14 provincial hospitals in

hina treated with definitive radiation therapy between 2015 and 2016.

he secondary objectives were to investigate the overall survival (OS),

se of advanced radiation techniques, treatment type, local or allopatric

reatment, frequency and location of patient reexamination, as well as

he sources of medical expenses of ESCC patients in that period. 
151 
volumetric-modulated arc therapy (VMAT)/tomotherapy (TOMO). The 5-year

eceived either two-dimensional radiotherapy (2DRT; HR, 2.43 [95% CI, 1.70–

sional radiotherapy (3DRT; HR, 1.45 [95% CI, 1.14–1.84]; P = 0.003) had a

th compared to those who received IMRT/VMAT/TOMO. Of the 716 (23.4%)

ted the HRQL questionnaire, nearly 70% patients were still able to swallow

 > 80% patients did not experience weight loss. Nearly 80% patients found life

ying life. 

er retrospective study on ESCC patients who received definitive radiation ther-

vors are satisfied with their quality of life. Most patients received advanced

ho received either 2DRT or 3DRT had a significantly increased risk of death

advanced radiation technology. 

. Materials and methods 

.1. Study population 

In this retrospective observational study, the medical records related

o demographics and treatment of patients with inoperable ESCC at 14

rovincial hospitals in China treated with definitive radiation therapy

etween 2015 and 2016 were investigated, with a HRQL questionnaire

or survivors. 

Patients who met the following inclusion criteria were included in

he survey: (1) received definitive radiotherapy (dRT) alone or dCRT

ith or without induction chemotherapy (IC); (2) without surgery due

o unresectable disease or contraindication of operation or refusal of

urgical treatment; (3) pathologically or cytologically confirmed ESCC;

4) clinical staging at any T, any N, M0–1 (American Joint Committee

n Cancer, version 8, M1 limited to supraclavicular lymph node metas-

asis); and (5) radiation dose to primary tumor ≥ 50 Gy ( Fig. 1 ). Pa-

ients with histological types other than ESCC, distant lymph node or

rgan metastasis and radiation dose < 50 Gy, or who underwent neoad-

uvant or postoperative radiation therapy were not included in data

ollection. 

.2. Data collection 

The data of patients with ESCC who received definitive radiation

herapy in 14 provincial hospitals in China from 1 January 2015

o 31 December 2016 was collected ( Fig. 2 ). Baseline information

f patients was obtained through electronic forms at all participat-

ng centers using the same template consisted of patient character-

stics (age, sex, and clinical stage), treatment type (dRT, dCRT or

C followed by dRT/dCRT [IC + dRT/dCRT]), radiation techniques

two-dimensional radiotherapy [2DRT], three-dimensional radiother-

py [3DRT], or IMRT/VMAT/TOMO), and received allopatric medical

reatment across or within provinces or municipality. The questionnaire

as completed by survivors and collected by doctors through phone

alls or a WeChat mini program at the final follow-up from June 2021

nd December 2021. Two parts comprised the questionnaire. The first

art consisted of frequency and location of follow-up, the sources of

edical expenses, and use of Traditional Chinese Medicine therapy or

ot. The second part was an HRQL questionnaire including physical

ell-being, family support, emotional and functional status, as well as

wallowing and eating ability, according to the Assessment of Cancer

herapy-General (FACT-G) and the Functional Assessment of Cancer

herapy-Esophageal (FACT-E). 17 , 18 Because of the complexity of the

uestionnaire, a representative physician from each participating center

oted for 15 most concerned issues to constitute the HRQL survey items.

 five-point Likert-type scale from 0 (not at all) to 4 (very much) was

sed for the HRQL at the final follow-up, and a higher score indicated

etter quality of life. 
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Fig. 1. CONSORT diagram of patient selection. HRQL, health-related quality of 

life. 

Fig. 2. Proportion of patients in each participating centers. 
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Table 1 

Baseline characteristics of patients included in the study (n = 3,060). 

