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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-lll 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: | 12 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-lIl 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-lll 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,'? with an
estimated 604,100 new cases and 544,076 deaths in 2020
worldwide.> Arguably, surgery remains the preferred treat-
ment for early EC.* 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.*”’ Unfortunately, most EC
patients in China are diagnosed as locally advanced.®
Squamous cell carcinoma (SCC) is the most common
pathological type of EC and accounts for about 95% of all
cases of EC in China.” Esophageal squamous cell carcinoma
(ESCC) is considered moderately sensitive to radiation,'*"’
and radiotherapy is currently one of the few treatment mo-
dalities with definite curative effects in addition to surgery.*
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).'% 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,"% 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 2017 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
studies'>!” showed that high-dose (>60 Gy) radiation in
CCRT was safe under the premise of using modern radio-
therapy technologies. Zhang et al.'® considered that the dose-
response relationship resulted in LRC for patients with stage
II-1II EC treated with CCRT. Suh et al.'” conducted a ret-
rospective study that included 126 patients with stages II-111
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-1II 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.*>**** 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.”*>’
The combination of S-1 and DDP showed superior safety
and efficacy compared with 5-FU/DDP.**>? A phase II clinical
trial®> demonstrated that concurrent chemoradiation with S-1
and cisplatin exhibited encouraging results with pathologic
complete response. In a previous study by the authors’ group,>*
nedaplatin-based CCRT regimens as first-line treatment could
make the 3-year survival rate of patients with stage [I-IIIl 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-1II 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-1II, diagnosed according to the criteria of the
International Union Against Cancer 2009, seventh edition,>’
(3) no history of thoracic surgery or radiotherapy, (4) 2075
years of age, and (5) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score of 0-1.° 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). CTV of
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/m* NDP intravenously on day 1 plus 40 mg S-1 orally
twice daily for 2 weeks, and repeated on day 22; (ii) 35 mg/m?
NDP intravenously plus 35 mg/m* 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.
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Table |I. 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)
| 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 (%) Sl
Il 32 (28.6) I5 (25.9) 17 31.5)
11l 80 (71.4) 43 (74.1) 37 (68.5)
T stage, n (%) .029
TI 3(27) 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) Il (19.0) I (1.9)
N stage, n (%) 751
NO 16 (14.3) 7 (12.1) 9 (16.7)
NI 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)
34 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; ECOG PS = Eastern Cooperative Oncology Group performance status; NS = nedaplatin and S|; ND = nedaplatin and docetaxel.

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
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1).%

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.
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Table 2. Survival and clinical response.

Parameter Al (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) 0lé
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 (34) 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.

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-1II 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
IIT 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 CCRT with
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%) from EC 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 25 months (95% CI, 11.37-14.63) and 13 months (95% ClI,
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 the HD group and 10.5 months
(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 PFS was 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 cIl (P=.015, HR .508, 95% CI, .295-.877), cT1-3
disease (HR .468, 95% CI, .244—.895, P = .022), cNO disease
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Table 3. Analysis of the prognostic factors for OS and PFS.

Univariable Analysis Multivariable Analysis

Characteristic HR 95% ClI P HR 95% ClI P
(0N
Sex (male vs female) I.168 .687-1.985 567 - - -
Age (<70 vs 270 years) 1.406 .865-2.287 .169 - - -
ECOGPS (0 vs 1) 815 475-1.400 459 - - -
Clinical stage (cll vs clll) .508 .295-877 .015 799 .387-1.648 .543
cT stage (cTI1-3 vs cT4) 468 .244-.895 .022 .833 .398-1.747 .63
cN stage (cNO 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) 3lé .194-513 <.001 .36 213-.61 <.001
PFS
Gender (male vs female) .956 .597-1.534 .853 - - -
Age (<70 vs 270 years) 1.459 .939-2.268 .093 - - -
ECOGPS (0 vs 1) 967 .607—1.542 .889 - - -
Clinical stage (cll vs clll) 406 .244-.678 .001 .704 .36-1.378 .306
cT stage (cTI1-3 vs cT4) 0.4 .214-748 .004 .686 .339-1.387 294
cN stage (cNO 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 16l - - -
Chemotherapy cycle (2 vs 22) .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; Cl = confidence index; ECOG = Eastern Cooperative Oncology Group; PS = performance
status; CR = complete remission; PR = partial remission; SD = stable disease; PD = progressive disease.

