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Background: Raltitrexed belongs to the new generation of aqueous soluble thymidylate synthase 
inhibitor. We carried out this study to compare the efficacy and adverse reactions of raltitrexed/cisplatin-
based concurrent chemoradiotherapy with docetaxel/cisplatin-based concurrent chemoradiotherapy in the 
treatment of advanced esophageal cancer. 
Methods: One hundred and four patients with locally advanced esophageal squamous cell carcinoma 
(ESCC) were randomly divided into the raltitrexed group (n=54) and the docetaxel group (n=50). All patients 
received chest radiotherapy, using Intensity-modulated radiotherapy (IMRT). In both groups, chemotherapy 
was conducted for 2 cycles, including raltitrexed/cisplatin and docetaxel/cisplatin during the course of 
radiotherapy. The short-term efficacy and adverse effects were compared between the two groups. 
Results: The objective response rate (RR) and the disease control rate (DCR) were 85.2%, 94.4% in the 
raltitrexed group, and 80% and 92% in the docetaxel group, respectively (P=0.485 and 0.708, respectively). 
The 1-year survival rate was 85.1% in the raltitrexed group and 71.0% in the docetaxel group, with a 
statistically significant difference (χ2=4.181, P=0.041). The median progression-free survival and 1-year 
progression-free survival were not significantly different between the two groups (χ2=2.931, P=0.087). The 
1-year local progression-free survival was better in the raltitrexed group than in the docetaxel group (χ2=4.063, 
P=0.044). The main adverse reactions included myelosuppression, gastrointestinal reaction and increased 
transferase, and were not significantly different between the two groups (P>0.05).
Conclusions: Raltitrexed/cisplatin-based concurrent chemoradiotherapy was able to improve the 1-year 
survival rate and local progression-free survival rate of patients with locally advanced esophageal carcinoma. 
The adverse reactions are comparable between the two groups with no identified cardiotoxicity.
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Introduction

Esophageal cancer is one of most common malignancies 
worldwide with an increasing incidence. According to 
the latest global cancer data from the World Health 
Organization (WHO) (1), there were newly-diagnosed cases 
of 455,800 and disease related deaths of 400,200 in 2012. 
Esophageal cancer is usually 3 to 4 times more common 
among men than women (1). It ranks as the second most 
common cause of cancer-related mortality. In Chinese 
population, the epidemiology of esophageal cancer shows 
special features: it is the fourth-fifth incident cancer and the 
third-fourth leading cause of cancer death; the mortality 
rate ranks first in the world (2,3). The largest proportion 
of new esophageal cancer cases are diagnosed among those 
between ages 60 and 74 years, followed by those between 
ages 45 and 59 years (3). Moreover, 90% cases are diagnosed 
as squamous cell carcinoma based on pathology. Because 
esophageal cancer has no specific clinical manifestations 
at the early stage, most detected cases have already been 
in the advanced stage and un-resectable or medically 
unfit for surgery. And there are some cases unwilling to 
accept surgical resection. Non-surgical treatments, such as 
concurrent chemoradiotherapy, are still the main options 
for advanced victims, but the overall 5-year survival 
rate is poor, about 10% to 20%. Although concurrent 
chemoradiotherapy is now accepted as a standard care for 
advanced lesions, a considerable number of patients may 
develop intolerable adverse reactions. A safe and effective 
concurrent regimen, as an urgent demand for the treatment 
of esophageal cancer, has been under investigation.

Raltitrexed, a quinazoline folate analogue, is a new 
generation of aqueous soluble thymidylate synthase 
inhibitor. Previous data showed that the effect of radiation 
sensitization of raltitrexed is not inferior to 5-fluorouracil 
(5-Fu) in vitro (4). The regent has been used in the 
treatment of multiple solid tumors, such as advanced 
colorectal cancer (5,6) and cervical carcinoma (7). In present 
study, we, using docetaxel/cisplatin based concurrent 
chemoradiotherapy as the control, evaluated the short-
term efficacy and toxic reactions of raltitrexed/cisplatin-
based concurrent radiotherapy in the treatment of advanced 
esophageal carcinoma.

