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Summary

Purpose: To assess the effectiveness and safety of javanica 
oil emulsion injection (JOEI) when combined with radiother-
apy (RT) in patients with esophageal cancer.

Methods: Electronic databases including EMBASE, 
PUBMED, the COCHRANE Library, China Academic Jour-
nals Full-text Database, Chinese Biomedical Literature 
Database, and Chinese Scientific Journals Database were 
searched. Two reviewers  performed the search, identified 
and extracted eligible studies. Items including response rate, 
survival and safety were extracted and analyzed using Re-
view Manager 5.3.

Results: A total of 16 clinical studies with 1269 esophageal 
cancer patients were included. The results showed that add-
ing JOEI to RT could improve the complete response (CR 
rate) (Odds Ratio/OR 1.63; 95% confidence interval (CI), 
1.27 to 2.10; p=0.0001), partial response (PR) (OR 1.25; 95% 
CI, 0.97 to 1.60; p=0.09), Relative Risk/RR (OR 1.42; 95% 

CI, 1.19 to 1.70; p<0.0001), quality of life (OR 3.01; 95% CI, 
1.72 to 5.25; p=0.0001), and reduce the incidence of adverse 
events including nausea and vomiting (OR 0.81; 95% CI, 
0.45 to 1.44; p=0.46) and radiation esophagitis (OR 0.47; 
95% CI, 0.33 to 0.68; p<0.0001). The 1-, 2-, and 3-year sur-
vival rates in the JOEI group were significantly higher than 
those in the RT alone group (p<0.001 ).

Conclusions: JOEI in combination with RT could benefit 
esophageal cancer patients with improved rate of response 
and quality of life, prolonged survival, and reduced inci-
dence of adverse events. However, these results should be 
viewed with caution due to the limited quality of the in-
cluded studies.

Key words: esophageal cancer, javanica oil emulsion in-
jection, meta-analysis, radiotherapy, traditional Chinese 
medicine

Introduction

	 Esophageal cancer is one of the most serious 
malignancies with high rates of morbidity and 
mortality. In 2005, more than 400000 patients died 
from esophageal cancer worldwide, and nearly 
500000 newly diagnosed esophageal cancer pa-
tients were reported [1]. In 2012, esophageal cancer 
was the fourth most common cancer in China. It is 
estimated that the incidence of several other kinds 

of tumors are expected to reduce by 2025, while the 
cases of esophageal cancer are about to increase by 
140% [1,2]. Esophageal cancer is already a major 
public health concern and its overall survival of 
five-year is 17% [3]. Late stage at diagnosis is the 
main reason of poor survival outcome. Nearly half 
of these patients have confirmed metastatic disease, 
locally advanced stage is present in about 30% and 
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only 20% have a curable localized disease [3-5]. 
	 With the development and application of 
high-resolution CT scan, endoscopic ultrasound 
and FDG-PET, the evaluation of the tumor burden 
has been modified in recent years, thus improving 
the effects of treating esophageal cancer. The treat-
ment of esophageal cancer depends on the disease 
stage. For non metastatic disease, esophagectomy 
remains the primary and basic choice for esopha-
geal cancer patients at early stage. Indeed, this 
kind of malignancy is highly curable in its earli-
est stages when patients are operated [6]. For lo-
cally advanced tumors, it is recommended that 
a combination of surgery, chemotherapy and/or 
RT should be considered [7,8]. When the disease 
progresses further, non-operative treatments are 
usually recommended for patients who lost their 
chances for surgery. 
	 Years of researches have demonstrated that 
the application of chemotherapy and RT could 
benefit patients with longer survival and lower 
staging of disease, especially after the emergence 
and development of new chemotherapeutic agents 
and regimens and new RT methods. In patients 
with locally advanced cancer of the esophagus, 
neoadjuvant chemoradiotherapy (CRT) but not 
neoadjuvant chemotherapy alone is the preferred 
treatment approach [9]. Recent technological ad-
vances in RT including image guided-RT, inten-
sity-modulated RT (IMRT) and PET-CT-based RT 
planning, may further improve the efficacy of 
CRT and reduce the incidence of adverse events. 
However, a combination of these therapeutic op-
tions may potentially increase the risk of serious 
adverse events. So it is necessary to find agents 
which are capable of enhancing the anti-tumor ef-
fects of CRT, improving the immune function of 
the host, and reducing the adverse events of CRT. 
	 Traditional Chinese Medicine (TCM), espe-
cially herbal medicine, is considered to be a part 
of anticancer strategy in China. A large number of 
cancer patients preferred to receive TCM when re-
ceiving CRT, either in the form of injection or oral 
administration [10]. 
	 JOEI has been widely used in the treatment of 
cancer in China and it is a product produced from 
Brucea Jen petroleum ether extracts as raw mate-
rials, and purified soybean lecithin as emulsifier 
[11]. Its composition is 85% triglycerides and 10% 
oleic acid, with the rest composed of both satu-
rated and unsaturated fatty acids as well as some 
triterpenoid alcohols [12]. In recent years, it is rec-
ognized that some components of the unsaturated 
fatty acids of the JOEI, such as the oleic and li-
noleic acids, show specific affinity for tumor cell 
membranes and exhibit potent antitumor activity. 
The triglycerides, which do not directly present 

