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Abstract

Objective: This study was conducted to explore the appropriate radical radiation dose in concurrent chemoradiotherapy
(CCRT) for patients with inoperable stage II–III esophageal squamous cell carcinoma (ESCC).

Methods: This retrospective study included patients with esophageal cancer (EC) from the database of patients treated at the
Affiliated Zhangjiagang Hospital of Soochow University (1/2015–12/2019). Overall survival (OS), progression-free survival
(PFS), objective remission rate (ORR), first failure pattern, and toxicities were collected.

Results: 112 patients treated with intensity-modulated radiation therapy (IMRT) combined with concurrent chemotherapy of
nedaplatin-based regimens were included. Fifty-eight (51.8%) and 54 (48.2%) patients received 60 (HD) and 50.4 (LD) Gy of
radiotherapy, respectively. The HD group showed superior OS and a trend for longer PFS compared with the LD group (median
OS: 25.5 vs 17.5 months, P = .021; median PFS: 14.0 vs 10.5 months, P = .076). There were more patients with a complete
remission (CR) in the HD group than in the LD group (P=.016). The treatment-related toxicities were generally acceptable, but
HD radiotherapy would increase the incidence of grade ≥3 late radiotoxicity (22.4% vs 5.6%, P = .011).

Conclusion: In nedaplatin-based CCRT for stage II–III ESCC, the radiotherapy dose of 60 Gy achieved a better prognosis.

Strengths and limitations of this study:A comparative study of 50.4 Gy and 60 Gy was conducted to evaluate whether 50.4
Gy can be used as a radical radiotherapy dose for inoperable stage II–III esophageal squamous cell carcinoma from a real-world
perspective.
The highly consistent selection criteria in our study make analysis results highly reliable and scientific.
The existing research results support that nedaplatin can be used in concurrent chemoradiotherapy for esophageal squamous
cell carcinoma, and this study focuses on the discovery of a better nedaplatin-based combination regimen.
The findings of this study are limited to a single-center study with a non-large sample size.
Inevitably, recall bias may exist in this retrospective study.
Surgery was not involved in the follow-up treatment after concurrent chemoradiotherapy, which may worsen the prognosis of
some patients.
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Introduction

Esophageal cancer (EC) is one of the most deadly malignant
epithelial tumors with poor long-term survival,1,2 with an
estimated 604,100 new cases and 544,076 deaths in 2020
worldwide.3 Arguably, surgery remains the preferred treat-
ment for early EC.4,5 Still, due to the high rate of lymph node
metastasis and the lack of early symptoms, many patients are
diagnosed in the late stages, patients that can be cured by
surgery are rare, and postoperative recurrence is common,
especially for advanced disease.4-7 Unfortunately, most EC
patients in China are diagnosed as locally advanced.8

Squamous cell carcinoma (SCC) is the most common
pathological type of EC and accounts for about 95% of all
cases of EC in China.9 Esophageal squamous cell carcinoma
(ESCC) is considered moderately sensitive to radiation,10,11

and radiotherapy is currently one of the few treatment mo-
dalities with definite curative effects in addition to surgery.4,5

Concurrent chemoradiotherapy (CCRT) is the standard
treatment for nonsurgical locally advanced EC, as established
by the Radiation Therapy Oncology Group trial 85-01 (RTOG
85-01).12 Still, controversies are ongoing regarding the op-
timal radiation dose, radiation volume, and concurrent che-
motherapy regimen in CCRT for non-operable EC patients.
Based on the result of RTOG 94-05,13 50.4 Gy can be con-
sidered a radical treatment for locally advanced EC by ra-
diotherapy as survival is similar compared with higher doses
and with less toxicity. Nevertheless, it is worth noting that the
above results were largely based on esophageal adenocarci-
noma, which cannot exactly represent ESCC. Otherwise, few
randomized clinical trials (RCTs) could provide high-quality
evidence to determine the appropriate radical dose and clinical
target volume of radiotherapy for inoperable locally advanced
EC. The choice of 50.4 or ≥60 Gy remains a major unsolved
issue in radiotherapy for EC in the past decade. A meta-
analysis that included 18 relative publications was conducted
in 201714 to compare patients who received CCRT ≥60 vs <60
Gy and found that a total dose of ≥60 Gy appeared to be better
in improving overall survival (OS) and locoregional control
(LRC), especially in Asian countries. The results of three
studies15-17 showed that high-dose (≥60 Gy) radiation in
CCRT was safe under the premise of using modern radio-
therapy technologies. Zhang et al.18 considered that the dose-
response relationship resulted in LRC for patients with stage
II–III EC treated with CCRT. Suh et al.19 conducted a ret-
rospective study that included 126 patients with stages II-III
EC and concluded that high-dose radiotherapy with ≥60 Gy in
CCRT was more suitable for East Asians for improving LRC
and progression-free survival (PFS) without a significant
increase of treatment-related toxicity. In the present study, we

discussed the benefits and disadvantages of 50.4 and 60 Gy in
CCRT of stage II–III ESCC.