Methods

Patients

From January 2013 to June 2016, 104 untreated patients 

with esophageal squamous cell carcinoma (ESCC) were 
enrolled in this study. They had a median age of 66 years 
(range, 37–79 years). The enrolled patients had an Eastern 
Cooperative Oncology Group (ECOG) performance 
status score of 0–2 and had not serious medical diseases. 
Their expected survivals were estimated to be more than 
3 months. The laboratory examination requirements for 
all enrolled patients included: neutrophil ≥1.5×109/L, 
hemoglobin ≥100 g/L, platelet ≥100×109/L, serum aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) values fewer than 2 times the upper limit of the 
normal value (ULN), and serum creatinine less than  
1.5 times ULN. The exclusion criteria included: clinical 
stages of T1N0M0, distant metastasis, esophageal fistula or 
perforation, cachexia and poor general condition (ECOG 
score greater than 2 points). They were randomly divided 
into raltitrexed group and docetaxel group, and their 
baseline characteristics were shown in Table 1.

Radiotherapy procedure

All patients were subjected to intensity-modulated radiation 
therapy (IMRT). Radiation plans were generated using 
Pinnacle Version 3.0. CT-based simulation localization 
was performed prior to the intervention. The gross 
tumor volume (GTV), clinical target volume (CTV) and 
planned target volume (PTV) were determined based on 
the ICRU50 and ICRU62 reports. IMRT or 3DCRT was 
delivered using 6-MV X-rays (Radiotherapy machine: 
Oncor Liner Accelerator). A fractional daily dose of  
2.0 Gy (5 fractions per week) was prescribed. The total dose 
ranged 60 to 64 Gy. PTV 95% to receive a prescription 
dose of 100% was required. The dose to the organs at risk 
was constrained as follows: the both lungs dose was limited 
to V20 <30% and a mean dose less than 13 Gy. The heart 
dose was limited to V30 ≤40% and V40 ≤30%. Spinal cord 
maximum dose was held to 45 Gy. Radiotherapy plans 
were carried out after verification. All patients completed 
radiotherapy procedure successfully.

Concurrent chemotherapy procedure

Chemotherapy procedure was conducted for two cycles 
concomitantly with radiation. On day 1 and 22, patients 
received intravenous administration of raltitrexed at a 
dose of 2.5 mg/m2 for more than 15 minutes, or a dose of 
60 mg/m2 of docetaxel for 1 hour, following intravenous 
administration of cisplatin at a dose of 75 mg/m2 for  
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Table 1 The baseline characteristics of patients in two groups (n=104) using χ2 test

Characteristics Raltitrexed group (n=54) Docetaxel group (n=50) χ2 P

Gender 0.758 0.384

Male 47 47

Female 7 3

Age (years) 0.046 0.830

Median [range] 66 [37–79] 63 [46–76]

≥60 42 38

<60 12 12

TNM 6.074 0.291

T4N1 14 17

T4N0 24 27

T3N1 2 1

T3N0 4 2

T2N1 6 3

T2N0 4 0

ECOG PS - 1.000

0–1 50 47

2 4 3

Primary tumor location 6.161 0.097

Cervical 3 1

Upper thoracic 25 17

Middle thoracic 10 20

Lower thoracic 16 12

All P value represents the comparison of raltitrexed groups vs. docetaxel group by χ2 test. ECOG PS, Eastern Cooperative Oncology 
Group performance status.

2–6 hours. At the second cycle, timing or dose of agents 
would be adjusted according to patients’ responses to 
the first cycle. For example, the dose of all agents was 
reduced by 25% if there was grade 3 hematological toxicity. 
Chemotherapy procedure would be canceled if patients 
developed grade 4 hematological toxicity.

