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Abstract
Background: The aim of the study reported here was to evaluate the feasibility and safety of raltitrexed and nedaplatin with
concurrent radiotherapy in patients with unresectable, locally advanced esophageal squamous cell carcinoma (ESCC).

Methods: Eligible patients were adults with newly diagnosed untreated, unresectable esophageal cancer in stages I to IV with
lymph node metastases or cervical esophageal cancer. Patients received nedaplatin 25mg/m2 per day on day 1–3, raltitrexed 3mg/
m2 on days 1 repeated every 21 days for 2 cycles, and combined concurrent radiotherapy (2Gy/fraction, total dose of 60Gy).

Result: Thirty patients were included with squamous cell carcinoma. The median follow-up duration was 24 months. The overall
response rate was 90%. The 1-year and 2-year overall survival rates for all patients were 70.4% and 55.7% with a median survival
time of 30 months, and the median progression free survival was 20 month. The major toxicities were leukopenia and thrombopenia,
with grade 3 to 4 leukopenia and thrombopenia were 50% and 30% of patients.

Conclusion:Concurrent chemoradiotherapy with raltitrexed and nedaplatin agents frequently caused myelosuppression but was
highly active and suggested to be a promising treatment option for locally advanced ESCC.

Abbreviations: CCRT = concurrent chemoradiotherapy, CT = computed tomography, CTV = clinical tumor volume, ECOG =
Eastern Cooperative Oncology Group performance status scores, ESCC = esophageal squamous cell carcinoma, GTV = primary
tumor, GTVnd = involved lymph nodes, ORR = overall response rate, OS = overall survival rates, PET-CT = positron emission
tomography-CT scan, PFS = progression free survival, RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version 1.1.
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1. Introduction

Esophageal cancer is one of the most lethal malignancies.[1]

About one-half of patients presented with locally advanced stage
at the time of diagnosis.[2] Since the publication of long-term
follow-up data from the landmark RTOG 8501 clinical trial,
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definitive concurrent chemoradiotherapy (CCRT) with 5-Fu and
cisplatin improved survival for patients with locally advanced
esophageal carcinoma,[3] and established it as the standard
treatment for patients with unsectable, locally advanced
esophageal carcinoma.[4] However, 5-Fu is known to increase
acute mucosal reactions, and inducing high rates of esophagitis
and cardiotoxicity, and need a longer time spent receiving
continuous infusion chemotherapy and longer hospital stays.[5,6]

Moreover, cisplatin is similarly difficult to administer due to
prolonged intravenous hydration is indispensable.[7] It is
necessary to investigate more convenient and efficacy chemo-
therapy regimen for patients with unresectable, locally advanced
esophageal carcinoma. Raltitrexed is a thymidylate synthase
inhibitor that has anticancer effects as shown in advanced gastro-
esophageal cancers.[8] Additionally, a recently published study
has reported raltitrexed could significantly enhance the radio-
sensitivity of esophageal squamous cell carcinoma (ESCC) cells
with increased DNA double-strand breaks, the G2/M arrest, and
the apoptosis of ESCC cells induced by radiation.[9] Nedaplatin is
a derivate of platinum that shows anti-tumor activity similar to
that of cisplatin and has less renal and gastrointestinal
toxicity.[7,10] In patients with metastatic/recurrent or advanced
ESCC, nedaplatin-based regimens had comparable efficacy, less
toxicity and improved tolerability compared with cisplatin-based
regimens.[10] Raltitrexed and nedaplatin does not need continu-
ous infusion and intravenous hydration, respectively, and
easier to administer. These previous studies suggested that the
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combination of raltitrexed plus nedaplatin may be an efficacy
regimen in CCRT for patients with unresectable, locally
advanced esophageal carcinoma. Therefore, in this retrospective
study, we evaluated the feasibility and safety of raltitrexed plus
nedaplatin administered concurrently with radiotherapy in
patients with unresectable, locally advanced esophageal carcino-
ma.
2. Materials and methods

2.1. Patients

Patients with ESCC were retrospectively collected between
August 2015 and March 2017. Unresectable patients were
defined as patients with locally unresectable carcinoma of the
esophagus (T4N0-NM0), a cervical carcinoma of the esophagus
or patients with involvement of celiac or supraclavicular lymph
nodes (M1a); the inclusion criteria were:
1.
 Histologically confirmed SCC;

2.
 patients with locally unresectable carcinoma of the esophagus

(T4N0–1 M0), a cervical carcinoma of the esophagus or
patients with involvement of celiac or supraclavicular lymph
nodes (M1a);
3.
 All patients have not received previous CCRT treatment.