Characteristics Number of patients 

Age, median (IQR), years 67.0 (61.0, 74.0) 

Age group, No. (%), years 

< 50 133 (4.3) 

50–59 495 (16.2) 

60–69 1,238 (40.5) 

70–79 928 (30.3) 

≥ 80 266 (8.7) 

Sex, No. (%) 

Male 2,080 (68.0) 

Female 980 (32.0) 

Stage, No. (%) 

I 86 (2.8) 

II 1,004 (32.8) 

III 1,234 (40.3) 

IVa 366 (12.0) 

IVb 370 (12.1) 

Treatment type, No. (%) 

dRT 909 (29.7) 

IC-dRT/dCRT 539 (17.6) 

dCRT 1,612 (52.7) 

Radiation technique, No. (%) 

IMRT/VMAT/TOMO 2,901 (94.8) 

3D 113 (3.7) 

2D 46 (1.5) 

Abbreviations: 2D, two-dimensional radiotherapy; 3D, three-dimensional ra- 

diotherapy; dCRT, definitive chemoradiotherapy; dRT, radiotherapy alone; IC, 

induction chemotherapy; IMRT, intensity-modulated radiotherapy; IQR, in- 

terquartile ratio; TOMO, tomotherapy; VMAT, volumetric-modulated arc ther- 

apy. 
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.3. Statistical analysis 

Quality of life was described using frequency and percentage. The

ifference in quality of life between patients with recurrence and those

ithout recurrence was compared using the Wilcoxon–Mann–Whitney

est. 

The OS was defined as the time interval between the start of radio-

herapy or IC and death of any cause. Data for patients who were alive

r lost to follow-up were censored for OS at the time they were last

nown to be alive. OS was estimated using the Kaplan–Meier method,

nd 95% confidence intervals(CIs) for the median were calculated using

he Brookmeyer–Crowley method. The 5-year survival duration was es-

imated using the Kaplan–Meier method. Duration of follow-up was esti-

ated using the reverse Kaplan–Meier method. An unstratified log-rank

est was used to assess the group differences in OS and calculate the P

alue. Investigated factors included sex, age, stage, treatment type, and
152 
adiation technique. The Cox proportional hazards model with Efron’s

ethod of tie handling was used to calculate hazard ratios (HRs) and

orresponding 95% CIs for OS. Factors that achieved significance at

 < 0.05 were entered into the multivariable analyses via the Cox regres-

ion model to identify the predictive factors of OS. All statistical analyses

ere performed using the R software, version 4.1.2 (R Foundation). 

. Results 

.1. Patient characteristics 

Of the 3,308 patients, 248 patients were excluded from the study

ecause of missing data. Finally, a total of 3,060 patients were included

n the analysis (median age 67 years [interquartile range, 61.0–74.0];

8.1% male; male-to-female ratio, 2.1:1). Table 1 showed the charac-

eristics of patients enrolled in the analysis. Of the total patients en-

olled, 39% were older than 70 years. Most patients (1,970; 64.4%) had

tage III-IV ESCC at the initial diagnosis. DRT was performed in 909 pa-

ients (29.7%), and the remaining patients received a combination with

hemotherapy, including dCRT (1,612; 52.7%) or IC + dRT/dCRT (539;

7.6%). Most patients (2,901; 94.8%) received IMRT/VMAT/TOMO. No

atients received immunotherapy. In total, 15.4% (472 patients) re-

eived allopatric medical treatment across provinces or municipality,

hile the rest received medical treatment within provinces or munici-

ality. 

Among the 3,060 patients, a total of 716 (23.4%) survivors com-

leted the questionnaire. Among them, 63.8% (457) were followed up

very three to six months within two years after the end of treatment,

4.5% were followed up every 6 months within 3–5 years, and 24.4%

ere followed up every one year after five years. As for the follow-up

ocation, 31.8% (228) patients returned to the original treatment hos-

ital, 13.5% (97) visited a hospital near their place of residence, and

8.3% (346) chose both. In terms of the source of medical expenses,

4.7% (678) of patients used medical insurance expenditure (including

edical plus commercial insurance), and 5.3% (38) paid for the medical

xpenditure themselves. Three (0.4%) patients were interrupted during
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Table 2 

Results of health-related quality of life questionnaire reported by survivors (n = 716). 