Endpoints and follow-up

The primary endpoints were 1-year survival rate, local 
progression free survival rate, progression free survival 
rate. The secondary endpoints were objective effective 
rate, DCR and adverse events. According to the criteria 
for Response Evaluation Criteria In Solid Tumors 

(RECIST, 1.1 Edition), the short-term responses were 
defined as complete response (CR), partial response 
(PR), stable disease (SD) and disease progression (PD). 
Response rate (RR) was calculated with CR+PR, and 
the DCR was defined as CR + PR + SD. Toxicities were 
evaluated according to the NCI-CTC (4.0 version), which 
divides the toxicities into grades 0–4. Follow-up was 
conducted one month after the completion of treatment, 
and then regularly at 3-monthly intervals in the first  
2 years and at 6-monthly intervals after 2 years. At the time 
of follow-up, all patients received chest and abdomen CT 
scan and esophageal barium meal examination. Electronic 
gastroscopy examination was carried out at 6-monthly 
intervals. The median follow-up time was 13.5 months  
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(range, 3 to 35 months), and the follow-up rate was 97.1%. 
The overall survival (OS) was defined as the time from 
start of treatment to loss of follow-up, death or last follow-
up. Progression-free survival was defined as the time from 
start of treatment to tumor progression (recurrence and/
or metastasis) or death; Survival time is referred to as the 
time from the beginning of treatment to tumor recurrence 
within the radiation field or death.

Statistical analysis

All of the statistical analyses were performed using SPSS 
version 18.0 software (SPSS Inc., Chicago, IL, USA). Count 
data were processed by chi square test (including continuous 
correction test or Fisher’s exact test). Based on survival 
data of follow up, survival curve were drawn using Kaplan-
Meier method (Log-rank test used for comparison of two 
groups). P value of 0.05 or less was considered to indicate 
statistical significance. The patient who did not have deaths, 
progression, or local progression, were defined as censored 
at the time of follow-up.

Results

Short-term efficacy

All 104 patients had completed evaluation for efficacy. In the 
raltitrexed/cisplatin group, 43 cases were CR, 3 cases PR,  
5 cases SD, and PD 3 cases. Their RR and DCR were 85.2% 
and 94.4%, respectively; in the docetaxel/cisplatin group, 
36 cases were CR, 4 cases PR, 6 cases SD, and PD 4 cases.  
Their RR and DCR were 80% and 92%, respectively. 
There was no statistically significant difference in RR 
(χ2=0.488, P=0.485) and DCR (P=0.708) between the two 
groups.

Survival

Median survival time of the raltitrexed group has not 
reached and the 1-year survival rate was expected to be 
85.1%; the median survival time of docetaxel group was 
26.4 months (95% CI: 9.5–43.3 months), and their 1-year 
survival rate was expected to be 71.0%; Log-rank test 
showed a statistically significant difference in the total 
survival time between two groups (χ2=4.181, P=0.041) 
(Figure 1). In raltitrexed group the median progression 
free survival time was 29.1 months, and 1-year progression 
free survival rate was estimated to be 80.4%; in the 
docetaxel group, the median progression free survival 
time was 20.8 months (95% CI: 12.4–29.2 months), and 
the 1-year progression free survival rates was expected to 
be 68.6%. There were no significant differences between 
the two groups (χ2=2.931, P=0.087) (Figure 2). Patients 
in the raltitrexed group did not achieve the median 
progression free survival time. Their 1-year progression 
free survival rate was estimated to be 83.2%; the median 
local progression free survival time in the docetaxel was  
26.4 months (95% CI: 13.4–39.4 months), the local 
progression free survival rate was estimated to be 71.0%; 
The OS time was statistically different between two groups 
(χ2=4.063, P=0.044) (Figure 3).

Safety

All patients had completed the treatment successfully. 
The main adverse events associated with treatment 
were leukopenia, thrombocytopenia, gastrointestinal 
reactions, elevated alanine aminotransferase and aspartate 
aminotransferase, radiation esophagitis and radiation 
pneumonia. Through the appropriate treatments, the vast 
majority of adverse reactions were improved. Esophageal 
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Figure 1 Comparison of overall survival between two groups: 
median survival time of the raltitrexed group has not reached 
and that of docetaxel group was 26.4 months (95% CI:  
9.5–43.3 months), Log-rank test showed a statistically significant 
difference in the survival time between two groups (χ2=4.181, 
P=0.041).
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stenosis occurred in 2 patients in the raltitrexed group and 
in 3 patients in the docetaxel group. In terms with incidence 
of the main adverse reactions, there was no statistically 
significant difference between the two groups (Table 2).