4.
 Eastern Cooperative Oncology Group performance status

scores (ECOG) of 0-2.

Patients with an esophageal perforation, esophageal fistula,
tumor bleeding, distant organ metastases, serious complications,
severe infection, or mental disorder, were excluded from the
study. Written informed consent was obtained from all patients
prior to enrolment. Tumor length was measured by esophagog-
raphy before treatment. All the patients were evaluated before
treatment by the following: physical examination, upper digestive
endoscopy, upper gastrointestinal radiography, cervical ultra-
sound, and cervical/chest/abdomen computed tomography (CT)
scan. Positron emission tomography-CT scan (PET-CT) was not
essential. Tumor response was assessed using cervical/chest/
abdomen CT scan, and upper gastrointestinal radiography.
Myocardial zymogram examination and electrocardiography
were used to detect treatment-induced heart damage.
2.2. Treatments

Intensity-modulated radiation therapy with a 6-MV X-ray was
used to deliver a total dose of 60Gy (1.8–2.0Gy per fraction) to
the primary tumor and 50Gy to the subclinical region. During
treatment, verification images were performed weekly. Gross
tumor volume was defined as the total volume of the primary
tumor (GTV) and involved lymph nodes (GTVnd). The clinical
tumor volume (CTV) was delineated as GTV plus 3 to 4cm and
GTVnd plus 1 to 2cm margins in the vertical direction, which
covered the corresponding lymphatic drainage areas. Planning
tumor volume (PTV) was defined as CTV plus 5mm margins in
all directions. Based on the dose-volume histogram, the organ
dose limits were set as follows: Mean lung dose �16Gy, V20
�30%; mean heart dose�40Gy; and maximum spinal cord dose
�45Gy.
Chemotherapy consisted of 3mg/m2 raltitrexed given on days

1 and 22 combined with 80mg/m2 nedaplatin given on days 1 to
3 and 22 to 24. The chemotherapy dose was reduced by 20%
in the subsequent cycle if grade 4 myelotoxicity or grade ≥3
2

non-myelotoxicity toxicity occurred, and chemotherapy and
radiotherapy were suspended until bone marrow/other organ
functions normalized.
2.3. Trial end points

The primary trial end point was the overall response rate (ORR)
evaluated 6 weeks after the end of the treatment.[11] The ORR
(complete remission + partial remission) was based on Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1).[12]

Secondary end points included the overall survival rates (OS), the
progression free survival (PFS) and therapy-related adverse
reactions. OS was defined as the length of time from the start of
treatment until death from any cause, censoring, or the last
follow-up visit.[13] PFS was defined as the length of time from the
start of treatment until disease progression/recurrence, death
from any cause, or the last follow-up visit; acute adverse reactions
include haematological and nonhematological toxicity were
evaluated according to Common Terminology Criteria for
Adverse Events version 3.0.[14] Patterns of failure were defined
as the first site of failure. Locoregional failure included the
primary tumor and regional lymph nodes. Distant failure
included any site beyond the primary tumor and regional
lymph nodes.
2.4. Follow-up

The initial follow-up visit was scheduled 6 weeks after the end of
treatment, with subsequent follow-up visits taking place every 3
months during the first year. Thereafter, if disease remained
stable, patients were followed up once every 6months for 3 years,
and subsequently once every year. The follow-up schedule was
designed to detect any delayed side effects, and to establish final
treatment outcomes. Follow-up evaluations included an assess-
ment of signs and symptoms, Karnofsky Performance Scale score,
routine blood tests, tumor markers, and imaging examinations,
such as cervical/abdominal ultrasound, upper gastrointestinal
radiography, cervical/chest CT, and PET-CT when available.
2.5. Statistical methods

Assuming a drop-out rate, we calculated the required total
sample size as 30 patients. SPSS version 22.0 (IBM, Armonk, NY)
was used for statistical analysis. The continuous variables were
expressed as median (interquartile range) and the categorical
variables as frequencies and percentages. The PFS and OS curves
were estimated by Kaplan–Meier analysis. A two-sided P value
of, .05 was considered significant.
3. Result

3.1. Patient characteristics

Baseline characteristics of all 30 patients are listed in Table 1. The
median age was 68.5 years. 80% of patients were male. All
treated patients had an ECOG of 0 or 1. Median tumor length
was 5.0cm (range, 1–11cm). 29 patients completed the
radiotherapy with median dose was 60Gy, 1 patients had
interruption of treatment when received 36Gy due to esophageal
fistula. 26 patients completed the chemotherapy as planned. The
second nedaplatin dose was reduced by 25% in two patient due
to grade 4 myelotoxicity occurred. 2 patients received 1 cycle of



Table 1

Baseline characteristics of patients.