Issue No. a Item 

Not at all, 

No. (%) 

A little bit, 

No. (%) 

Somewhat, 

No. (%) 

Quite a bit, 

No. (%) 

Very much, 

No. (%) 

Physical well-being 1 I have a lack of energy. 516 (72.1) 140 (19.6) 29 (4.1) 12 (1.7) 19 (2.7) 

2 I have pain. 593 (82.8) 95 (13.3) 17 (2.4) 6 (0.8) 5 (0.7) 

3 I am bothered by the side effects of treatment. 499 (69.7) 155 (21.6) 42 (5.9) 15 (2.1) 5 (0.7) 

Family well-being 4 I get emotional support from my family. 4 (0.6) 41 (5.7) 52 (7.3) 180 (25.1) 439 (61.3) 

5 My family has accepted my illness. 2 (0.3) 5 (0.7) 74 (10.3) 194 (27.1) 441 (61.6) 

6 Family communication about my illness is poor. 3 (0.4) 8 (1.1) 64 (8.9) 211 (29.5) 430 (60.1) 

Emotional well-being 7 I am losing hope in the fight against my illness. 555 (77.5) 113 (15.8) 33 (4.6) 7 (1.0) 8 (1.1) 

8 I feel nervous. 460 (64.2) 203 (28.4) 42 (5.9) 10 (1.4) 1 (0.1) 

9 I worry about dying. 382 (53.4) 255 (35.6) 54 (7.5) 22 (3.1) 3 (0.4) 

Functional well-being 10 I have been able to work (including housework). 50 (7.0) 110 (15.4) 158 (22.1) 228 (31.8) 170 (23.7) 

11 I am able to enjoy life “in the moment ”. 12 (1.7) 45 (6.3) 94 (13.1) 248 (34.6) 317 (44.3) 

12 I am content with the quality of my life right now. 17 (2.4) 40 (5.6) 111 (15.5) 263 (36.7) 285 (39.8) 

Swallowing and eating 13 I am able to eat the foods that I like. 13 (1.8) 41 (5.7) 176 (24.6) 260 (36.3) 226 (31.6) 

14 I can swallow naturally and easily. 26 (3.6) 53 (7.4) 143 (20.0) 223 (31.1) 271 (37.8) 

15 I am losing weight. 581 (81.1) 100 (14.0) 22 (3.1) 8 (1.1) 5 (0.7) 

a Items 1–12 were derived from Functional Assessment of Cancer Therapy-General (FACT-G). Items 13–15 were derived from Functional Assessment of Cancer 

Therapy-Esophageal (FACT-E). 
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nticancer treatment due to economics. We also found that 20.7% (148)

atients received traditional Chinese medicine during anticancer treat-

ent. 

.2. Quality of life 

Table 2 showed the results of 716 patients who completed the HRQL

uestionnaire. In terms of physical condition, at the time of the ques-

ionnaire completed by survivors, 72.1% and 82.8% of survivors did

ot feel insufficient energy or have pain at all in the previous week, and

9.7% were not bothered by the side effects of treatment at all. 

Regarding family support, 86.4% of patients felt emotionally sup-

orted by their families, 88.7% of survivors believed that their fami-

ies had accepted their illness, and 89.6% were very (60.1%) or quite

29.5%) satisfied with the ways their families communicated with them

bout their illness. 

In terms of emotional well-being, 77.5% of patients never lost hope

n the fight against the disease, and 64.2% did not feel nervous at all.

ost patients were not worried (53.4%) or were a little bit worried

35.6%) about dying. 

Regarding the functional well-being, > 50% survivors did well

23.7%) or better (31.8%) at jobs (including housework). Most survivors

78.9%) were very enjoyable (44.3%) or enjoyed life quite a bit (34.6%).

n total, 39.8% of survivors were very satisfied and 36.7% were quite

atisfied with their current quality of life. 

Approximately 67.9% of patients could eat their favorite food and

wallow normally or relatively normally. No weight loss was observed

n 81.1% of survivors. 

Of the 716 patients who completed HRQL questionnaire, 54 patients

7.5%) were alive with recurrence until the questionnaire was returned.

atients without recurrence reported better results than those with re-

urrence in terms of physical condition (including not feeling lack of

nergy, being able to work, being able to swallow normally, being able

o eat their favorite foods, not losing weight, and not feeling pain). Pa-

ients without recurrence had better psychological states than relapsed

atients in terms of “not feeling nervous ”, “not bothered by the side

ffects of treatment ”, “not losing hope in the fight against my illness ”,

nd “not worried about dying ”. However, scores for family support were

ot significantly different among patients with or without recurrence

 Table 3 ). 

.3. Overall survival 

Patients were followed up until August 31, 2021; the median follow-

p time was 63 months (95% CI, 62.1–63.8). The median OS duration
153 
as 25.9 months (95% CI, 24–27.6). The 1-year, 2-year, 3-year, 4-year,

nd 5-year OS rates were 75.2%, 52.0%, 40.7%, 34.1%, and 30.0%,

espectively. A total of 1,794 patients died, of which 1,528 (85.2%) pa-

ients died of cancer, 91 (5.1%) of comorbidities, 81 (4.5%) of post-

reatment complications, 5 (0.3%) of accidents, and 89 (5.0%) of un-

nown reasons. 