(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 clI disease
(HR .508, 95% CI, .295-.877, P =.015), cT1-3 disease (HR

4,95% CI, .214-.748, P = .004), cNO 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
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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 SI) 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 (l16.1) 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.

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
in OS (25 vs 17 months, respectively, P =.962, Figure 3(B)) and
PFS (14 vs 9 months, respectively, P = .760, Figure 3(D)) were
observed in the LD group.
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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) I (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) I5 (25.9) 11 (20.4) 492
Pneumonia 5 (4.5) 4 (6.9) I (1.9) .196
Esophagitis 3(27) 3 (52 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(27) 2 (34) I (1.9) .601
Diarrhea 12 (10.7) 5 (8.6) 7 (13.0) 458
GPT/GOT elevation I (.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) 352 I (1.9) 344
Esophageal ulcer I (.9) 1 (1.7) 0 (0) 332
Esophageal stricture 2 (1.8) 2 (34) 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.

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 1111
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



Zhu et al.

chemotherapy and radiotherapy with a total dose of 60 Gy should
be used as a conventional treatment for stage [I-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.? 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.*>
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
RTOG85-01'* and RGOT94-05,"> 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.”’** On the other hand, a
multicenter RCT of 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.** 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, which might 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.*' Elective
lymph node irradiation (ENI) was conducive to preventing
regional nodal failure and distant metastasis and reducing
locoregional and distant failure rates.**** 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 (IFT) but could increase the incidences of acute
radiation-related esophagitis and late pneumonia.*’ 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 IF1 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.*®
NDP-based chemotherapy regimens showed positive efficacy
and tolerability in previous studies of ESCC.*’*’ 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 combined with 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.

Author Contributions

Study design: Y Zuo and XC Sun; literature review: HP Zhu and J
Jiang; provision of patients and implementation of treatment: XL Lu,
JF Lu, and Y Zuo; collection and assembly of data: HP Zhu and XL Lu;
statistical analysis of data: HP Zhu and XC Sun; manuscript writing: all
authors; and final approval of manuscript: Y Zuo and XC Sun.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

This study was supported by grants from the Zhangjiagang City
Science and Technology Support Program (Social Development)
(#ZKS1816).

Patient Consent for Publication

The requirement for informed consent was exempted by the board
due to the retrospective nature of the study. Data and associated
images and all identifying patient data were removed.

Ethical Statement

This study was approved by the Medical Ethics Review Committee of
the Affiliated Zhangjiagang Hospital of Soochow University
(#201901-KS001). The requirement for informed consent was ex-
empted by the board due to the retrospective nature of the study.

Data Availability

The datasets used and analyzed during the current study are available
from the corresponding author on reasonable request.

ORCID iD
Yun Zuo @ https://orcid.org/0000-0001-6946-9614

References

1. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer incidence
and mortality rates and trends—an update. Cancer Epidemiol
Biomarkers Prev. 2016;25(1):16-27. doi:10.1158/1055-9965.EPI-
15-0578.

2. DiPardo BJ, Bronson NW, Diggs BS, et al. The global burden of
esophageal cancer: A disability-adjusted life-year approach.
World J Surg. 2016;40(2):395-401. doi:10.1007/s00268-015-
3356-2.

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A, et al. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin. 2021;71(3):209-249. doi: 10.
3322/caac.21660.

4. Lordick F, Mariette C, Haustermans K, Obermannova R, Arnold
D, Committee EG. Oesophageal cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2016;27(suppl 5):v50-v57. doi:10.1093/annonc/mdw329

5. Ajani JA, D’Amico TA, Bentrem DJ, et al. NCCN Clinical
Practice Guildelines in Oncology (NCCN Guidelines), Esoph-
ageal and Esophagogastric Junction Cancers. Version 4.2021.
3025 Chemical Road, Suite 100, Plymouth Meeting, PA 19462:
National Comprehensive Cancer Network; 2021.