In the past decade, no substantial progress was made in
chemotherapy for EC. Cisplatin (DDP) combined with 5-
fluorouracil (5-FU) is still considered as a classic regimen
for CCRT of EC, which may evoke a tumor response and
improve survival.4,5,20-22 Still, outstanding renal, gastrointes-
tinal, and cardiac side effects limit its use. Some drugs have
shown more safety compared to 5-FU-or DDP-based regimens
with no less or better treatment effect, such as paclitaxel, do-
cetaxel (DOC), tegafur-gimeracil-oteracil potassium (S-1),
oxaliplatin (OXA), nedaplatin (NDP), and raltitrexed.23-29

The combination of S-1 and DDP showed superior safety
and efficacy compared with 5-FU/DDP.30-32 A phase II clinical
trial33 demonstrated that concurrent chemoradiation with S-1
and cisplatin exhibited encouraging results with pathologic
complete response. In a previous study by the authors’ group,34

nedaplatin-based CCRT regimens as first-line treatment could
make the 3-year survival rate of patients with stage II–III ESCC
reach 31.4%, with an acceptable toxicity profile. NDP-based
chemotherapy combined with radiotherapy is applicable in EC.

Therefore, this study aimed to compare the effects of different
doses of radiotherapy (50.4 vs 60 Gy) on survival, treatment
responses, failure patterns, and treatment-related toxicities in
patients with nedaplatin-based CCRT. The results could suggest
the appropriate dosage that could be used as radical radiotherapy
dose in CCRT of patients with stage II–III ESCC.

Methods

Patients

This retrospective study included patients with EC from the
database of patients treated at the Oncology Department of the
Affiliated Zhangjiagang Hospital of Soochow University
(Jiangsu, China) between January 2015 and December 2019.
This study was approved by the Medical Ethics Review
Committee of the Affiliated Zhangjiagang Hospital of Soo-
chow University (#201901-KS001).

The inclusion criteria were (1) histologically-confirmed
ESCC by gastroscopy or ultrasound gastroscopy, (2) clini-
cal stage II–III, diagnosed according to the criteria of the
International Union Against Cancer 2009, seventh edition,35

(3) no history of thoracic surgery or radiotherapy, (4) 20–75
years of age, and (5) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score of 0–1.36 The ex-
clusion criteria were (1) patient scheduled for surgery, (2) poor
liver, kidney, or bone marrow function, or diseases that might
increase treatment-associated organ dysfunction, (3) severe
cardiopulmonary diseases, (4) esophageal perforation or deep
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ulceration, (5) considerable esophageal bleeding, or (6)
contraindications to radiotherapy or chemotherapy.

According to the hospital medical records, the patients
were divided into the LD (low dose, 50.4 Gy) or HD (high
dose, 60 Gy) group.

Radiotherapy Regimen

Radiotherapy was initiated within 7 days of starting chemo-
therapy. Intensity-modulated radiation therapy (IMRT) with a
6-MV X-ray was adopted via a high-energy (≥6 MV) linear
accelerator. Gross tumor volume (GTV) was defined as the
total volume of primary tumor (GTVp) and metastatic lymph
node (GTVnd). Involved lymph nodes were confirmed via 64-
multislice computed tomography (CT) scan of the cervix,
chest, and abdomen or positron emission tomography-
computed tomography (PET-CT). Clinical target volume
(CTV) included the extensions of primary and metastatic
disease plus the elective lymph node regions (CTVen). CTVof
primary tumor (CTVp) included 1.0 cm expansion of the
GTVp in circumferential direction and 3 cm extension of the
GTVp in the craniocaudal direction. CTV of the involved
lymph nodes (CTVnd) was defined as GTVnd plus 1 cm all
directional margins. For upper-and middle-thoracic EC,
CTVen included group supraclavicular nodes plus 1, 2, 4, 5,
and 7 thoracic nodes while group 2, 4, 5, and 7 thoracic, left
gastric, and paracardiac nodes were designated for lower
thoracic EC. Planning target volume (PTV) was set as CTV

plus a 5 mm margin in all directions to compensate for set-up
variations and internal organ motion. Add up to 60 Gy (2.0 Gy
per fraction) radiation dose was delivered to primary tumor
and metastatic lymph node in HD group, while it was 50.4 Gy
(1.8 Gy per fraction) in LD group. The prescribed dose de-
livered to elective lymph node region was set as a total of 45-
50.4 Gy (1.8 Gy per fraction) consistently in each group.
Based on the dose-volume histogram, the organ dose limits
were set as follows: (i) Mean lung dose (MLD) ≤16 Gy, V20
≤30%; (ii) mean heart dose (MHD) ≤40 Gy; and (iii) maxi-
mum spinal cord dose ≤45 Gy. If these constraints were not
satisfied, the plan was altered to: MLD <20 Gy, lung V20
<40%, and MHD <45 Gy.

