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Abstract: This study was conducted to evaluate the toxicity and efficacy of pemetrexed plus 

dendritic cells (DCs) when administered as third-line treatment for metastatic esophageal 

squamous cell carcinoma (ESCC). All patients in the study group had previously failed 

first-line treatment with 5-fluorouracil and cisplatin-based regimens, as well as second-line 

treatment with taxane-based regimens. A total of 31 patients were treated with pemetrexed 

(500 mg/m2) plus DCs on day 1, every 3 weeks. DCs were given for one cycle of 21 days. 

Thirty patients were evaluated for their response. No patient had a complete response, 

three patients (10.0%) had a partial response, ten patients (33.3%) had stable disease, and 

17 patients (56.7%) had progressive disease. The overall response rate was 10.0%. The 

median progression-free survival (PFS) time was 2.9 months (95% CI, 2.7–3.2), and the 

median overall survival (OS) time was 7.1 months (95% CI, 6.4–7.9). The median PFS and 

OS times among patients with high and low levels of miR-143 expression in their blood 

serum were significantly different: median PFS times =3.2 months (95% CI, 2.9–3.4) and 

2.7 months (95% CI, 2.4–3.0), respectively (P=0.017), and median OS times =7.8 months 

(95% CI, 6.8–8.9) and 6.3 months (95% CI, 5.3–7.3), respectively (P=0.036). No patient 

experienced Grade 4 toxicity. Combined third-line treatment with pemetrexed and DCs was 

marginally effective and well tolerated in patients with advanced ESCC. Serum miR-143 

levels are a potential biomarker for predicting the efficacy of pemetrexed plus DCs in the 

treatment of ESCC.
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Introduction
Esophageal cancer is an aggressive malignancy that is ranked eighth in the world 

in cancer incidence and sixth in cancer-related mortality.1 In Asian countries, most 

cases of esophageal cancer are squamous cell carcinoma, whereas adenocarcinomas 

constitute the majority of cases in Western countries.2 Palliative care is the only 

option for patients with advanced esophageal cancer, and a standard chemotherapy 

regimen for treating esophageal cancer has yet to be established. Although a com-

bination of 5-fluorouracil and cisplatin administered by continuous infusion is the 

most commonly used first-line standard treatment regimen, only ~30% of patients 

respond to this treatment, and the median survival time is only 6–10 months.3 Patients 

who fail first-line chemotherapy often experience a moderate progression-free sur-

vival (PFS) time when given a taxane-based (docetaxel or paclitaxel) second-line 

treatment.4,5 Although some patients who progress following first-line and second-

line chemotherapy demonstrate a good performance status (PS) and remain suitable 
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for chemotherapy, there is no currently established salvage 

treatment option.

Pemetrexed is a recently developed antifolate agent 

that appears to be well tolerated by patients who require 

further-line treatment.6 One study reported that pemetrexed-

based radiotherapy was reasonably active and well toler-

ated when used to treat patients with locally advanced or 

metastatic esophageal cancer.7 Another study reported that 

second-line therapy with cetuximab plus pemetrexed was 

marginally effective and well tolerated in patients with 

advanced esophageal squamous cell carcinoma (ESCC).8 

Dendritic cells (DCs) are potent antigen-presenting cells9 

that stimulate effector T-cells, which present tumor antigens 

to T-lymphocytes and thereby induce an antitumor immune 

response.10 Moreover, some studies have shown that DCs are 

effective when used against esophageal cancer cells.11,12

MicroRNAs (miRNAs) are small noncoding RNAs that 

function as posttranscriptional gene regulators.13 Increas-

ing evidence suggests that miRNAs can function as tumor 

suppressors or oncogenes and are involved in cancer patho-

genesis and development of ESCC.14 Some recent studies 

have shown that miRNAs may have disease diagnostic and 

prognostic value.15 Furthermore, miR-143 has demonstrated 

an ability to suppress tumor growth, migration, and invasion 

in a model of ESCC.16 Another study showed that miR-143 

could target the 3′-UTR of STAT3 mRNA, which is a crucial 

factor in the JAK/STAT signaling pathway.17 In the present 

study, we evaluated the safety and efficacy of treatment with 

pemetrexed plus DCs in esophageal patients who were pre-

viously treated with first-line and second-line chemotherapy 

and also sought to identify a biomarker for predicting the 

efficacy of treatment with pemetrexed plus DCs.