Discussion

Concurrent chemoradiotherapy has become one of the 
standard treatments for patients who are unwilling to accept 
surgical resection of esophageal cancer or have the incurable 
advanced lesions. The result of a prospective randomized 
tr ia l  (Radiat ion Therapy Oncology Group 8501)  
has shown that the 5-FU plus cisplatin-based concurrent 
chemoradiotherapy was able to significantly increase local 
recurrence rate and OS, compared with radiotherapy 
alone (8). This regimen has been used widely in clinical 
practice. However, its adverse effects were significantly 
more frequent and serious than those of radiotherapy 
alone. Some patients have to delay or discontinue their 
treatment because of failing to tolerate adverse effects, 
thus affecting the curative effect and long-term survival. 

Additionally, administration of 5-FU is inconvenient due 
to continuous intravenous infusion for 24 hours. Most 
patients with advanced esophageal cancer are older in 
age. For these above-mentioned reasons, 5-FU-combined 
chemotherapy is not easy to be tolerance by patients. 
5-FU-induced cardiotoxicity has also been paid more and 
more attention in clinical practice recently (9). These 
cardiotoxicity effects, including acute coronary syndromes, 
cardiomyopathy, malignant arrhythmia vasospastic angina 
and sudden cardiac death, are infrequent but fatal. So it is 
still urgent for oncologists to find a convenient concurrent 
chemoradiotherapy with high efficiency and low toxicity. 
Many oncologists have made an effort to use alternative 
drugs or regimens, especially taxane base ones. For example, 
some clinical studies have shown that paclitaxel or docetaxel 
-based combination with cisplatin has become a good 
alternative treatment, which demonstrates higher efficacy 
and more favorable overall toxicity (10).

Raltitrexed is a specific inhibitor of thymidylate synthase, 
which could undergo intracellular uptake through the 
reduced folate carrier and instantly metabolized to a series 
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Figure 2 Comparison of progression-free survival between two 
groups: in raltitrexed group the median progression free survival 
time was 29.1 months; in the docetaxel group, the median 
progression free survival time was 20.8 months. There were no 
significant differences between the two groups (χ2=2.931, P=0.087) 
by Log-rank test.
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Figure 3 Comparison of local progression-free survival between 
two groups: patients in the raltitrexed group did not achieve 
the median local progression free survival time. The median 
local progression free survival time in the docetaxel group was  
26.4 months. There were statistically different between two groups 
(χ2=4.063, P=0.044) by Log-rank test.
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Table 2 Treatment-related adverse-reactions in two groups using χ2 test

Toxicities Raltitrexed group (n=54) Docetaxel group (n=50) χ2 P

Neutropenia 0.566 1.170

Grade 1 8 8

Grade 2 16 19

Grade 3 15 15

Grade 4 4 1

Thrombocytopenia 5.618 0.059

Grade 1 10 18

Grade 2 7 8

Grade 3 3 4

Grade 4 1 1

Increased ALT 1.175 0.278

Grade 1 9 5

Grade 2 3 2

Grade 3 1 0

Increased AST 1.284 0.257

Grade 1 14 9

Grade 2 2 1

Grade 3 0 0

Nausea/vomiting 0.197 0.657

Grade 1 12 11

Grade 2 6 4

Grade 3 3 5

Radioactive esophagitis 3 3 – 1.000

Radioactive pneumonia 2 2 – 1.000

Esophageal stenosis 2 3 – 1.000

All P value represents the comparison of raltitrexed groups vs. docetaxel group by χ2 test. ALT, alanine aminotransferase; AST, serum 
aspartate aminotransferase.