Chemotherapy Regimen

The chemotherapy regimen was one of the following: (i)
70 mg/m2 NDP intravenously on day 1 plus 40 mg S-1 orally
twice daily for 2 weeks, and repeated on day 22; (ii) 35 mg/m2

NDP intravenously plus 35 mg/m2 DOC intravenously on
days 1 and 8, and repeated on day 22. The chemotherapy dose
was reduced by 20% in the subsequent cycle if grade 4 he-
matological or grade ≥3 non-hematological toxicity occurred,
and chemotherapy and radiotherapy were suspended until
bone marrow/other organ functions normalized. Chemother-
apy was terminated if the patient was unable to tolerate the
toxicity or withdrew. Additional cycles of chemotherapy were
suggested to be performed following CCRT.

Figure 1. Patient flowchart.
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Data Collection and Definition

Tumor response, recurrence, and metastasis were evaluated
through systematic examinations, including physical exami-
nation, enhanced CT of the neck, chest, and abdomen, gas-
troscopy, and upper gastroenterography. Tumor response after
treatment was assessed in accordance with the Response
EvaluationCriteria in Solid Tumors version 1.1 (RECIST 1.1).27

The following data were collected for analysis: (1) patient’s
response to treatment including complete remission (CR),
local recurrence (LR), partial remission (PR), stable disease
(SD), and progressive disease (PD), (2) patient’s survival from
the start of treatment to the end of observation including OS
and PFS, (3) first failure pattern after CCRT, including local
recurrence, regional lymph node recurrence, locoregional
failure, distant metastasis, and distant/local/regional failure,

and (4) all CCRT-related toxicities during and after treatment
including acute and late toxicity. All data were collected from
the hospital record system.

OS and PFS were respectively defined as the duration from
the start of treatment to mortality or the last follow-up, and
tumor progression or death. Locoregional failure was defined
as a failure pattern when local recurrence and regional lymph
node recurrence were detected at the same time. The objective
remission rate (ORR) was defined as CR plus PR. Regional
lymph node recurrence was diagnosed by imaging as (1)
nodes reappear in the original position following CR, or (2)
regional nodes that newly appear after prophylactic irradi-
ation. Distant/local/regional failure was interpreted as local
recurrence or regional lymph node metastasis that occurred
simultaneously as distant metastasis, including a triple
failure pattern.

Table 1. Baseline characteristics of the patients.

Characteristics All (n = 112) HD (n = 58) LD (n = 54) P

Age, years, n (%) .474
<70 73 (65.2) 36 (62.1) 37 (68.5)
≥70 39 (34.8) 22 (37.9) 17 (31.5)

Sex, n (%) .994
Male 85 (75.9) 44 (75.9) 41 (75.9)
Female 27 (24.1) 14 (24.1) 13 (24.1)

ECOG PS score, n (%) .66
0 29 (25.9) 14 (24.1) 15 (27.8)
1 83 (74.1) 44 (75.9) 39 (72.2)

Tumor location, n (%) .756
Upper thoracic 34 (30.4) 19 (32.8) 15 (27.8)
Middle thoracic 52 (46.4) 27 (46.5) 25 (46.3)
Lower thoracic 26 (23.2) 12 (20.7) 14 (25.9)
Tumor length, cm (range) 4 (2–8) 4 (2–8) 4 (2–8)

Clinical stage, n (%) .511
II 32 (28.6) 15 (25.9) 17 (31.5)
III 80 (71.4) 43 (74.1) 37 (68.5)

T stage, n (%) .029
T1 3 (2.7) 1 (1.7) 2 (3.7)
T2 32 (28.6) 14 (24.1) 18 (33.3)
T3 65 (58.0) 32 (55.2) 33 (61.1)
T4 12 (10.7) 11 (19.0) 1 (1.9)

N stage, n (%) .751
N0 16 (14.3) 7 (12.1) 9 (16.7)
N1 57 (50.9) 31 (53.4) 26 (48.1)
N2-3 39 (34.8) 20 (34.5) 19 (35.2)

Chemotherapy cycles, n (%) .154
2 19 (17.0) 6 (10.3) 13 (24.1)
3–4 57 (50.9) 32 (55.2) 25 (46.3)
5–6 36 (32.1) 20 (34.5) 16 (29.6)

