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Abstract: Here the research was designed to evaluate the safety and efficacy of weekly docetaxel and nedaplatin
(DN) versus docetaxel and cisplatin (DP) when given concurrently with intensity-modulated radiotherapy (IMRT) in
locally advanced esophageal carcinoma (EC). From January 2012 to January 2015, 71 patients were enrolled and
randomly assigned to the DP group or the DN group. The two groups were both administered with IMRT at a single
dose of 2 Gy/F per week for 5 days, 58-60 Gy totally. The DP regimen group was treated with 25 mg/m2 docetaxel
on day 1 and 25 mg/m2 cisplatin (DDP) on day 2. In the DN regimen group, 25 mg/m2 docetaxel was administered
on day 1 and 25 mg/m2 nedaplatin (NDP) on day 2. The results showed that there were no significant differences
between the two groups in progression-free survival (PFS) (23.1% vs. 18.8%, P=0.541) or 2-year overall survival (OS)
(41.4% vs. 37.5%, P=0.575). The median survival time of living patients was 18 months (95% CI, 11.131-24.869
months)in the DN group and 16 months in the DP group (95% CI, 10.456-21.544 months) (P>0.05). The main
hematological toxicity was leukocytopenia, which affected 82.1% and 59.4% of the DN and DP groups, respectively
(P=0.035). Non-hematological toxicities, such as gastrointestinal toxicity, occurred in 30.8% and 50.6% of the DN
and DP groups, respectively (P=0.031). In conclusion, we initially found that IMRT concomitant with a DN regimen
was a feasible alternative to DP, performed well, and was a beneficial treatment for EC.
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Introduction
EC as a malignant tumor remains a “formidable
foe” for physicians and patients, systemic therapies such as surgery, radiotherapy, chemotherapy and more are increasingly sophisticated, leading us closer to victory in constant
exploration. In China, the most common histological subtype is squamous cell carcinoma,
with over 480,000 new cases and 400,000
deaths annually [1, 2]. When the tumor is confined to the esophagus and the person’s physical condition is suitable for major surgery,
surgical resection is the preferred treatment.
However, the overall survival (OS) remains very
poor even after radical surgery, and approximately 75% of treated patients succumb to
loco-regional recurrence [3, 4]. Previous stud-