6. Miyata H, Yamasaki M, Kurokawa Y, et al. Survival factors in
patients with recurrence after curative resection of esophageal
squamous cell carcinomas. Ann Surg Oncol. 2011;18(12):
3353-3361. doi:10.1245/s10434-011-1747-7

7. Oppedijk V, van der Gaast A, van Lanschot JJ, et al. Patterns of
recurrence after surgery alone versus preoperative chemo-
radiotherapy and surgery in the CROSS trials. J Clin Oncol.
2014;32(5):385-391. doi:10.1200/JC0O.2013.51.2186

8. Chen W, Sun K, Zheng R, et al. Cancer incidence and mortality
in China, 2014. Chin J Cancer Res. 2018;30(1):1-12. doi:10.
21147/5.issn.1000-9604.2018.01.01

9. Cohen DJ, Ajani J. An expert opinion on esophageal cancer
therapy. Expert Opin Pharmacother. 2011;12(2):225-239. doi:
10.1517/14656566.2010.517748

10. Peters LJ. The ESTRO regaud lecture. Inherent radiosensitivity
of tumor and normal tissue cells as a predictor of human tumor
response. Radiother Oncol. 1990;17(3):177-190. doi:10.1016/
0167-8140(90)90202-8

11. Cosset JM, Moustacchi E. [Tumor and individual radiosensi-
tivity. An introduction]. Cancer Radiother. 1998;2(5):523-529.
doi:10.1016/s1278-3218(98)80067-x

12. Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of
locally advanced esophageal cancer: long-term follow-up of a
prospective randomized trial (RTOG 85-01). Radiation Therapy
Oncology Group. JAMA. 1999;281(17):1623-1627. doi:10.
1001/jama.281.17.1623

13. Minsky BD, Pajak TF, Ginsberg RJ, et al. INT 0123 (Radiation
Therapy Oncology Group 94-05) phase III trial of combined-
modality therapy for esophageal cancer: high-dose versus
standard-dose radiation therapy. J Clin Oncol. 2002;20(5):
1167-1174. doi:10.1200/JC0O.2002.20.5.1167


https://orcid.org/0000-0001-6946-9614
https://orcid.org/0000-0001-6946-9614
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1007/s00268-015-3356-2
https://doi.org/10.1007/s00268-015-3356-2
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1093/annonc/mdw329
https://doi.org/10.1245/s10434-011-1747-7
https://doi.org/10.1200/JCO.2013.51.2186
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1517/14656566.2010.517748
https://doi.org/10.1016/0167-8140(90)90202-8
https://doi.org/10.1016/0167-8140(90)90202-8
https://doi.org/10.1016/s1278-3218(98)80067-x
https://doi.org/10.1001/jama.281.17.1623
https://doi.org/10.1001/jama.281.17.1623
https://doi.org/10.1200/JCO.2002.20.5.1167

Zhu et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Chen Y, Zhu HP, Wang T, et al. What is the optimal radiation
dose for non-operable esophageal cancer? Dissecting the evi-
dence in a meta-analysis. Oncotarget. 2017;8(51):89095-89107.
doi:10.18632/oncotarget. 18760

Luo HS, Huang HC, Lin LX. Effect of modern high-dose versus
standard-dose radiation in definitive concurrent chemo-
radiotherapy on outcome of esophageal squamous cell can-
cer: a meta-analysis. Radiat Oncol. 2019;14(1):178. doi:10.
1186/s13014-019-1386-x

Sun X, Wang L, Wang Y, et al. High vs. low radiation dose of
concurrent chemoradiotherapy for esophageal carcinoma with
modern radiotherapy techniques: A meta-analysis. Front Oncol.
2020;10:1222. doi:10.3389/fonc.2020.01222

Xiao L, Czito BG, Pang Q, et al. Do higher radiation doses with
concurrent chemotherapy in the definitive treatment of esophageal
cancer improve outcomes? A meta-analysis and systematic re-
view. J Cancer. 2020;11(15):4605-4613. doi:10.7150/jca.44447
Zhang Z, Liao Z, Jin J, et al. Dose-response relationship in
locoregional control for patients with stage II-III esophageal
cancer treated with concurrent chemotherapy and radiotherapy.
Int J Radiat Oncol Biol Phys.2005;61(3):656-664. doi:10.1016/
j-1jrobp.2004.06.022

Suh YG, Lee 1J, Koom WS, et al. High-dose versus standard-
dose radiotherapy with concurrent chemotherapy in stages II-I1I
esophageal cancer. Jpn J Clin Oncol. 2014;44(6):534-540. doi:
10.1093/jjco/hyu047