Patients and methods
Patients
The study population consisted of 31 patients with histologically 

confirmed metastatic ESCC, who had failed treatment with first-

line and second-line chemotherapy. All the enrolled patients had 

previously received pemetrexed plus dendritic cells between 

September 2011 and August 2013 at the Shandong Tumor 

Hospital and the Jining First Peoples Hospital. The patient 

selection criteria were age 18–75 years; Eastern Cooperative 

Oncology Group PS #2; adequate hematological, hepatic, 

and adrenal functions (white blood cell count $4.0×109/L; 

neutrophil count $1.5×109/L; platelet count $100×109/L; 

hemoglobin $10 g/dL; ALT and AST #2.5× upper limits of 

normal; total bilirubin #1.5× upper limits of normal; creatinine 

clearance $60 mL/min or creatinine # upper limits of normal); 

and life expectancy .12 weeks. All the patients had at least 

one measurable lesion based on CT scan. Exclusion criteria 

were massive pleural effusion or ascites, active concomitant 

malignancy, brain metastasis, pregnant, or lactating. The study 

was approved by the ethics committee of Shandong Ji Ning 

First People’s Hospital, and all subjects provided a signed 

informed consent document. All patients underwent a qRT-

PCR assay to determine their serum miRNA-143 levels prior 

to initiation of treatment.

Dc preparation
Peripheral blood mononuclear cells in a 50 mL blood specimen 

were enriched by density gradient centrifugation with Ficoll-

Paque. The enriched peripheral blood mononuclear cells 

were washed three times, resuspended in RPMI1640 medium 

containing granulocyte macrophage colony stimulating factor 

(1,000 U/mL; 4102-10; BioVision, Milpitas, CA, USA) and 

interleukin 4 (1,000 U/mL; Cellgenix, Heidelberg, Germany), 

and incubated at 37°C with 5% CO
2
 for 24 hours. The culture 

medium was refreshed every 2 days. Following incubation, 

the cells were harvested, washed three times, and resuspended 

in 100 mL of 2.5% albumin in saline. The number of isolated 

DCs was 1.0×107.

Treatment
The patients were treated with pemetrexed (500 mg/m2) on 

day 1, every 3 weeks. Prior to the first dose of pemetrexed, all 

patients had received a daily dose of folic acid for 7–14 days 

and an intramuscular injection of Vitamin B12 (1.0 mg) 

every 9 weeks. All patients were premedicated with dexam-

ethasone (4 mg) on the day before, the day of, and the day 

after chemotherapy. Blood samples were collected from the 

patients 14 days after the chemotherapy and used to collect 

DCs. Lymphocytes were separated from the blood samples 

and cultured in vitro. DCs were administered to the patients 

by subcutaneous injection, and the treatment schedule is 

shown in Table 1. The treatment regimen was continued until 

disease progression, unacceptable toxicity occurred, or the 

patient refused treatment.

Table 1 Treatment schedule

Day Treatment 
procedure

Route of 
administration

Injection site

0 Blood acquisition cubital vein n/a
0 Pemetrexed intravenous infusion Peripheral vein
7 Dcs subcutaneous injection inguinal region
14 Dcs subcutaneous injection inguinal region
21 Dcs subcutaneous injection inguinal region

Abbreviation: Dcs, dendritic cells.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3903

Pemetrexed plus Dcs as third-line therapy

evaluation and statistical analysis
After two cycles of treatment, a CT scan was performed, 

and tumor response was assessed according to the Response 

Evaluation Criteria in Solid Tumors (RECIST, Version 1.0). 

Toxicity was graded according to the National Cancer Institute 

Common Terminology Criteria for Adverse Events version 

3.0 (NCI-CTCAE). Progression-free survival (PFS) and over-

all survival (OS) times were calculated as the time span from 

the day of initiation of treatment with pemetrexed plus DCs 

until disease progression, all cause death, or completion of the 

last follow-up evaluation. PFS and OS times were analyzed 

using the Kaplan–Meier method, and SPSS for Windows 

software (Version 16.0; SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics
All patients in our study were diagnosed with stage IV 

squamous cell carcinoma, who had previously accepted 

chemotherapy with 5-fluorouracil plus platinum as first-line 

treatment and taxane-based chemotherapy as second-line 

treatment. Among the 31 enrolled patients, 51.6% had 

distant lymph node metastases, 25.8% had lung metastases, 

and 16.2% had liver metastases. Thirty patients had at least 

a moderate PS, and one patient had a Grade 0 PS. Some 

demographic and clinical characteristics of the 31 enrolled 

patients are summarized in Table 2.