ies have shown that patients with advanced EC
after radiotherapy (RT) alone have a 5-year survival rate of only 8-17% [5]. Therefore, radical
synchronized chemoradiotherapy has become
an important treatment measure for locally
advanced esophageal cancer [6].
In the past few years, intensity-modulated
radiotherapy (IMRT) have been all-around application and become one of the criteria for cancer radiotherapy. The implementation of IMRT
allows the target volumes to achieve the formulate dose while reduce the dose of normal
structures. Some trials have proved the superiority of concurrent chemoradiotherapy (CCRT)
over RT alone in local EC patients [7]. Currently,
chemotherapeutic drugs consist of DDP, NDP,
5-fluorouracil (5-FU), paclitaxel, docetaxel and
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vindesine have been certified to treat EC in
Japan. A number of recent studies have produced encouraging results using a regimen of
DP concurrent with RT to treat EC patients
[8-10], but the risk of gastrointestinal, hematological, and renal toxicity associated with DPbased regimens limits their use. Cis-diammineglycolatoplatinum (nedaplatin, NDP), a second-generation platinum complex, is almost 10
times as soluble in water as cisplatin (DPP),
exhibiting higher activity against certain solid
tumors as well as lower nephrotoxicity and
gastrointestinal toxicity [11-13]. Kobayashi H
et al. [7] have found the cisplatin-resistant
human leukemia cell lines was responsive to
nedaplatin (1.0-fold) as parental cells, which
had 10-fold resistance to DDP [14, 15] showing
that NDP may be applied to patients who resistance to DDP. Recent studies have found that
NDP‑based chemotherapy has been effective
to numerous cancers, involving non‑small cell
lung cancer, EC, uterine cervix, or head and
neck [16] and demonstrated that patients with
unresectable or advanced esophageal cancer
achieved good results using DN as second-line
combination chemotherapy [17]. Docetaxel,
which proved single-agent activity in metastatic
or recurrent EC has the function of stabilizing
the microtubules as well as inhibiting mitosis,
performed the different mechanism from NDP.
Thus, we combined docetaxel and nedaplatin
to achieve the purpose of satisfying anti-tumor
effect with non-overlapping toxicological traits.
Nevertheless, the regimen of docetaxel and
nedaplatin is not commonly used at present
and few reporters evaluating the efficacy and
toxicity of CCRT, simultaneously, there have
been no large studies comparising the weekly
DP versus DN combined with IMRT for locally
advanced esophageal cancer. Therefore, we
conduct this study to investigate the efficacy
and safety of the DN regimen and compared
the two regimens.
Patients and methods
Patients
From January 2012 to January 2015 at Department of Radiation Oncology of the Qianfoshan Hospital, a total of 71 histologically
diagnosed cases of ESCC patients included in
this study. The patients were staged according
to the 6th edition of the TNM staging system of
the American Joint Committee on Cancer [18].
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The agreement was approved by the Institutional Review Board which taking part.
All the enrolled patients met the following criteria: (1) histologically or pathologically confirmed
locally advanced esophageal cancer that cannot undergo surgery or refuse to perform surgery; (2) Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 to 2; (3)
previously untreated, had not received radiotherapy or chemotherapy before, no obviously
related contraindications; (4) no other malignancy; (5) the use of the Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.1
[19] criteria to evaluate esophageal tumors
that are measurable or assessable; (6) adequate bone marrow function (hemoglobin count greater than or equal to 9 g/dl, white blood
cell level not less than 4,000/mm3, neutrophil
count greater than or equal to 1,500/mm3, and
platelet count greater than 100,000/mm3), hepatic function (aspartate aminotransferase,
alanine aminotransferase, and alkaline phosphatase levels no higher than the normal upper limit of 2.5-fold and a total bilirubin level less than or equal to 1.5 mg/dl), and renal function (serum creatinine level not higher than 1.5
mg/dl) [20]; (7) evaluation of cardiac function
by electrocardiography and echocardiography
within acceptable limits; (8) expected survival
for three months or more; (9) willingness to provide written informed consent.
Exclusion criteria include: (1) accept other drug
tests or acquiring anti-tumor therapy within 4
weeks; (2) other serious complications that
made the treatment course cannot be completed; (3) pregnant or lactating women.
Treatment
Chemotherapy: All enrolled patients received
chemoradiotherapy. The DP regimen group was
treated with 25 mg/m2 docetaxel on day 1 and
25 mg/m2 DPP on day 2 starting the first week
of RT. Irradiation was performed only for primary tumors and positive lymph nodes, and no
lymph node selection was applied. In the DN
regimen group, 25 mg/m2 docetaxel was
administered on day 1 and 25 mg/m2 NDP on
day 2 concurrently with IMRT. Docetaxel infusion took more than 1 hour, followed by NDP,
which was also administered over 1 hour. All
patients were given the appropriate drug for
pretreatment 30 min before chemotherapy to
prevent hypersensitivity reactions.
Int J Clin Exp Med 2018;11(8):8382-8391

Chunhui Lu et al: therapy for locally advanced esophageal carcinoma
Assessment criteria

Table 1. Patient characteristics
Characteristic
Age
Median
Range
Sex
Male
Female
ECOG performance status
0
1
2
Tumor location
Upper thorax
Middle thorax
Lower thorax
Clinical stage
II
III

DN (n=39) DP (n=32)