Chemotherapy regimen, n (%) .488
NS 71 (63.4) 35 (60.3) 36 (66.7)
ND 41 (36.6) 23 (39.7) 18 (33.3)

HD = high dose; LD = low dose; ECOGPS = Eastern CooperativeOncology Group performance status; NS = nedaplatin and S1; ND = nedaplatin and docetaxel.
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Statistical Analysis

Data were analyzed using SPSS 24.0 (IBM Corporation,
Armonk, NY, USA) and GraphPad Prism 6 (GraphPad
Software, San Diego, CA, USA). Student’s t-test or Wil-
coxon rank-sum test was used to compare the continuous
variables between two groups. Categorical variables were
compared using Fisher’s exact test. The D’Agostino-Pearson
omnibus normality test was used to examine if the variables
had a Gaussian distribution. Survival data were estimated
using the Kaplan-Meier method and the log-rank test.
Univariable and multivariable analyses were done using the
Cox proportional-hazards model. Two-sided P-values <.05
were considered statistically significant.

Results

Characteristics of the Patients

A total of 283 patients with stage II–III EC were screened for
inclusion, of whom 141 patients were excluded because of
non-ESCC (n = 15) or inconsistent treatments (n = 126)
(Figure 1). Of the remaining 142 patients, 30 were not in-
cluded because of unavailable data. At last, 112 patients were
included in the analysis: 58 (51.8%) and 54 (48.2%) patients
received 60 and 50.4 Gy, respectively.

Table 1 presents the patient characteristics. The 112
patients with thoracic ESCC (median age, 66 years; range,
42–82 years) included 85 males (75.9%) and 27 females
(24.1%). The median tumor length was 4 cm (range, 2–
8 cm). Upon admission, all patients had an ECOG per-
formance score of 0–1. Thirty-two patients (28.6%) had
clinical stage II disease, and 80 (71.4%) had clinical stage
III disease. All patients had ESCC (100%), and all patients
underwent IMRT. Middle thoracic esophagus was the most
common tumor location (n = 52, 46.4%), followed by upper
thoracic esophagus (n = 34, 30.4%) and lower thoracic
esophagus (n = 26, 23.2%). All patients included in the HD
and LD groups completed radiotherapy at doses of 60 Gy or

50.4 Gy delivered to primary tumor and metastatic lymph
node. The 112 patients completed two cycles of CCRTwith
different chemotherapy regimens, and 93 of them (83.0%)
underwent additional chemotherapy after radiotherapy. The
duration of treatment was extended for a short period due to
acute radiation reactions or side effects of chemotherapy in
a total of 39 (34.8%) patients, but no patients discontinued
treatment. There were more patients with T4 disease in the
HD group than in the LD group (19.0% vs 1.9%), and a
significant difference in the T stage was observed between
the two groups (P = .029). There were no significant dif-
ferences in the other characteristics between the HD and LD
groups.

Follow-Up and Survival

For all patients, the median follow-up was 23 (range, 8–57)
months. The status of the patients by the last follow-up is shown
in Table 2. A total of 75 (67.0%) patients died, including 66
(58.9%) fromEC or its complications and nine (8.0%) from other
causes (e.g., bacterial pneumonia or septicemia). No patients died
of treatment-related adverse reactions. The median OS and PFS
were 25months (95%CI, 11.37–14.63) and 13months (95%CI,
11.37–14.63). For the HD and LD groups, the median OS was
25.5 (95% CI, 23.86–28.14) and 17.5 (95% CI, 12.0–24.01)
months, respectively, and a significant difference was observed
between these two groups (P = .021, hazards ratio (HR) = .597,
95% CI, .379-.942, Figure 2(A)). The 1-, 2-, and 3-year OS rates
were 91.4% (53/58), 61.6% (36/58), and 38.7% (24/58) in the
HD group, and 77.8% (42/54), 39.8% (22/54), and 22.6% (14/
54) in the LD group, respectively. The median PFS was 14.0
months (95%CI, 11.87–16.13) in theHDgroup and 10.5months
(95% CI, 7.60–12.4) in the LD group. There was a trend that a
high radiation dose would lead to a prolongation of PFS, but no
significant difference in PFS was observed between the HD and
LD groups (P = .076, HR = .703, 95% CI, .467-1.06, Figure
2(B)). The PFSwas 62.1% at 1 year, 31.0% at 2 years, and 20.7%
at 3 years in the HD group, compared with 40.7%, 20.4%, and
14.8% in the LD group, respectively.

Response to Treatment

Table 2 shows the tumor responses. Twenty-eight patients
(25.0%) achieved CR, while 55 patients (49.1%) achieved
PR, for an ORR of 74.1%. The ORR was 81.0% and 66.7%
in the HD and LD groups, respectively, and the former has a
better disease response trend (P = .083). There were more
patients who achieved CR in the HD group than in the LD
group (P = .016).