response
One patient in our study refused to accept treatment with 

pemetrexed plus DCs; however, 30 patients accepted at least 

two cycles of such treatment. Among the 30 patients who 

were evaluated for their response to treatment, three (10.0%) 

showed a partial response, ten (33.3%) had stable disease, 

and 17 (56.7%) had progressive disease. No patient achieved 

a complete response. The overall response rate was 10.0% 

(Table 3). The median PFS time was 2.9 months (95% CI, 

2.7–3.2), and the median OS time was 7.1 months (95% CI, 

6.4–7.9; Figure 1). The PFS and OS times of patients signifi-

cantly differed based on whether they had a high or low level 

of miR-143 expression in their blood serum. The median PFS 

times among patients with high and low levels of miR-143 

expression were 3.2 months (95% CI, 2.9–3.4) and 2.7 months 

Table 2 Patient characteristics

Factor Patients, n Patients, %

Median age (range) 57.0 years (38–68 years)
sex

Male 18 58.1
Female 13 41.9

Performance status
0 0
1 17 54.8
2 14 45.2

histology
squamous cell carcinoma 31 100

First-line regimen
5-FU–cisplatin 25 80.6
5-FU–nedaplatin 6 19.4

second-line regimen
Docetaxel 19 61.3
Paclitaxel 12 38.7

Metastasis sites
Distant lymph nodes 16 51.6
lung 8 25.8
liver 5 16.2
lung and liver 2 6.4

Note: Performance status measured using eastern cooperative Oncology group 
criteria. 
Abbreviation: 5-FU, 5-fluorouracil.

Table 3 Patient response to treatment

Response Number of patients (%); 
survival

complete response 0
Partial response 3 (10.0%)
stable disease 10 (33.3%)
Progressive disease 17 (56.7%)
Median PFs 2.9 months (95% ci, 2.7–3.2)
Median Os 7.1 months (95% ci, 6.4–7.9)
Median PFs of high mir-143 
expression patients

3.2 months (95% ci, 2.9–3.4)

Median PFs of low mir-143 
expression patients

2.7 months (95% ci, 2.4–3.0)

Median Os of high mir-143 
expression patients

7.8 months (95% ci, 6.8–8.9)

Median Os of low mir-143 
expression patients

6.3 months (95% ci, 5.3–7.3)

Abbreviations: OS, overall survival; PFS, progression-free survival; CI, confidence 
interval.

Figure 1 PFs and Os survival times in the study population.
Abbreviations: Os, overall survival; PFs, progression-free survival.
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five patients experienced Grade 3), neutropenia (six patients 

experienced Grade 3), anemia (nine patients experienced 

Grade 1, seven patients experienced Grade 2, and five patients 

experienced Grade 3), and thrombocytopenia. The nonhe-

matological toxicities included: nausea/vomiting, fatigue, 

diarrhea, fatigue, fever, constipation, and neurotoxicity. Five 

patients developed a fever after receiving DCs, and these 

events were considered to be drug-related (Table 4).

Discussion
Patients with metastatic esophageal carcinoma have a poor 

clinical prognosis, and there is no effective chemotherapeutic 

for treating the disease. However, some patients who fail 

first- and second-line treatment have a high PS and require 

an effective third-line chemotherapy regimen.18

A previous Phase I study showed that the maximum 

tolerated dose of pemetrexed was 500 mg/m2.8 Jatoi et al19 

performed a Phase II study that employed a preoperative 

regimen consisting of pemetrexed, carboplatin, and radiation 

followed by surgery in treatment of locally advanced esopha-

geal cancer and gastroesophageal junction tumors and reported 

that the median survival time of 22 patients who underwent a 

complete cancer resection was 17.8 months. DCs are special-

ized antigen-presenting cells that are involved in innate and 

adaptive immune responses. Some studies have shown that 

DCs play a crucial role in any tumor-specific immune response 

and are involved in the initiation of tumor-specific immunity 

and the generation of immune effect functions. Some Phase I, 

Phase II, and Phase III clinical trials have evaluated the effec-

tiveness of ex vivo DC-loaded vaccines as anticancer immu-

notherapeutic agents against several types of malignancies.20 

Ueda et al21 reported induction of a peptide-specific immune 

Figure 2 PFs times of patients with high and low levels of mir-143 expression.
Abbreviation: PFs, progression-free survival.

(95% CI, 2.4–3.0; log-rank =0.017), respectively (Figure 2). 