X
1.102
2

P-value
0.247

Response was assessed using
RECIST criteria (Auperin A et al.
60.6±5.1 61.8±4.3
2010) as follows: (1) Complete
45-70
52-70
response (CR) represented the
0.015 0.904
total disappearance of all clini30 (76.9) 25 (78.1)
cally detectable target cancer for
more than 4 weeks; (2) Partial
9 (23.0)
7 (21.9)
response (PR) indicated that the
0.848 0.654
sum of the longest diameters of
22 (56.4) 19 (59.4)
the original target lesion was
16 (41.0) 13 (40.6)
reduced by at least 50% based
1 (2.6)
0 (0)
on the total of each partial
0.869 0.648
lesion’s longest diameter; (3) The
9 (23.1)
5 (15.6)
objective response rate (ORR)
28 (71.8) 26 (81.3)
was defined as complete res2 (5.1)
1 (3.1)
ponse (CR) and partial response
(PR), (CR+PR). The duration from
1.811 0.178
the date of initiation of chemo22 (56.4) 23 (71.9)
therapy to the last follow-up or
17 (43.6)
9 (28.1)
progressive disease (PD) was
DN, refers to Docetaxel and nedaplatin; DP, refers to Docetaxel and cisplatin.
considered PFS. OS time is the
duration from chemotherapy iniRT planning for IMRT: RT was performed ustiation until the patient died or the last following a 6 MV linear accelerator (TRUEBEAB
up. OS and PFS were analyzed using the
VARIAN), which emits a photon beam from a linKaplan-Meier method, and the log-rank test
ear accelerator or a microelectronic accelerawas applied to evaluate differences in longertor with a single dose of 2 Gy/F per week for 5
survival patients. The follow-up period lasted
days, from the first day of the first cycle of chefor 10 years. Early toxicities referred to those
motherapy. Individual patients received comoccurring within three months after the compleputed tomography (CT) scanning performed at
tion of the chemotherapy. The severity of whole
0.2-cm-thick slices. Gross tumor volume (GTV)
toxicities related to chemotherapy and radiaincluded the primary tumor lesion and any
tion was assessed in accordance with the
nodal metastases visualized by CT and upper
National Cancer Institute Common Terminology
gastrointestinal endoscopy. Nodes with one or
Criteria for Adverse Events (version 3.0) grading
more of the following characteristics were consystem and the Radiation Therapy Oncology
sidered involved: a short axis greater than or
Group/European Organization for Research
equal to 10 mm, lymphatic distribution of clusand Treatment of Cancer criteria [23, 24]. The
ters, and the edge of the infiltration or lymph
toxicity symptoms that were evaluated during
node center necrosis. The clinical target voltreatment included anemia, leukocytopenia,
ume (CTV) consisted of a 3-D extension of 2-3
gastrointestinal problems, esophagitis and othcm in the cephalad and caudal directions from
ers. To evaluate the therapeutic effect and
the total target volume while expanding the
tumor recurrence, serum tumor markers were
edge 0.8-1.0 cm in the lateral and anteroposteused as follows: carcinoembryonic antigen,
rior directions. The planning target volume was
squamous cell carcinoma-associated antigen
on the basis of the above-mentioned CTV,
[SCC], cytokeratin 19 fragment [CYFRA] and
extending 2 cm on the longitudinal axis and the
p53 antibody. The time of the assay was after
horizontal axis with a 0.5 cm margin [21]. The
the end of each month of treatment [25-27].
total dose applied to the spinal cord was not
more than 45 Gy, and the dose constraints for
Statistical analysis
lung tissue were a mean of 17 Gy and a V20
The statistical analysis was performed using
dose of 30%. The maximum dose tolerated by
SPSS for Windows, version 22.0 (SPSS, Chicathe esophagus did not exceed 58 Gy and 60 Gy
for the circumference [22].
go, IL, USA). The X2 test or Fisher’s exact test
8384
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Table 2. Toxicities

Anemia
Leukocytopenia
Neutropenia
Thrombopenia
Gastrointestinal
Esophagitis
Pneumonitis