In either univariate or multivariate analysis, age, sex, clinical stage,

reatment type of chemoradiotherapy, and radiation techniques were

ssociated with OS ( Table 4 ). Patients aged ≥ 80 years had a 57% in-

reased risk of death compared to younger patients (95% CI, 1.19–

.07; P < 0.008; Fig. 3 ). The 5-year OS was better in female than in

ale patients (HR, 0.81 [95% CI, 0.74–0.90]; P < 0.0001). The me-

ian OS of patients at stages I, II, III, and IV ESCC were 67 months,

7.4 months, 22.9 months, and 22.1 months, respectively ( Fig. 4 ). Pa-

ients with superaclavicular lymph node metastasis who were assigned

o Stage IVb, had the worst median OS of 20.5 months. Patients who

nderwent dCRT (35.8%; HR, 0.64 [95% CI, 0.57–0.72]; P < 0.001)

r IC + dRT/dCRT (31.1%; HR, 0.72 [95% CI, 0.62–0.84]; P < 0.001)

ad significantly better survival outcomes than those who received dRT

 Fig. 5 ). Patients who received either 2DRT (HR, 2.43 [95% CI, 1.70–

.47]; P < 0.001) or 3DRT (HR, 1.45 [95% CI, 1.14–1.84]; P = 0.003)

ad a significantly increased risk of death compared to those who re-

eived IMRT//VMAT/TOMO ( Fig. 6 ). 

. Discussion 

This is the first and largest survey report focusing on HRQL of pa-

ients with ESCC survived more than five years after definitive radiation

herapy in multiple medical centers in China. The results are compre-

ensive and include radiation technique, local or allopatric treatment,

s well as frequency and location of patient reexamination, etc. 

The average life expectancy in China reached 76.3 years in 2015, 1.5

ears higher than that in 2010. 19 The aging population has increased

nd is more prone to serious illness. In recent years, the number of el-

erly cancer patients gradually increased. Our survey results show that

atients with esophageal cancer who received definitive radiation ther-

py from 2015 to 2016 had a median age of 67 years, and 39% of them

ere ≥ 70 years, much higher than the median age of operable patients

n the NEOCRTEC5010 and CROSS trials (56–61.4 years). 4 , 20 

With the development of radiation technology, the 5-year OS of pa-

ients who receive dCRT for esophageal cancer in China has reached

0–44%. 5 , 8 In the era of conventional 2DRT, the 60 Co machine was

sed, and subsequently, linear accelerator was used to deliver exter-

al irradiation. The radiation field comprises a three-field isocenter ar-

angement employing one front and two rear radiation fields or a four-
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Table 3 

Comparison of quality-of-life scores in patients with and without relapse tumor. 

Issue No. a Item 

a Relapsed b , median Relapse-free b , median P value c 

Physical well-being 1 I have a lack of energy. 2 3 < 0.001 

2 I have pain. 2 3 < 0.001 

3 I am bothered by the side effects of treatment. 2 3 < 0.001 

Family well-being 4 I get emotional support from my family. 4 4 0.188 

5 My family has accepted my illness. 4 4 0.669 

6 Family communication about my illness is poor. 4 4 0.960 

Emotional well-being 7 I am losing hope in the fight against my illness. 2 3 < 0.001 

8 I feel nervous. 2 3 < 0.001 

9 I worry about dying. 2 3 < 0.001 

Functional well-being 10 I have been able to work (including housework). 1 3 < 0.001 

11 I am able to enjoy the life at the moment. 3 3 < 0.001 

12 I am content with the quality of my life right now. 3 3 < 0.001 

Swallowing and eating 13 I am able to eat the foods that I like. 2 3 < 0.001 

14 I can swallow naturally and easily. 2 3 < 0.001 

15 I am losing weight. 2 3 < 0.001 

a Items 1–12 were derived from Functional Assessment of Cancer Therapy-General (FACT-G). Items 13–15 were derived from Functional Assessment of Cancer 

Therapy-Esophageal (FACT-E). 
b A five-point Likert-type scale from 0 (not at all) to 4 (very much) was used. Higher score indicates better quality of life. 
c P value was calculated using Wilcoxon–Mann–Whitney test and P < 0.05 was considered as statistically significant. 