The median OS times among patients with high and low 

levels of miR-143 expression were 7.8 months (95% CI, 

6.8–8.9) and 6.3 months (95% CI, 5.3–7.3; log-rank =0.036), 

respectively (Figure 3).

Toxicity
All patients in our study displayed a good tolerance to treat-

ment, and there was no incidence of Grade 4 toxicity. The main 

hematological toxicities were leukocytopenia (eight patients 

experienced Grade 1, four patients experienced Grade 2, and 

Figure 3 Os times of patients with high and low levels of mir-143 expression.
Abbreviation: Os, overall survival.

Table 4 Treatment-related toxicities

Toxicity Grade 1,  
n (%)

Grade 2,  
n (%)

Grade 3,  
n (%)

Grade 4, 
n (%)

leukocytopenia 8 (26.7) 4 (13.3) 5 (16.7) 0
neutropenia 7 (23.3) 4 (13.3) 6 (20.0) 0
Thrombocytopenia 3 (10.0) 5 (16.7) 3 (10.0) 0
anemia 9 (30.0) 7 (23.3) 5 (16.7) 0
Fever 2 (6.7) 3 (10.0) 0 0
Diarrhea 4 (13.3) 2 (6.7) 0 0
nausea/vomiting 7 (23.3) 4 (13.3) 1 (10.0) 0
constipation 5 (16.7) 3 (10.0) 0 0
Fatigue 5 (16.7) 9 (30.0) 6 (20.0) 0
alT/asT 4 (6.9) 3 (10.0) 0 0
neurotoxicity 6 (20.0) 9 (30.0) 0 0

Note: Toxicity was graded according to the national cancer institute common 
Terminology criteria for adverse events version 3.0 (nci-cTcae). 
Abbreviations: alT, glutamic-pyruvic transaminase; asT, glutamic oxalacetic 
transaminase.
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response in patients with primary malignant melanoma of the 

esophagus that had previously received immunotherapeutic 

treatment with DCs pulsed with MAGE peptides. Kono et al22 

analyzed data from a multicenter Phase II clinical study of 60 

patients with advanced esophageal cancer and reported that 

the immune response induced by vaccination with multiple 

peptides was associated with an improved clinical prognosis. 

In the present study, third-line treatment with pemetrexed plus 

dendritic cells was well tolerated by patients with metastatic 

ESCC. Most esophageal cancer patients who fail first- and 

second-line treatment have a poor PS, and no patient in our 

study had an Eastern Cooperative Oncology Group PS of 0. 

The PFS and OS times of our patients significantly differed 

based on whether they showed a high or low level of miR-

143 expression in their blood serum. Some previous studies 

reported that patient PS was significantly associated with both 

PFS and OS times.23,24 One study provided evidence that miR-

143 may suppress esophageal cancer by inhibiting increases in 

ERK5 protein levels.16 A majority of examined tumor tissues 

will show a significantly lower level of miR-143 expression 

when compared with such levels of nontumor tissues.25 One 

study demonstrated that a high level of miR-143 expression is 

predictive of a favorable outcome for ESCC patients and that 

miR-143 represses the cell cycle and epithelial-mesenchymal 

transition signaling pathways by targeting STAT3.26

One trial that investigated S-1 monotherapy as second- or 

third-line chemotherapy for nonresectable and recurrent ESCC 

found complete response, partial response, stable disease, 

and progressive disease rates of 5% (one patient), 20% (four 

patients), 35% (seven patients), and 40% (eight patients), 

respectively. Additionally, two cases (10%) of anemia, one 

case (5%) of leukopenia, three cases (15%) of fatigue, and 

three cases (15%) of diarrhea occurred as Grade 3 toxicities. 

The median PFS time in that study was 100 days, and the 

median OS time was 330 days.27 A study of pemetrexed-

based chemotherapy used in treatment of patients with locally 

advanced or metastatic cancers showed that among eleven 

patients with advanced esophageal cancer who received the 

pemetrexed-based regimen as third-line treatment, two patients 

achieved a partial response, one showed stable disease, and the 

remaining eight patients showed progressive disease.28

Conclusion
Third-line treatment with pemetrexed plus dendritic cells was 

well tolerated by patients with ESCC, and our results sug-

gest that cancer patients who show a high level of miR-143 

expression in their blood serum may benefit from this com-

bined treatment strategy. The efficacy that our combined 

treatment showed in ESCC patients must be confirmed in 

future studies with larger patient numbers.
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