Univariable and Multivariable Analysis for Factors
Affecting OS and PFS

Patients with cII (P = .015, HR .508, 95%CI, .295–.877), cT1-3
disease (HR .468, 95% CI, .244–.895, P = .022), cN0 disease

Table 2. Survival and clinical response.

Parameter All (n = 112) HD (n = 58) LD (n = 54) P

Status at analysis, n (%)
Alive 37 (33.0) 23 (39.7) 14 (25.9) .123
Deceased 75 (67.0) 35 (60.3) 40 (74.1)

Response, n (%)
CR 28 (25.0) 20 (34.5) 8 (14.8) .016
PR 55 (49.1) 27 (46.6) 28 (51.9) .575
OR 83 (74.1) 47 (81.1) 36 (66.7) .083
SD 21 (18.8) 9 (15.5) 12 (22.2) .364
PD 8 (7.1) 2 (3.4) 6 (11.1) .116

HD = high dose; LD = low dose; CR = complete remission; PR = partial
remission; OR = objective remission; SD = stable disease; PD = progressive
disease. OR= CR + PR.
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(HR .367, 95% CI, .159–.848, P = .019), tumor length ≤5 cm
(HR .559, 95% CI, .341–.916, P = .021), or tumor response of
CR/PR (HR .316, 95% CI, .194–.513, P<.001) could achieve a
better OS (Table 3). The multivariable Cox analysis revealed
that tumor length ≤5 cm (HR .504, 95% CI, .288–.882, P =
.016) and tumor response of CR/PR (HR .36, 95% CI, .213–
.61, P<.001) were independent predictors of OS (Table 3).
Similarly, the univariable analyses showed that cII disease
(HR .508, 95% CI, .295–.877, P = .015), cT1-3 disease (HR

.4, 95% CI, .214–.748, P = .004), cN0 disease (HR .29, 95%
CI, .133–.629, P = .002), tumor length ≤5 cm (HR .596, 95%
CI, .373–.954, P = .031), and tumor response of CR/PR (HR
.278, 95% CI, .174–.443, P<.001) could predict a better PFS
(Table 3). In the multivariable Cox analysis, tumor length
≤5 cm (HR .536, 95% CI, .313–.918, P = .023) and tumor
response of CR/PR (HR .309, 95% CI, .188–.509, P < .001)
were independently associated with a superior PFS (Table
3). Moreover, patients without lymph node metastasis have a

Figure 2. Kaplan–Meier curves displaying (A) overall survival rates and (B) progression-free survival rates for patients in the HD (high-dose)
group (green) and the LD (low-dose) group (blue).

Table 3. Analysis of the prognostic factors for OS and PFS.

Characteristic

Univariable Analysis Multivariable Analysis

HR 95% CI P HR 95% CI P

OS
Sex (male vs female) 1.168 .687–1.985 .567 - - -
Age (<70 vs ≥70 years) 1.406 .865–2.287 .169 - - -
ECOG PS (0 vs 1) .815 .475–1.400 .459 - - -
Clinical stage (cII vs cIII) .508 .295–.877 .015 .799 .387–1.648 .543
cT stage (cT1-3 vs cT4) .468 .244–.895 .022 .833 .398–1.747 .63
cN stage (cN0 vs cN1-3) .367 .159–.848 .019 .435 .155–1.222 .114
Tumor length (≤5 vs >5 cm) .559 .341–.916 .021 .504 .288–.882 .016
Tumor site (upper thoracic vs middle/lower thoracic) .77 .461–1.286 .317 - - -
Chemotherapy cycle (2 vs ≥2) 1.063 .584–1.935 .841 - - -
Response (CR/PR vs SD/PD) .316 .194–.513 <.001 .36 .213–.61 <.001

PFS
Gender (male vs female) .956 .597–1.534 .853 - - -
Age (<70 vs ≥70 years) 1.459 .939–2.268 .093 - - -
ECOG PS (0 vs 1) .967 .607–1.542 .889 - - -
Clinical stage (cII vs cIII) .406 .244–.678 .001 .704 .36–1.378 .306
cT stage (cT1-3 vs cT4) 0.4 .214–.748 .004 .686 .339–1.387 .294
cN stage (cN0 vs cN1-3) .29 .133–.629 .002 .412 .156–1.087 .073
Tumor length (≤5 vs >5 cm) .596 .373–.954 .031 .536 .313–.918 .023
Tumor site (upper thoracic vs middle/lower thoracic) .716 .449–1.142 .161 - - -
Chemotherapy cycle (2 vs ≥2) .83 .469–1.466 .52 - - -
Response (CR/PR vs SD/PD) .278 .174–.443 <.001 .309 .188–.509 <.001

OS = overall survival; PFS = progress-free survival; HR = hazard ratio; CI = confidence index; ECOG= Eastern Cooperative Oncology Group; PS = performance
status; CR = complete remission; PR = partial remission; SD = stable disease; PD = progressive disease.
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trend of lower disease progression (HR .412, 95% CI, .156–
1.087, P = .073).