Herskovic A, Martz K, al-Sarraf M, et al. Combined chemo-
therapy and radiotherapy compared with radiotherapy alone in
patients with cancer of the esophagus. N Engl J Med. 1992;
326(24):1593-1598. doi:10.1056/NEJM199206113262403
Suntharalingam M, Moughan J, Coia LR, et al. The national
practice for patients receiving radiation therapy for carcinoma of
the esophagus: results of the 1996-1999 patterns of care study.
Int J Radiat Oncol Biol Phys. 2003;56(4):981-987. doi:10.1016/
$0360-3016(03)00256-6

Hsu CH, Yeh KH, Lui LT, et al. Concurrent chemoradiotherapy
for locally advanced esophageal cancer—a pilot study by using
daily low-dose cisplatin and continuous infusion of 5-fluoro-
uracil. Anticancer Res. 1999;19(5C):4463-4467.

TuL, SunL, Xu', et al. Paclitaxel and cisplatin combined with
intensity-modulated radiotherapy for upper esophageal carci-
noma. Radiat Oncol. 2013;8:75. doi:10.1186/1748-717X-8-75
Zhu HT, Ai DS, Tang HR, et al. Long-term results of paclitaxel
plus cisplatin with concurrent radiotherapy for loco-regional
esophageal squamous cell carcinoma. World J Gastroenterol.
2017;23(3):540-546. doi:10.3748/wjg.v23.i3.540

Zhao T, Chen H, Zhang T. Docetaxel and cisplatin concurrent
with radiotherapy versus S-fluorouracil and cisplatin concurrent
with radiotherapy in treatment for locally advanced oesophageal
squamous cell carcinoma: a randomized clinical study. Med Oncol.
2012;29(5):3017-3023. doi:10.1007/s12032-012-0228-6

Liu Q, Xia Y, Chen Y, Zhang J, Deng J, Zhao K. A study of
concurrent chemoradiotherapy with weekly docetaxel and
cisplatin for advanced esophageal squamous cell carcinoma
with T4 and/or M1 lymph node metastasis or locoregional

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

recurrence. Radiat Oncol. 2020;15(1):75. doi:10.1186/s13014-
020-01518-2

Takeuchi M, Kawakubo H, Mayanagi S, et al. The Benefits of
docetaxel plus cisplatin and 5-fluorouracil induction therapy in
conversion to curative treatment for locally advanced esopha-
geal squamous cell carcinoma. World J Surg. 2019;43(8):
2006-2015. doi:10.1007/s00268-019-05000-3

Yoon DH, Jang G, Kim JH, et al. Randomized phase 2 trial of S1
and oxaliplatin-based chemoradiotherapy with or without induction
chemotherapy for esophageal cancer. Int J Radiat Oncol Biol Phys.
2015;91(3):489-496. doi:10.1016/j.ijrobp.2014.11.019

Qiu X, Li J, Zhou H, et al. Concurrent chemoradiotherapy with
raltitrexed and nedaplatin regimen for esophageal squamous cell
carcinoma. Medicine (Baltimore). 2020;99(4):¢18732. doi:10.
1097/MD.0000000000018732

Koizumi W, Narahara H, Hara T, et al. S-1 plus cisplatin versus
S-1 alone for first-line treatment of advanced gastric cancer
(SPIRITS trial): a phase III trial. Lancet Oncol. 2008;9(3):
215-221. doi:10.1016/S1470-2045(08)70035-4

Ajani JA, Buyse M, Lichinitser M, et al. Combination of
cisplatin/S-1 in the treatment of patients with advanced gastric or
gastroesophageal adenocarcinoma: Results of noninferiority and
safety analyses compared with cisplatin/S-fluorouracil in the
first-line advanced gastric cancer study. Fur J Cancer. 2013;
49(17):3616-3624. doi:10.1016/j.ejca.2013.07.003

Bodoky G, Scheulen ME, Rivera F, et al. Clinical benefit and
health-related quality of life assessment in patients treated with
cisplatin/S-1 versus cisplatin/5-FU: Secondary end point results
from the first-line advanced gastric cancer study (FLAGS). J
Gastrointest Cancer. 2015;46(2):109-117. doi:10.1007/s12029-
014-9680-1