of polyglutamic acid derivatives by folylpolyglutamate 
synthetase.  These metabol i tes  have more potent 
inhibitory activities against thymidylate synthase, and 
their intracellular retention behaviors are associated with 
long-term cytotoxicity. The actions of raltitrexed don’t 
need folic acid calcium cooperation and therefore, doesn’t 
further increase mucosal toxicity. Compared with 5-Fu, 
the agent is characterized by well-established efficacy, no 
cardio toxicity, convenience of administration and favorable 
acceptability. The agent is mainly used for the treatment 

of advanced colorectal cancer (11), but some basic and 
clinical experiments have suggested that its anti-tumor 
spectrum may be wider. The combination of raltitrexed 
and radiotherapy has been used for the treatment of 
colorectal cancer (5,6), cervical cancer (7) and other tumors. 
Therapeutic results showed its favorable tolerability. 
Moreover, it, together with preoperative concurrent 
radiotherapy, could improve pathological remission 
rate and significantly reduce tumor stage (6). However, 
there are few researches on raltitrexed-based concurrent 
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chemoradiotherapy in esophageal carcinoma. Cisplatin 
is one of basic agents in the treatment of esophageal 
carcinoma. In addition to its own anti-tumor effects, 
cisplatin is able to increase concurrent radiotherapy effects. 
Therefore, this study, using docetaxel/cisplatin-based 
concurrent chemoradiotherapy as the control, evaluated 
the effects of raltitrexed/cisplatin concurrent IMRT or 
3D-CRT for the treatment of advanced esophageal cancer.

In the present study, our results showed that RR and 
DCR of patients who underwent concurrent raltitrexed/
cisplatin-based chemoradiotherapy have achieved 85% and 
94.4%, respectively. Their median progression-free survival 
time was 29.1 months, and their 1-year progression-free 
survival rate and 1-year survival rate were expected to be 
85.1% and 85.1%, respectively. There were no significant 
differences in RR, DCR and 1-year progression-free 
survival rate between raltitrexed/cisplatin-based concurrent 
chemoradiotherapy and control group. However, the 
1-year survival rate and 1-year local progression-free 
survival rate in raltitrexed/cisplatin group were expected 
to be significantly higher than that in the control group. 
In comparison with the RTOG 85-01 study, the RR and 
1-year survival rate were higher in both groups, which may 
be contributed to by increased radiotherapy dose, modified 
radiotherapy technology and earlier stag of some patients. 
Although short period of follow-up was the main drawback 
of this study, the preliminary results showed that the short-
term effects of raltitrexed/cisplatin based concurrent 
radiotherapy were similar to that of docetaxel/cisplatin with 
the higher year survival rate and 1-year local progression-
free survival rate. We expect that the long-term survival 
efficacies should also be favorable, which needs further 
evaluation and follow-up.

The major adverse events in both groups were 
neutropenia, thrombocytopenia gastrointestinal reactions, 
elevated transaminase, radiation esophagitis and radiation 
pneumonia. Most of adverse events were alleviated 
through active interventions and therefore didn’t affect the 
concurrent chemoradiotherapy process. The incidence of 
adverse reactions was not significantly different between 
the two groups. Some researchers have reported that the 
incidence of raltitrexed-induced cardio toxicity, especially 
fatal cardiac complications, was significantly lower than 
that of 5-FU. So they recommended raltitrexed as an 
alternative agent for patients who has a history of serious 
heart disease or is not suitable for 5-FU due to a risk of 
heart disease development (12,13). Ransom et al.  also found 
that 5-FU caused cardiac damage were not exaggerated 

after replacement of 5-FU with raltitrexed (14). In the 
present study, no patients developed cardiac complications, 
which further confirmed the safety of raltitrexed in terms of 
cardiotoxicity.

In conclusion, our study found that raltitrexed/cisplatin-
based concurrent chemoradiotherapy is an effective 
treatment regimen for the treatment of esophageal 
carcinoma. Its short-term efficacies were similar to that of 
docetaxel/cisplatin concurrent chemoradiotherapy with a 
higher 1-year survival rate and 1-year local progression-free 
survival rate. Because of good tolerance, better safety and 
ease of use, this regimen is worth being further evaluated 
through large sample, multi-center phase III clinical studies. 
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