Table 4 

Results of univariate and multivariate Cox regression analyses. 

Median OS (95% CI) 5-year OS rate (95% CI) Univariate Cox regression Multivariate Cox regression 

HR (95% CI) P a HR (95% CI) P b 

Age group, years 

< 50 23.3 (18.7–33.7) 32.9 (24.9–43.5) Reference Reference 

50–59 23.9 (20.2–27.9) 29.7 (25.6–34.6) 1.07 (0.81–1.38) 0.632 1.13 (0.88–1.43) 0.327 

60–69 30.4 (27.2–34.1) 33.8 (31.0–36.9) 0.92 (0.72–1.17) 0.493 1.02 (0.81–1.27) 0.893 

70–79 25.0 (22.3–28.1) 29.2 (26.0–32.7) 1.08 (0.84–1.39) 0.546 1.19 (0.94–1.50) 0.156 

≥ 80 18.1 (15.8–21.2) 14.7 (10.6–20.5) 1.57 (1.19–2.07) 0.001 1.63 (1.23–2.16) < 0.001 

Sex 

Male 24.1 (22.6–26.0) 27.4 (25.3–29.6) Reference Reference 

Female 30.8 (26.7–35.1) 35.7 (32.5–39.2) 0.81 (0.74–0.90) < 0.001 0.76 (0.68–0.84) < 0.001 

Stage 

Stage I 67.0 (32.8-NA) 54.1 (42.9–68.2) Reference Reference 

Stage II 37.4 (32.7–42.5) 37.1 (33.8–40.7) 1.39 (0.97–1.98) 0.073 1.38 (0.96–1.97) 0.008 

Stage III 22.9 (20.6–25.5) 27.7 (25.1–30.6) 1.88 (1.32–2.67) < 0.001 1.96 (1.38–2.79) < 0.001 

Stage IVa 21.6 (18.7–25.2) 23.5 (18.9–29.2) 2.09 (1.44–3.04) < 0.001 2.16 (1.49–3.13) < 0.001 

Stage IVb 20.5 (18.3–23.6) 22.0 (17.7–27.2) 2.11 (1.46–3.05) < 0.001 2.28 (1.58–3.31)) < 0.001 

Treatment type 

dRT 19.1 (17.8–21.2) 19.2 (16.5–22.3) Reference Reference 

IC-dRT/dCRT 25.8 (23.4–31.1) 31.1 (26.9–35.9) 0.72 (0.62–0.82) < 0.001 0.72 (0.62–0.84) < 0.001 

dCRT 31.8 (28.8–35.0) 35.8 (32.2–38.5) 0.62 (0.56–0.69) < 0.001 0.64 (0.57–0.72) < 0.001 

Radiation technique 

IMRT/VMAT/TOMO 26.6 (25.1–28.8) 30.7 (28.9–32.6) Reference Reference 

3DRT 16.7 (12.1–21.1) 21.1 (13.9–31.9) 1.45 (1.14–1.84) 0.002 1.44 (1.13–1.83) 0.003 

2DRT 8.9 (5.9–13.8) 13.8 (6.2–31.1) 2.41 (1.70–3.42) < 0.001 2.43 (1.70–3.47) < 0.001 

a P value was calculated using univariate Cox regression and P < 0.05 was considered as statistically significant. 
b P value was calculated using multivariate Cox regression and P < 0.05 was considered as statistically significant. 

Abbreviations: 2DRT, two-dimensional radiotherapy; 3DRT, three-dimensional radiotherapy; CI, confidence interval; dCRT, definitive chemoradiotherapy; dRT, 

radiotherapy alone; HR, hazard ratio; IC, induction chemotherapy; IMRT, intensity-modulated radiotherapy; OS, overall survival; TOMO, tomotherapy; VMAT, 

volumetric-modulated arc therapy. 
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eld consisting of anteroposterior-posteroanterior plus oblique radia-

ion fields. However, 2DRT has shown 5-year OS of only 8.4–15.5%

nd a locoregional failure rate of 60–80% in unresectable ESCC pa-

ients after dCRT. 9 , 10 In 2001, the 3DRT was first used in China. Xiao

t al . used the 3DRT planning system to evaluate the dose distribution

n conventional 2DRT for esophageal cancer and found that although

he prescribed dose of planning target volume was 60 Gy, only 36.6%

f gross target volume and 27% of clinical target volume were covered,

hereas with 3DRT these values reached 100% and 95%, respectively. 21 

heoretically, 3DRT improves the locoregional control rate after obtain-

ng the prescribed dose in the radiation area. Furthermore, IMRT pre-

ented significantly better conformality and homogeneity than 3DRT.