Chang H, Shin SK, Cho BC, et al. A prospective phase II trial of
S-1 and cisplatin-based chemoradiotherapy for locoregionally
advanced esophageal cancer. Cancer Chemother Pharmacol.
2014;73(4):665-671. doi:10.1007/s00280-013-2371-y

Zhu H, Ge X, Lu Y, et al. Nedaplatin-based chemotherapy
regimens combined with concurrent radiotherapy as first-line
treatment for stage II-III esophageal squamous cell carcinoma.
Oncol Lett. 2019;17(1):594-602. doi:10.3892/01.2018.9564
Rice TW, Blackstone EH, Rusch VW. 7th edition of the AJCC
cancer staging manual: Esophagus and esophagogastric junc-
tion. Ann Surg Oncol. 2010;17(7):1721-1724. doi:10.1245/
s10434-010-1024-1

West HJ, Jin JO. JAMA oncology patient page. Performance
status in patients with cancer. JAMA Oncol. 2015;1(7):998. doi:
10.1001/jamaoncol.2015.3113

Chang CL, Tsai HC, Lin WC, et al. Dose escalation intensity-
modulated radiotherapy-based concurrent chemoradiotherapy is
effective for advanced-stage thoracic esophageal squamous cell
carcinoma. Radiother Oncol.2017;125(1):73-79. doi:10.1016/j.
radonc.2017.08.025

Song T, Liang X, Fang M, Wu S. High-dose versus
conventional-dose irradiation in cisplatin-based definitive
concurrent chemoradiotherapy for esophageal cancer: A sys-
tematic review and pooled analysis. Expert Rev Anticancer


https://doi.org/10.18632/oncotarget.18760
https://doi.org/10.1186/s13014-019-1386-x
https://doi.org/10.1186/s13014-019-1386-x
https://doi.org/10.3389/fonc.2020.01222
https://doi.org/10.7150/jca.44447
https://doi.org/10.1016/j.ijrobp.2004.06.022
https://doi.org/10.1016/j.ijrobp.2004.06.022
https://doi.org/10.1093/jjco/hyu047
https://doi.org/10.1056/NEJM199206113262403
https://doi.org/10.1016/s0360-3016(03)00256-6
https://doi.org/10.1016/s0360-3016(03)00256-6
https://doi.org/10.1186/1748-717X-8-75
https://doi.org/10.3748/wjg.v23.i3.540
https://doi.org/10.1007/s12032-012-0228-6
https://doi.org/10.1186/s13014-020-01518-2
https://doi.org/10.1186/s13014-020-01518-2
https://doi.org/10.1007/s00268-019-05000-3
https://doi.org/10.1016/j.ijrobp.2014.11.019
https://doi.org/10.1097/MD.0000000000018732
https://doi.org/10.1097/MD.0000000000018732
https://doi.org/10.1016/S1470-2045(08)70035-4
https://doi.org/10.1016/j.ejca.2013.07.003
https://doi.org/10.1007/s12029-014-9680-1
https://doi.org/10.1007/s12029-014-9680-1
https://doi.org/10.1007/s00280-013-2371-y
https://doi.org/10.3892/ol.2018.9564
https://doi.org/10.1245/s10434-010-1024-1
https://doi.org/10.1245/s10434-010-1024-1
https://doi.org/10.1001/jamaoncol.2015.3113
https://doi.org/10.1016/j.radonc.2017.08.025
https://doi.org/10.1016/j.radonc.2017.08.025

Dose-Response: An International Journal

39.

40.

41.

42.

43.

Ther. 2015;15(10):1157-1169. doi:10.1586/14737140.2015.
1074041

Chiu PW, Chan AC, Leung SF, et al. Multicenter prospective
randomized trial comparing standard esophagectomy with
chemoradiotherapy for treatment of squamous esophageal
cancer: Early results from the Chinese University Research
Group for Esophageal Cancer (CURE). J Gastrointest Surg.
2005;9(6):794-802. doi:10.1016/j.gassur.2005.05.005

Xu 'Y, Zhu W, Zheng X, et al. A multi-center, randomized, pro-
spective study evaluating the optimal radiation dose of definitive
concurrent chemoradiation for inoperable esophageal squamous
cell carcinoma. J Clin Oncol. 2018;36(15_suppl 1):4013.