Characteristics No. (% total)

Male/female 24 (80%)/6(20%)
Age (mean ± SD) 68.5 (68.5±8.4)
Tumor locations: Cervical/Ut/Mt/Lt 6 (20%)/6(20%)/9(30%)/9(30%)
Tumor differentiation: low/moderate/high 9 (30%)/4(13%)/17(57%)
Length of tumor
Rang 1–11cm
Median 5.0cm

Location of positive nodes
Supraclavicular 12 (40%)
Mediastinum 3 (10%)
Both 3 (10%)

Lymph node stage
N0 12 (40%)
N1–2 18 (60%)

Chemo-cycle (2 cycle) 26 (87%)
Chemo-cycle (1 cycle) 4 (13%)

Lt= lower thoracic, Mt=middle thoracic, Ut=upper thoracic.

Qiu et al. Medicine (2020) 99:4 www.md-journal.com
concurrent chemotherapy only, 1 patients because of grade
4 myelotoxicity occurred, 1 patients appeared esophageal
fistula. The rate of completion of this regimen was 86.7%.
3.2. Efficacy outcomes

All patients were evaluated for treatment response 6 weeks after
completion of treatment. Notable, ORR was up to 90%. For
surviving patients, the median follow-up time was 24 months
(range, 19–29.5m). Total median OS was 30 months and the 1-
and 2-year OS rates in all patients were 70.4% and 55.7%. The
median PFSwas 20months, with the 1- and 2-year PFS rates were
74.8% and 43.3% (Fig. 1).
Figure 1. Kaplan–Meier survival curves of overall survival (OS) time for patients
stratified by treatment with raltitrexed and nedaplatin.
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3.3. Patterns of failure

A total of 13 (43.3%) patients had loco-regional or distant
treatment failure, first site of treatment failure loco-regional in 8
patients (61.5%) and first site of treatment failure was distant in 5
patients (38.5%).

3.4. Adverse events associated with CCRT

The major toxicities were leukopenia and thrombopenia. At least
III° leukopenia and thrombopenia were seen in 50% and 30% of
patients. Other toxicities of grade ≥3 included oesophagitis (one
patient) andpain inupper limb (onepatient).Nograde≥3anaemia
and cardiotoxicity were observed. One patients developed
esophageal fistula at a radiation dose of 36Gy with 1 cycle
concurrent raltitrexed/nedaplatin chemotherapy. There was no
treatment-related death and radiation-induced lung injury.
4. Discussion

In this present study, raltitrexed/nedaplatin was associated with a
high ORR rate (90%), prolonged PFS (median: 20 months),
prolonged OS (MST: 30 months, 1- and 2-year survival rate:
70.4%, 55.7%), and relatively good feasibility in patients with
unresectable, advanced locally esophageal cancer. Major treat-
ment related toxicity was related tomyelosuppression, but almost
myelosuppressionwas controllable and transitory, and the rate of
completion of this regimen was high (86.7%).
An overview of different studies evaluating ORR, mPFS,

median survival time, and overall survival of different CCRT
regimens for ESCC is shown in Table 2. The complete response of
the primary tumor, was difficult to assess because RECIST 1.1
guidelines do not refer to endoscopy criteria in much detail. CT
scan is still viewed as an appropriate method to assess response,
but confirmation of the disappearance of the esophageal tumor
by CT scan after chemoradiation is not possible because of
residual thickening of the esophageal wall. Owing to these
difficulties to confirm complete response, we assessed the primary
tumor with CT scan and classified complete response merge into
partial response. Compared with previous studies, the ORR in
our study was favorable, especially higher than results in FP-
based concurrent CCRT by Conroy et al (65%) and JCOG9516
study (68.3%) for patients with unresectable, advanced esoph-
ageal cancer.[15,16]