Subgroup Analysis of OS and PFS

The effects of the chemotherapy regimens on patients receiving
different doses of radiotherapy were examined by subgroup

analyses. In the HD group, patients receiving the ND and NS
regimen had a similar OS (26 vs 27 months, respectively, P =
.618, Figure 3(A)) and PFS (14 vs 14 months, respectively, P =
.816, Figure 3(C)). Coincidentally, non-significant differences
inOS (25 vs 17months, respectively, P = .962, Figure 3(B)) and
PFS (14 vs 9 months, respectively, P = .760, Figure 3(D)) were
observed in the LD group.

Figure 3. Kaplan–Meier curves displaying (A) overall survival rates and (C) progression-free survival rates for patients in HD (high-dose)
group treated with ND (nedaplatin plus docetaxel) regimen (blue) and NS (nedaplatin plus S1) regimen (green); (B) overall survival rates and
(D) progression-free survival rates for patients in LD (low-dose) treated with ND regimen (blue) and NS regimen (green).

Table 4. Treatment failure.

Treatment Failure All (n = 105) HD (n = 56) LD (n = 49) P

First failure after CR/PR/SD, n (%) 92 (87.6) 46 (82.1) 46 (93.9) .069
Local, n (%) 62 (59.0) 25 (44.6) 37 (75.5) .001
Regional, n (%) 56 (53.3) 29 (51.8) 27 (55.1) .734
Locoregional, n (%) 43 (41.0) 19 (33.9) 24 (49.0) .118
Distant, n (%) 15 (14.3) 9 (16.1) 6 (12.2) .576
Distant/local/regional, n (%) 14 (13.3) 8 (14.3) 6 (12.2) .759

CR = complete remission; PR = partial remission; SD = stable disease; HD = high dose; LD = low dose.
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Treatment Failure Patterns

The patterns and occurrence rates of treatment failure are
shown in Table 4. At the time of analysis, seven patients
(6.3%) were not included in the analysis of treatment failure
due to mortality or disease progression before the first ther-
apeutic evaluation. Of the 105 patients included in the ana-
lyses, 92 patients (87.6%) experienced disease progression.
Local failure (n = 62, 59%) occurred most frequently followed
by regional lymph node metastasis (n = 56, 53.3%), and 43
(41.0%) patients simultaneously had local progression and
lymph node metastasis. Distant metastases were found in 15
(14.3%) patients, and 14 (13.3%) of them synchronously had
local or regional disease progression. The most common sites
of distant metastasis were lung and bone. Notably, patients in
the LD group experienced significantly more local recurrence
than those in the HD group (75.5% vs 44.6%, P = .001). On the
other hand, significant differences in regional lymph node
metastasis and distant metastasis were not observed between
the HD and LD groups.

Grade ≥3 Toxicities

Radio/chemotherapy-associated toxicities of grade ≥3 are
shown in Table 5. Overall, 50 (44.6%) patients experienced
grade 3 acute hematological toxicities. Grade 3–4 leukopenia
was the most common hematological toxicity observed in
46 (41.1%) patients. Relatively, grade ≥3 anemia and
thrombocytopenia occurred uncommonly (1.8% and 8.9%,

respectively). No patient died of serious hematological tox-
icities indirectly. There were no significant differences in acute
hematological toxicities between the HD and LD groups. The
overall incidence of grade ≥3 non-hematologic toxicity was
33.0%, and no significant difference was found between the
two groups (36.2% vs 29.6%, P = .46). Fatigue, chest pain, and
nausea occurred the most frequently (25.9%, 25.9%, and
12.1%, respectively) in the HD group, while the most frequent
non-hematologic adverse events were fatigue, weight loss, and
diarrhea (20.4%, 16.7%, and 13.0%, respectively) in the LD
group. Grade ≥3 chest pain significantly increased when
patients received a radiation dose of 60 Gy delivered to the
primary tumor sites compared with a radiation dose of 50.4 Gy
(P = .046). All three cases of grade 3 acute radiation esophagitis
occurred in the HD group. Overall, the incidence of grade ≥3 late
radiotoxicity in the HD group was much higher than in the LD
group (22.4% vs 5.6%, P = .011). Still, when comparing
pneumonia, heart disease, esophageal ulcer, esophageal stricture,
or esophagitis separately, no significant difference was found
(P = .196, .344, .332, .169, and .344, respectively).