pecifically, IMRT planning was superior to 3DRT planning in protect-

ng the normal tissue. The present study found that during 2015–2016,
154 
4.8% Chinese patients with ESCC received IMRT-based advanced ra-

iation technology that resulted in a corresponding 5-year OS rate of

0% and a median OS of 25.9 months, which was significantly better

han the results of 3DRT (21.1%, 16.7 months) and 2DRT (13.8%, 8.9

onths). Lan et al. reviewed 388 patients with ESCC receiving IMRT

r 3DRT from 2010 to 2017, and found that IMRT was significantly

ssociated with better OS ( P = 0.001) and progression-free survival

PFS, P = 0.008) and lower risk of radiation pneumonitis (5.4% vs

3.1%, P < 0.001) compared to 3DRT. 22 Therefore, we recommend that

MRT-based photon radiotherapy should be used as far as possible in

sophageal cancer to improve OS and reduce the occurrence of side ef-

ects. PBT can provide the same radiation dose in the tumor area, while

urther reducing the dose to surrounding normal tissues. Xi et al. re-

orted PBT improved OS and PFS compared with IMRT for stage III



X. Wang, F. Liang, X. Wang et al. Journal of the National Cancer Center 3 (2023) 150–158 

Fig. 3. Overall survival of inoperable esophageal patients 

after definitive radiation therapy according to age group. 

Y, years. 

Fig. 4. Overall survival of inoperable esophageal patients 

after definitive radiation therapy according to clinical 

stage. 
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sophageal cancer patients receiving dCRT. 23 However, a study with

 large sample size or prospective studies are needed to confirm this

onclusion. 

The RTOG8501 trial has confirmed that dCRT is more effective than

RT in esophageal cancer. 7 Ji et al. , in a prospective phase III random-

zed controlled study on S-1 based dCRT vs dRT in elderly patients with

SCC, found that the addition of S-1 significantly improved 3-year OS

43.4% vs 28.4%, P = 0.002). 24 In the present study, the 5-year OS of

atients who received dRT was only 19.2%, much lower than 35.8% in

atients receiving dCRT or 31.1% in those who received IC + dRT/dCRT.

ccording to the National Comprehensive Cancer Network guidelines,

adiotherapy combined with chemotherapy is the standard neoadjuvant

r definitive treatment for esophageal cancer with stage T2–4aN0–3M0.

owever, whether induction chemotherapy is needed before dCRT is
155 
nclear. Liu et al. evaluated the efficacy of IC + dCRT vs dCRT in

atients with inoperable thoracic ESCC in a single-center randomized

hase II study. 25 No significant differences in 3-year OS and PFS were

bserved between patients receiving IC + dCRT and those receiving

CRT (41.8% vs 38.1%, P = 0.584; 30.6% vs 29.8%, P = 0.770), and

rade ≥ 3 adverse events were similar between the two groups. While

ubgroup analysis showed that responders to IC had significantly more

avorable survival compared with non-responders or with patients in

he dCRT group (3-year OS, 80% vs 10% vs 38.1%, P < 0.001; 3-

ear PFS, 55.3% vs 10% vs 29.8%, P < 0.001). In addition, patients

ith stage III-IVa benefited from IC compared to those with stage II

OS, P = 0.069; PFS, P = 0.058). 25 Thus, ESCC patients with locally

dvanced stage may be suitable for IC + dCRT. Furthermore, IC may

creen some patients for sensitivity to chemotherapy and have excellent
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Fig. 5. Overall survival of inoperable esophageal patients 

according to treatment type. dCRT, chemoradiotherapy; 

IC-dRT, induction chemotherapy followed by radiotherapy 

or chemoradiotherapy; dRT, radiotherapy alone. 

Fig. 6. Overall survival according to radiation technique. 