Kim HW, Kim JH, Lee 1J, et al. Local control may be the key in
improving treatment outcomes of esophageal squamous cell
carcinoma undergoing concurrent chemoradiation. Digestion.
2014;90(4):254-260. doi:10.1159/000368983

Yamashita H, Okuma K, Wakui R, Kobayashi-Shibata S, Oh-
tomo K, Nakagawa K. Details of recurrence sites after elective
nodal irradiation (ENI) using 3D-conformal radiotherapy (3D-
CRT) combined with chemotherapy for thoracic esophageal
squamous cell carcinoma—a retrospective analysis. Radiother
Oncol. 2011;98(2):255-260. doi:10.1016/j.radonc.2010.10.021
Hsu FM, Lee JM, Huang PM, et al. Retrospective analysis of
outcome differences in preoperative concurrent chemoradiation
with or without elective nodal irradiation for esophageal

44,

45.

46.

47.

48.

49.

squamous cell carcinoma. Int J Radiat Oncol Biol Phys. 2011;
81(4):€593-9. doi:10.1016/].ijrobp.2011.04.032

Onozawa M, Nihei K, Ishikura S, et al. Elective nodal irradiation
(ENI) in definitive chemoradiotherapy (CRT) for squamous cell
carcinoma of the thoracic esophagus. Radiother Oncol. 2009;
92(2):266-269. doi:10.1016/j.radonc.2008.09.025

Zhu H, Pan W, Chen Y, Chen H, Zuo Y, Sun X. What is the
optimal radiotherapy target size for non-operable esophageal
cancer? A meta-analysis. Oncol Res Treat. 2019;42(9):470-479.
doi:10.1159/000501594

Hartmann JT, Lipp HP. Toxicity of platinum compounds. Expert
Opin Pharmacother. 2003;4(6):889-901. doi:10.1517/14656566.4.
6.889

Zhang F, Wang Y, Wang ZQ, et al. Efficacy and safety of cisplatin-
based versus nedaplatin-based regimens for the treatment of
metastatic/recurrent and advanced esophageal squamous cell
carcinoma: a systematic review and meta-analysis. Dis Esopha-
gus. 2017;30(2):1-8. doi:10.1111/dote.12490

Xu RH, Shi YX, Guan ZZ, et al. [Phase II clinical trial of home-
produced Nedaplatin in treating advanced esophageal carci-
noma). Ai Zheng. 2006;25(12):1565-1568.

Ohnuma H, Sato Y, Hayasaka N, et al. Neoadjuvant chemo-
therapy with docetaxel, nedaplatin, and fluorouracil for re-
sectable esophageal cancer: A phase 1l study. Cancer Sci. 2018;
109(11):3554-3563. doi:10.1111/cas.13772


https://doi.org/10.1586/14737140.2015.1074041
https://doi.org/10.1586/14737140.2015.1074041
https://doi.org/10.1016/j.gassur.2005.05.005
https://doi.org/10.1159/000368983
https://doi.org/10.1016/j.radonc.2010.10.021
https://doi.org/10.1016/j.ijrobp.2011.04.032
https://doi.org/10.1016/j.radonc.2008.09.025
https://doi.org/10.1159/000501594
https://doi.org/10.1517/14656566.4.6.889
https://doi.org/10.1517/14656566.4.6.889
https://doi.org/10.1111/dote.12490
https://doi.org/10.1111/cas.13772

	Radiotherapy Combined With Concurrent Nedaplatin-Based Chemotherapy for Stage II–III Esophageal Squamous Cell Carcinoma
	Introduction
	Methods
	Patients
	Radiotherapy Regimen
	Chemotherapy Regimen
	Data Collection and Definition
	Statistical Analysis

	Results
	Characteristics of the Patients
	Follow-Up and Survival
	Response to Treatment
	Univariable and Multivariable Analysis for Factors Affecting OS and PFS
	Subgroup Analysis of OS and PFS
	Treatment Failure Patterns
	Grade ≥3 Toxicities

	Discussion
	Conclusion
	Author Contributions
	Declaration of Conflicting Interests
	Funding
	Patient Consent for Publication
	Ethical Statement
	Data Availability
	ORCID iD
	References