Discussion

The radical radiation dose in CCRT for patients with stage II–III
ESCC is still controversial. Therefore, this study aimed to
compare the effects of different doses of radiotherapy (50.4 vs 60
Gy) on survival, treatment responses, failure patterns, and
treatment-related toxicities in patients with nedaplatin-based
CCRT. This retrospective analysis demonstrated that NDP-based

Table 5. Radio/chemotherapy-associated toxicities of grade ≥3.

Parameter Total (n = 112) HD (n = 58) LD (n = 54) P

Acute toxicity, n (%)
Hematological toxicities 50 (44.6) 26 (44.8) 24 (44.4) .967
Leukopenia 46 (41.1) 24 (41.4) 22 (40.7) .945
Anemia 2 (1.8) 1 (1.7) 1 (1.9) .959
Thrombocytopenia 10 (8.9) 5 (8.6) 5 (9.3) .906

Non-hematological toxicities 37 (33.0) 21 (36.2) 16 (29.6) .460
Fatigue 26 (23.2) 15 (25.9) 11 (20.4) .492
Pneumonia 5 (4.5) 4 (6.9) 1 (1.9) .196
Esophagitis 3 (2.7) 3 (5.2) 0 (0) .090
Chest pain 21 (18.8) 15 (25.9) 6 (11.1) .046
Nausea 12 (10.7) 7 (12.1) 5 (9.3) .631
Vomiting 3 (2.7) 2 (3.4) 1 (1.9) .601
Diarrhea 12 (10.7) 5 (8.6) 7 (13.0) .458
GPT/GOT elevation 1 (.9) 1 (1.7) 0 (0) .332
Weight loss 15 (13.4) 6 (10.3) 9 (16.7) .326

Late toxicity 16 (14.3) 13 (22.4) 3 (5.6) .011
Pneumonitis 5 (4.5) 4 (6.9) 1 (1.9) .196
Heart disease 4 (3.6) 3 (5.2) 1 (1.9) .344
Esophageal ulcer 1 (.9) 1 (1.7) 0 (0) .332
Esophageal stricture 2 (1.8) 2 (3.4) 0 (0) .169
Esophagitis 4 (3.6) 3 (5.2) 1 (1.9) .344

HD = high dose; LD = low dose; GOT = glutamic-oxaloacetic transaminase; GPT = glutamic-pyruvic transaminase.
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chemotherapy and radiotherapy with a total dose of 60 Gy should
be used as a conventional treatment for stage II–III ESCC, re-
sulting in a significantly better OS and CR rate than 50.4 Gy.
Multivariable Cox analysis confirmed that achieving an objective
remission (CR/PR) was an independent factor predicting a good
prognosis.

More than half of the world’s ECs occur in China.3 Still, no
breakthrough was made in the treatment of EC in the past
decade, mainly because the inoperable cases account for the
majority of the patients. In addition to surgery, radiotherapy is
one of the few treatments that can cure locally advanced EC.4,5

Still, controversies regarding the dose of radical radiotherapy,
the size of the radiotherapy target volume, and the standard
combination therapy impeded the standardization of the
treatment of locally advanced EC. Based on the results of
RTOG85-0112 and RGOT94-05,13 CCRT with a radical dose
of 50.0–50.4 Gy delivered to CTV became the standard
treatment for locally advanced EC. Nevertheless, because of
the differences in race and tumor pathology between Eastern
and Western patients, this approach needs to be further ex-
plored in the Chinese population. Actually, Chinese authors
claimed that ≥60 Gy radiotherapy based on precision radio-
therapy techniques like three-dimensional conformal radiation
therapy (3D-CRT) or IMRT could improve the survival rates
and disease control rates of patients with advanced EC without
significantly increasing toxicities.37-39 On the other hand, a
multicenter RCTof ESCC patients treated with CCRT showed
that a dose-escalation from 50.4 Gy to 60 Gy did not result in a
significant improvement in PFS.40 In the present study, pa-
tients treated with a dose of 60 Gy CCRT could improve ORR
(81.0% vs 66.7%, P = .083) and a significantly better CR rate
(34.5% vs 14.8%, P = .016) compared with 50.4 Gy. On the
other hand, high-dose radiotherapy also showed advantages in
improving PFS (14.0 vs 10.5 months, P = .076, HR = .703)
and OS (25.5 vs 17.5 months, P = .021, HR = .597) compared
to low-dose radiotherapy. Furthermore, the multivariable Cox
analysis revealed that achieving a positive response (PR or
CR) after CCRT independently predicted better OS (HR = .36,
P < .001) and PFS (HR = .309, P < .001). The other predictor
of poor survival was tumor length≥5 cm,whichmight be because
a part of the radiation target volume had to be sacrificed or dose to
protect organs at risks such as heart, lung, and spinal cord when
dealing with long lesions. However, the incidences of grade 3
acute chest pain (P = .046) and total late toxicity (P = .011)
associated with radiotherapy were significantly higher in the HD
group than in the LD group, but there was no lethal toxicity.
Therefore, under the same concurrent chemotherapy background,
patients with locally advanced ESCC should receive high-dose
(60 Gy) radiotherapy to improve treatment response and survival.
Still, whether higher doses (>60 Gy) of radiotherapy would in-
dicate better clinical results remains to be explored.