2D, two-dimensional radiotherapy; 3D, three-dimensional 

radiotherapy; IMRT, intensity-modulated radiotherapy; 

TOMO, tomotherapy; VMAT, volumetric-modulated arc 

therapy. 
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urvival outcomes from the subsequent dCRT. The 3-year OS of 80%

n the IC + dCRT group reported in the above study 25 is even better

han the results of neoadjuvant chemoradiotherapy trials followed by

urgery in patients with esophageal cancer (3-year OS rate in the neoad-

uvant chemoradiotherapy plus surgery arm in the NEOCRTEC5010

rial was 67% and the rate was 69.1% in the CROSS trial for ESCC

atients). 4 , 26 

According to the results of this survey, the coverage rate of medical

nsurance for radiotherapy patients during 2015–2016 reached 94.7%,

hich is similar to 96.5% as published in the Report of Medical and

ealth Development in China, 2016. 19 At present, the coverage of med-

cal insurance in China is constantly expanding, the scope of insur-

nce coverage and compensation ratio are constantly increasing, and
156 
he economic burden of residents’ medical treatment is gradually re-

uced. Simultaneously, in order to provide better medical insurance

or residents, the government is encouraging the complete develop-

ent of commercial insurance as a powerful supplement to medical

nsurance. 

With advances in multidisciplinary diagnosis and treatment of

sophageal cancer, the number of patients with long-term survival has

radually increased. Surgery remains the cornerstone of comprehensive

reatment, but HRQL, including physical, psychological, emotional, and

ocial support, is greatly affected after surgery in approximately 50%

atients. 27–29 Derogar et al. conducted a HRQL survey in 153 patients

ith esophageal cancer who survived more than 5 years after surgery

nd found that one-third of the patients with severe postoperative com-
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lications still had severe insomnia and gastroesophageal reflux during

ollow-up. 29 Donohoe et al. found that, after a median follow-up of 70.3

onths, the HRQL related to long-term dysphagia, regurgitation, pain,

nd cough of patients with disease-free survival after surgery was sig-

ificantly lower than pre-treatment patients and healthy people. 28 Most

tudies that reported HRQL of patients after radiotherapy in esophageal

ancer had a small sample size. 30-32 In SCOPE-1, a prospective, con-

rolled, phase III study that compared the efficacy of dCRT ± cetuximab

n esophageal cancer, 33 the functional HRQL scores decreased signifi-

antly at 14 weeks after dCRT, and most recovered at 6 months and

ully recovered at 2 years. 34 In our study, the HRQL survey of 716

SCC patients surviving more than 5 years showed that nearly 70% pa-

ients were still able to swallow normally or almost normally, and >

0% patients did not experience weight loss. Nearly 80% patients en-

oyed life very much or quite enjoyed life at the moment. More than

5% patients felt emotionally supported by their families. Currently,

o study has compared HRQL results between dCRT-based and surgery-

ased comprehensive treatment for esophageal cancer in large-scale ran-

omized controlled trials. Avery et al. , in a small sample size study, ob-

erved reduced HRQL outcomes in patients receiving both dCRT-based

nd surgery-based treatments, but found that dCRT had less impact on

RQL. 30 

Based on the goal of achieving satisfactory prognosis and improving

RQL, organ-preserving treatment such as dCRT or IC + dCRT followed

y active surveillance and salvage surgery should be considered for se-

ected ESCC patients who respond to dCRT or IC. Recently, Qian et al.

eported that the survival rate of patients with locally advanced ESCC

ho achieved clinical complete response after neoadjuvant chemoradio-

herapy was not significantly different from those who received neoad-

uvant chemoradiotherapy plus surgery and dCRT. 35 Active surveillance

ombined with diagnostic modalities in esophageal cancer are currently

eing assessed in the SANO trial. 36 

This study has limitations. First, this is a retrospective study, and

ome variables are not detailed in the survey (i.e., radiation dose,

hemotherapy drug, or cycles). Owing to the limitation in follow-up,

nly a few questions that physicians believed to have the most impact

n patients’ HRQL were selected to form the questionnaire. Because of

his selection, our findings may ignore possible impact of radiotherapy

n patients in certain aspects, such as activities of daily living, cognitive

tate, or depression. 

In conclusion, this largest, multicenter survey of HRQL and long-

erm survival in ESCC patients treated with definitive radiation therapy

etween 2015 and 2016 in China showed that most ESCC survivors who

eceived definitive radiation therapy were satisfied with their quality of

ife. Advanced radiation technology (IMRT/VMAT/TOMO) resulted in

ignificant survival benefits in ESCC patients. This study also provides

 basic reference for the HRQL and survival outcomes of ESCC patients

ho received definitive radiation therapy after China entered the era of

mmunotherapy after 2018. 
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