I
10
12
13
9
6
14
7

DN group
II
III
2
1
10
7
11
4
3
5
4
2
12
1
2
1

IV
0
3
2
2
0
0
0

Incidence
28.2
82.1
76.9
48.7
30.8
69.2
25.6

I
8
9
9
6
7
12
6

DP group
II
III
2
5
6
3
5
2
2
0
4
5
8
2
2
1

IV
2
1
1
0
2
1
1

Incidence

P

Pa

53.1
59.4
53.1
25.0
56.3
71.9
31.3

0.033
0.035
0.035
0.041
0.031
0.808
0.601

0.029
0.166
0.690
0.034
0.035
0.216
0.442

Pa-values were calculated using the chi-squared test to compare grade 3-4 toxicities between the DP and DN patient groups.

Results

Table 3. The responses to treatment
Response Status
PFS (SD)
N
Y
PFS (PD)
N
Y
RR (CR)
N
Y
RR (PR)
N
Y

DN (n=39) DP (n=32)
28 (71.8)
11 (28.2)

X
P-value
0.092 0.761
2

Patients characteristics

24 (75)
8 (25)

Between January 2012 and January 2015,
137 ESCC patients participated in this
0.174 0.676
study. We excluded 48 patients (35%) who
37 (94.9) 31 (96.9)
accepted chemotherapy regimens other
2 (5.1)
1 (3.1)
than DP or DN or who used other anti-can0.478 0.489
cer agents, as well as the one who refuse
to participate in the study. In addition, we
29 (74.4) 26 (81.3)
excluded 18 (13.1%) patients who could
10 (25.6) 6 (18.8)
not finish the entire chemotherapy period.
0.748 0.387
The remaining 71 patients were enrolled in
12 (30.8) 13 (40.6)
this study. The cohort’s demographic and
27 (69.2) 19 (59.4)
clinical characteristics are listed in Table
1. Of the 71 patients in the cohort, the DN
was applied to calculate statistical significanregimen was performed in 54.9% (n=39) of
patients, whereas the DP regimen was used
ce between categorical variables, and the asconcurrently in 45.1% (n=32) of patients. Fortysociation between the two sets of data were
five patients were stage II, and 26 patients
assessed by Pearson correlation analysis. The
were stage III. Patients in the trial both showed
Commonly used toxicity criteria (version 3.0)
a tolerable ECOG performance status for treatwere used to assess graded toxicity. Overall
ment. All the enrolled patients had comparable
survival rate was calculated from the initial
characteristics, and there were no significant
time of therapy making the use of Kaplan-Meidifferences in age (p=0.247), sex (p=0.904),
er method, and the log-rank test was used to
disease stage (p=0.178) or other characterisevaluate the differences among the survivtics (P>0.05).
al curves. All P-values were two-tailed, and
P<0.05 represented a statistically significant
Treatment delivery
difference.
All 71 patients received 4-6 weeks of DP or DN
Follow-up
treatment. RT was given at a dose of 2 Gy/F, 5
days per week, DT58-60 Gy.
All enrolled patients were followed up every
three months for the first three years of treToxicity
atment and every six months thereafter. The
relevant auxiliary examinations included phyIn the treatment period, hematological toxicity
sical examinations, complete blood count, sewas evaluated every week. Common adverse
rum chemistry, chest CT, and barium esophreactions are listed in Table 2. Among the
hematologic toxicities associated with treatagography.
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ferences in 2-year OS (41.4%
vs. 37.5%, P=0.575) or PFS
(23.1% vs. 18.8%, X2=0.427,
P=0.541) between the two
groups (Figures 1, 2). Among