In addition to the adequate radical radiation dose, the
appropriate size of the radiation target volume is also a de-
terminant for an optimal radiotherapy plan. Treatment failures
directly result in poor survivals of EC, while the patterns of

treatment failure can reflect the inadequacies of the treatment
plans. Locoregional control was pivotal in improving sur-
vivals in patients with ESCC receiving CCRT.41 Elective
lymph node irradiation (ENI) was conducive to preventing
regional nodal failure and distant metastasis and reducing
locoregional and distant failure rates.42-44 A previous meta-
analysis by the authors’ group evaluating the suitable radio-
therapy targets for EC showed that ENI did not lead to superior
disease control and survival compared to involved-field ir-
radiation (IFI) but could increase the incidences of acute
radiation-related esophagitis and late pneumonia.45 Still, due
to the heterogeneity of radiotherapy doses and chemotherapy
regimens of the included studies, the meta-analysis study
could not provide a completely convincing answer as to
whether ENI or IFI is better. ENI is much more widely used in
China than IFI. The present study was conducted using ENI
and obtained an overall local recurrence rate of 59%, a re-
gional node recurrence rate of 53.3%, a locoregional failure
rate of 41%, and a distant metastasis rate of 14.3%. Local
recurrence was the most common of all failure patterns, with a
significant difference between the HD and LD groups (44.6%
vs 75.5%, P = .001), although patients with T4 disease were
significantly more frequent in the HD group. These results
precisely demonstrated the necessity of giving a sufficiently
high dose (≥60 Gy) of radiotherapy to the primary tumor,
especially to the lesion with severe local infiltration (T4).
Positive lymph metastasis (cN1-3) was an independent
prognostic factor for poor PFS (P = .019) and OS (P = .002) in
the univariable Cox analyses but not in the multivariable Cox
analysis (P = .114 and P = .073, respectively). However, due to
the high recurrence of lymph node metastasis after CCRT, we
still advocate high-dose (60 Gy) radiotherapy for metastatic
lymph nodes and low-dose (50.4 Gy) radiotherapy for elective
lymph nodes in CCRT of locally advanced EC.

NDP is an alternative to DDP and with fewer toxicities.46

NDP-based chemotherapy regimens showed positive efficacy
and tolerability in previous studies of ESCC.47-49 The regi-
mens of NDP combined with DOC or S1 were used as CCRT
and maintenance chemotherapy after CCRT in the present
study. The subgroup analysis of the HD and LD groups
demonstrated that no matter NDP was combined with DOC or
S1, significant differences in PFS and OS were not found.
Approximately 2/5 of the patients received weekly doses of
chemotherapy to weaken acute toxicity caused by one-time
high-dose administration. The toxicities were acceptable in
patients treated with CCRT, both in the HD and LD groups.
Still, the univariable Cox analyses showed that patients would
not benefit from receiving additional chemotherapy after
CCRT. Therefore, NDP-based CCRT is applicable for locally
advanced EC, but the number of cycles of chemotherapy is not
a determinant of long-term survival benefit.

There were several limitations in this study. Firstly, this single-
center study might not include a large enough sample to detect
significant differences in the clinical outcomes completely.
Secondly, it was not a rigorously designed randomized controlled
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clinical study. Therefore, the baseline clinical characteristics
between the two arms were difficult to be consistent. In addition,
radiotherapy combinedwith new therapies such as antiangiogenic
drugs and immune checkpoint inhibitors should be applied to
appropriate patients in the future to tap into the greater therapeutic
potential for inoperable locally advanced ESCC.

Conclusion

Patients with stage II–III thoracic ESCC displayed good
clinical outcomes following NDP-based CCRT. The radiation
dose of be 60 Gy for primary ESCC achieved a better clinical
prognosis. The radiation dose for primary EC and metastatic
lymph nodes could be 60 Gy to improve treatment response
and survival, especially for the lesion with severe local in-
filtration (T4). A dose of 50.4 Gy radiotherapy for elective
lymph nodes is considered safe and recommended to decrease
regional lymph metastasis.
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