In those studies of Table 2, the survival showed great variation,
with theMST ranging from 305 days to 29months, the 1-yearOS
ranging from 52.4% to 82.9%, and the 2-year OS ranging from
15% to 51.3%. In our study, the 1-year and 2-year OS rates were
70.4% and 55.7%, respectively, with a median survival time of
30 months for all patients.[5,7,13–15,17–22] The clinical outcome in
our study compares generally favorable with those studies of
Table 2, include the fluorouracil and cisplatin group in the RTOG
85–01 trial, INT0123 trial, and JCOG0303 trial.[3,5,16] Although
our results should be interpreted with caution for the small
sample size and short observation period, median survival time of
30 months and 2-year OS rate of 55.7% can be looked as
encouraging, indicating the efficacy of weekly schedule of
raltitrexed/nedaplatin agents for unresectable, advanced esoph-
ageal cancer.
Among those studies, one which we would like to focus on was

the study reported by Zhu et al.[22] In this study, a total of
70 patients were treated for ESCC with radiotherapy (median
dose 64Gy, range, 60–66Gy) combined with concurrent

http://www.md-journal.com


Table 2

Outcomes of previous studies for chemoradiotherapy for the treatment of esophageal squamous cell carcinoma.

Author (year) Histology (SCC%) RT dose (Gy) CT regimen ORR (%) MST mPFS 1-os (%) 2-os (%)

INT0123
2002

87 50.4 5-Fu/cisplatin – 18.1m – – 40

64.8
JCOG9516
2004

100 60 5-Fu/cisplatin 68.3 305d – – 31.5

Sato
2006

100 60 5-Fu/nedaplatin 88.5 21.2 – 65.1 37.2

Conroy
2014

86 50 Folfox 67 20.2m 9.7m – –

5-Fu/cisplatin 65 17.5m 9.4m
KDOG0501-P2
2014

100 61.2 Docetaxel/cisplatin/5-Fu 83.3 29m 11.1m 66.1 –

50.4 86.7
JCOG0303
2015

100 60 Lowdose 5-Fu/cisplatin – 14.4m – 56.3 –

Standard 5-Fu/cisplatin 13.1m 55.9
Noronha
2016

92.2 58.7 Weekly Paclitaxel/Carb 49 19m 11m 70 47

Zhang
2016

100 50–70 5-Fu/cisplatin – 18m 15m 77.4 48.9

Docetaxel/cisplatin
Wang
2018

100 60 Weekly 88.2 22.5m 13.5m 71 47

nab-paclitaxel /cisplatin
Munch
2018

100 59.4 Weekly Paclitaxel/Carbplatin – 24.2m 12.1m 72 –

54 5-Fu/cisplatin – – 70
Zhu
2019

100 64 Nedaplatin only 81.4 25m 18m 82.9 53.9

Nedaplatin/S-1
Present study 100 60 Nedaplatin/Docetaxel 90 30m 20m 70.4 55.7

raltitrexed /nedaplatin
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chemotherapy (27 patients with NDP/S-1 regimen, 30 patients
with NDP/docetaxel regimen, and 13 patients with NDP alone
regimen). The overall response rate was 81.4%. The 1-year and
2-year OS rate was 82.9% and 53.9%, respectively, with a
median survival time of 25 months. Compared with this result,
the overall response rate and median survival time in our study
was better, while the 1-year OS was much lower (70.4% vs
82.9%). A possible explanation was the differences in radiation
dose, radiation volume and chemotherapy regimens. The
radiation dose of our study was lower than that of Zhu’s study,
with a median dose of 60Gy vs 64Gy (range, 60–66Gy).
Although the optimal radiation dose has not been established for
ESCC, some studies demonstrated that a high radiation dose
might yield better prognosis. Nayan et al reported that high-dose
radiotherapy (64.8Gy) with concurrent chemotherapy seems to
be more effective with acceptable toxicity.[23] In our study, all
patients received a total radiation dose of 60Gy, and no patient
received more than 60Gy, which might partially attribute to the
relatively dismal outcome compared with that in Zhu’s study.
Another reason was that almost patients in Zhu’s study received
NDP/docetaxel or NDP/S-1 regimen concurrently with radio-
therapy. Although no sufficient evidence has been established for
NDP/docetaxel or NDP/S-1 regimen in treatment of ESCC,
several studies have reported promising outcomes for S-1 in the
treatment of gastrointestinal tumors.[24,25] Additionally, two
studies observed good anti-tumor effects and sensitization of
4