the 71 patients, 16 cases of
CRs and 46 cases of PRs
were confirmed. By the end of
the first year, 35 patients had
died: 21 cases because of
disease progression, 12 cases from other complications,
and 2 cases from sudden
death.
Discussion
Esophageal cancer is considered to be one of the most
common malignancies among people in China. Although
the standard treatment for
Figure 1. Kaplan-Meier analysis of overall survival (OS) times among patients
esophageal cancer is surgical
treated with DN or DP regimen. MST, median survival time; DP, cisplatin; DN,
excision, unfortunately, most
nedaplatin.
patients with EC are found at
the advanced stage due to a
ment, the most common was leukocytopenia.
variety of factors, missing the opportunity of
surgery. For patients without surgical indicaSix patients in the DN group experienced grations, radiotherapy alone or concurrent radiode 3/4 neutropenia, whereas it affected ththerapy and chemotherapy is preferred to be a
ree patients in the DP group (15.4% vs. 9.4%,
possible cure.
P=0.690). Thrombopenia occurred in 48.7%
and 25.0% of the DN and DP groups, respecRadiotherapy is one of the main treatments for
tively (P=0.041). Non-hematological toxicities,
esophageal cancer, especially for locally adfor instance, gastrointestinal toxicity, esophavanced patients who are unable to undergo surgitis, and radiation pneumonia, observed in
gery or have contraindications to surgery. In
this study are also listed in Table 2. Two and
some countries have recommended concurrseven patients experienced grade 3-4 gastroent chemotherapy with radiotherapy as a stanintestinal toxicity in the DN and DP groups,
dard treatment for locally advanced EC. In adrespectively (5.1% vs. 21.9%, P=0.035). Gasdition, there were three other prospective studtrointestinal toxicity was more common in the
ies have shown that radiotherapy combined
DP group (18/32 vs. 12/39, P=0.031). Likewith chemotherapy showed radio-sensitization
wise, grade 3-4 esophagitis and radiation pneffects that can improve overall survival and
eumonia had no significant differences beenhance local control rate compared with ratween the DN and DP groups (1/39 vs. 3/32
diotherapy alone [28]. As mentioned earlier in
and 1/39 vs. 2/32, respectively, P>0.05).
this article, studies have shown that a number
of recent studies have produced encouraging
Tumor responses
results using a regimen of DP concurrent with
Table 3 shows the responses to treatment. As
RT to treat EC patients. As well, recent trails
shown, the overall tumor response rate was
have proved that the combination-chemothera87.3% (78.1-94.9%), and the median follow-up
py regimen of nedaplatin and docetaxel for
time was 29.0 months (range, 3-58 months). In
refractory EC patients obtained good results
[29-32]. NDP, as a derivative of DPP, has identithe DN group, the median survival time (MST)
cal amine carrier ligands, but its leaving group
was 18 months, and in the DP group it was 16
of glycolate binds to platinum ions as a bidenmonths (P>0.05). There were no significant dif8386
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Figure 2. Kaplan-Meier curves of progression-free
among patients treated with DN or DP regimen.