radiotherapy in patients with EC when S-1 was used in multi-
drug chemoradiotherapy.[26,27] Regimens combining docetaxel
with platinum-based drugs are extensively used for numerous
types of solid malignant tumors. A regimen combining docetaxel,
NDP and 5-FU was identified to be effective for ESCC.[28–30] The
adoption of NDP/docetaxel or NDP/S-1 regimen as concurrent
chemotherapy might contribute to a favorable survival in Zhu’s
study and need to be further evaluated.
In our study, a total of 41.7% of patients had loco-regional or

distant treatment failure, which is lower than data from INT0123
and Munch et al, in which EC patients were treated with CCRT
with cisplatin /5FU.[13,16] However, in that studies median
follow-up was longer than in our study, which might explain the
higher rate of loco-regional recurrences or distant treatment
failure. The initial site(s) of failure were predominantly locore-
gional in nature, with 54.5% of patients experiencing failure
within or at the margin of the treatment field as some component
of initial failure, which is line with data from Ruppert et al and
KDOG0501-P2.[17,31]

As shown in our study, the most frequent acute toxicity was
leukopenia and thrombopenia. Although the leukopenia and
thrombopenia were slightly higher than several studies, our
results were comparable to results by Yamashita et al andMunch
et al.[13,32] In Yamashita et al analysis, patients with locally
advanced ESCC were treated with 50.4Gy and concomitant
chemotherapy with nedaplatin/5FU, ≥ III° leucopenia was seen in



Qiu et al. Medicine (2020) 99:4 www.md-journal.com
62% patients, which is higher than our result (50%), and ≥ III°
thrombopenia (27%) was in line with our result (30%).[32] In
addition, compared to the results presented by Münch et al, the
rate of ≥ III° thrombopenia (48%) was comparable to our data
(50%) in 5-FU and cisplatin group treated with CCRT of
ESCC.[13] It seems likely raltitrexed/nedaplatin regimen lead to
more leucopenia and thrombopenia, but the ≥ III°leucopenia and
thrombopenia in our study was controllable and transitory, and
most patients were therefore able to complete the regimen
without suspension of treatment or reduction of dose in the
second cycle of chemotherapy. Therefore, the rate of completion
of this regimen was high (86.7%), which was higher than data in
JCOG9516 trail (77%) and in standard dose 5-Fu/cisplatin group
in JCOG0303 trail (82%).[5,15] However, the incidence of grade
≥3 gastrointestinal toxicity, hyponatremia, and oesophagitis
were relatively low in our study, compared with the previous
studies. Notable, no patient had cardiac toxicity of grade 1 or
higher in the present protocol. Larger studies suggest an incidence
of symptomatic cardiotoxicity of 1.2% to 4.3% during 5-Fu
treatment, however subclinical cardiac influence are common.
Possible risk factors are cardiac comorbidity, continuous infusion
schedules and concomitant cisplatin treatment.[6] It was reported
that the approach of switching from 5-Fu/capecitabine to
raltitrexed for patients with 5-FU cardiotoxicity is safe and
offers the lowest risk of recurrent cardiotoxicity.[33] Fistula
formation is caused by CRT during or after the treatment and can
be the cause of treatment related death. In JCOG 0303,
esophageal fistula associated with CCRT developed in 22% of
the patients.[5] In this study, esophageal fistula was observed in
one patient during CRT.
This study has a few limitations that need to be considered

when interpreting the results. The study is limited by its
retrospective nature, and we cannot account for potential
selection bias, which may limit the generalizability of our results.
Second, our sample size is small, and further independent studies
in larger populations are needed to confirm and validate our
results. Finally, it is possible that treatment related toxicities were
underestimated due to the study’s retrospective setting. Further-
more, a clinical complete response is more typically defined as a
negative biopsy at esophagoscopy. However, in the previous
study, we observed patients’ refusal to undergo esophagoscopy;
hence, we defined complete response on a CT scan or
esophagoscopy.
In conclusion, the present study suggests that CCRT with

raltitrexed and nedaplatin agents frequently caused myelosup-
pression but was highly active and suggested to be a promising
treatment option for locally advanced ESCC. These results
suggest raltitrexed/nedaplatin could be used as an alternative for
cisplatin/5-FU in CCRT for EC patients which should be further
evaluated.
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