tate ligand to form a five-ring structure, resulting in differences from DPP, so we can infer that
it may shows relatively low toxicity (e.g., gastrointestinal toxicity, neurotoxicity, and nephrotoxicity) compared to DPP. Moreover, NDP does
not require renal hydration and has high bioavailability [33]. However, there was a lack of
analysis comparing the combination of NDP
with the combined-modality of DDP on EC
patients. Therefore, our study truly fills the gap
above-mentioned and first found that although
there is no significant benefit survival of DN
regimen-synchronized IMRT for local advanced
esophageal cancer compared with DP, with
similar efficacy in OS and PFS between the two
groups, what we delighted is that more patients
in the DN group completed the full courses of
CCRT, mainly because of the lower risk of anemia and gastrointestinal toxicities.
This study found that patients receiving DN
did not exhibit significantly better OS or PFS
than patients receiving DP. In total, 18 patients died within 1 year, and 10 patients survived for over 5 years without disease recurrence. The 1-year OS, 2-year OS and PFS rates
were 51.2%, 41.4% and 23.1%, respectively, in
the DN group and 46.9%, 37.5% and 18.8%,
respectively, in the DP group (P>0.05). During
the treatment period, grade 3/4 hematological
8387

and non-hematological toxicity was reviewed, with 2.6%
and 21.9% of the DN group
and DP groups, respectively, experiencing anemia (P=
0.029) and 5.1% and 21.9%,
respectively, experiencing gastrointestinal side effects
(P=0.035). One case of grade 3-4 radiation pneumonitis
occurred in the DN group,
whereas 6.3% of the DP group experienced grade 3-4
events. At the same time,
we observed a high incidence
of grade 1-2 esophagitis in
both groups. The treatment
results are comparable to
those of other studies. In a
recently published study, Fei
Zhang et al. [34] examined
the safety and efficacy of
survival (PFS) times
these two regimens in the
treatment of metastasis/relapses and advanced ESCC
using a systematic review and meta-analysis.
Their study included 598 diagnosed patients
who were enrolled in the analysis and received DPP-based or NDP-based regimens. The
results showed that although the NDP-based
regimen had no significant advantages in OS or
ORR compared to DPP-based regimens, it had
less toxicity and better tolerance, especially for
patients susceptible to gastrointestinal side
effects and with poor renal function. In a study
in Japan, Akiko Kuwahara et al. [35] replaced
DPP in the classic 5-FU/DPP-based CRT treatment for ESCC instead of NDP, and no significant difference was found in clinical outcome,
i.e., the toxicities and CR rate in the NDP-based
group were similar to those in the DPP-based
group. Yamashita et al. [36] also investigated
NDP in the treatment of metastatic or locally
advanced EC and found that the OS, PFS and
some hematological toxicities had no significant difference from DPP.
Additional factors should also be considered. Previous studies have shown that in dose
determination factors, an esophageal volume
dose of 45-50 Gy or more is a risk factor for
developing esophagitis [37, 38]. It has been
previously shown that the IFI technique delivers chemotherapy with a full dose, thus limiting the dose reduction or delay. Moreover, CRT
Int J Clin Exp Med 2018;11(8):8382-8391
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trials with full-dose chemotherapy during radiation have yielded satisfying results [39, 40].
In this study, the risk of hematologic toxicity
was slightly higher for patients who received
concurrent DP. Additionally, the incidence of
gastrointestinal toxicity, esophagitis and pneumonitis was somewhat lower in the DN group.
Hence, DN concurrent with radiotherapy is a
relatively safe treatment for EC patients to
choose.
Currently, some targeted drugs have been
developed for EC treatment. One study identified LSD1 as a potential therapeutic target
for ESCC and reported that the compound
LPE-1 might lead to further anti-ESCC drug
discovery [41]. However, the use of targeted
drug methods is still limited compared to the
CCRT mentioned in this article. For one thing,
initially, patients need to bear the higher cost
when using targeted drugs compared to traditional chemotherapy. Furthermore, some target agents like EGFR, HER2, c-MET, PI3K/Akt/
mTOR are being currently assessed in clinical
trials, but most of the results disappointing. A
trial showed that, Gefitinib did not improve OS
in EC patients that progressed on chemotherapy [42]. One study found that the regimen of
lapatinib and chemotherapy was no significant
improve the overall survival, just increased
response rate in patients compared to chemotherapy alone [43, 44].
New drugs are being developed, and their roles
in new regimens should be considered. Of
course, the sample size of this study was relatively small, and the retrospective, single-institution design and lack of a follow-up period represent several inherent limitations. Differences
in radiotherapy techniques should also be
taken into account. Moreover, all the patients
had a pathological type of phosphorus, so the
results might be difficult to extrapolate to
esophageal adenocarcinoma patients. Finally,
it is necessary to conduct clinical trials, including pharmacogenomics analyses, in different
racial groups; our study was performed in a
Chinese population, which is pharmacologically
different from Western populations, that will
inevitably show different reactions and adverse
events.

with tolerable toxicity. The analysis indicated
that the OS and PFS did not differ significantly
between the DP and DN groups, but the DN
regimen had fewer side effects than DP. More
research is required to further clarify the mechanism of sensitivity to concurrent radiotherapy with weekly chemotherapy and to identify
specific biological markers that predict drug
efficacy.
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