anticancer activity, can be hydrolyzed into oleic 
acid and then subsequently exerting antitumor ef-
fect [12]. Indeed, several clinical studies showed 
that JOEI combined with CRT could be considered 
as an effective and safe regimen to improve the 
quality of life and reduce the prevalence of ad-
verse events [11,13]. 
	 However, most of the studies dealing with 
the application of JOEI in esophageal cancer lack 
large samples and there is no sufficient evidence 
to support the use of JOEI for enhancing efficacy, 
reducing side effects of CRT and improving the 
quality of life. Furthermore, there is no direct evi-
dence to indicate that JOEI is risk-free, with re-
gard to adverse events such as allergic reactions. 
So, we performed this meta-analysis to objectively 
assess the efficacy and safety of JOEI when com-
bined with CRT in the treatment of patients with 
esophageal cancer.

Methods

Eligibility criteria

	 Clinical observational and randomized controlled 
trials comparing chemotherapy or RT with or without 
treatment of JOEI were potentially eligible for inclu-
sion. Patients should have esophageal cancer regard-
less of different subtypes. The metaanalysis was limited 
to the injection of JOEI as an adjunct therapy to assist 
the standard anticancer therapy such as chemotherapy 
or RT. The primary outcomes were survival rates at dif-
ferent times, disease-free survival, mortality and qual-
ity of life. The secondary outcomes included complete 
response, partial response and adverse events such as 
severe neutropenia.

Information sources

	 Electronic databases including EMBASE, PUBMED, 
the COCHRANE Library, China Academic Journals 
Full-text Database, Chinese Biomedical Literature Da-
tabase, and Chinese Scientific Journals Database were 
searched for clinical studies on the topic of JOEI plus 
RT or chemotherapy for treating esophageal cancer. 
Online searches using conference abstracts were also 
performed to find studies meeting the inclusion criteria. 

Search

	 Two reviewers performed the search using the fol-
lowing English terms: “Yadanzi”, “Yadanziyou”, “Javani-
ca oil emulsion injection”, “Seed Oil of Brucea javanica 
“, “Brucea javanica oil”, “esophageal cancer”, “esopha-
geal tumor”, “esophageal carcinoma”, “radiotheapy”, 
“chemotherapy” and “chemoradiotherapy”. The Chinese 
searching terms includes “ Javanica oil emulsion injec-
tion”, “ esophageal cancer”, “radiotheapy”, “chemother-
apy” and “chemoradiotherapy”. The searching strategy 
identified trials mainly in Chinese and English languag-
es. Chinese papers were translated to ensure that they 
could be evaluated and analyzed for the meta-analysis.
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Study selection

	 To identify studies suitable for inclusion, the pos-
sible eligible trials were first screened by the titles, ab-
stracts, and keywords. After this process of selection, 
the remaining articles were further assessed in Full-
text if they met the following criteria: 
1.	 Enrolled patients with esophageal cancer unable 

and/or refused to be operated;
2.	 Compared the combination of conventional treatment 

and JOEI with conventional intervention alone;
3.	 Reported at least one of the relevant clinical out-

comes mentioned above; 
4.	 Studies should be randomized.
	 We then contacted the authors of potentially eli-
gible trials to get more detailed information if the full-
text failed.
	 The two reviewers had full agreement on the in-
cluded studies. Excluded were studies that did not meet 
the criteria previously described.

Data collection process and data items

	 The process of data collection was performed by 
two reviewers independently using a well designed 
electronic form. Concerning items such as the number 
of cases participating in individual studies, treatment 
details, and outcome measures were extracted. The fol-
lowing information should be collected and recorded in 
the form:  
1.	 General information: title, year of publication, au-

thors, publication source, country, language, fund-
ing, setting, etc.

2.	 Study characteristics: design of trial, duration of 
patient enrollment, randomization, blinding, and 
allocation concealment.

3.	 Intervention(s): Chemotherapy (regimen, dose, tim-
ing), Radiotherapy (dose, timing), JOEI (dose, timing).

4.	 Patients: inclusion criteria, number in control and 
comparison groups, age, histological diagnosis, 
withdrawals or lost to follow up.

5.	 Outcomes: primary and second outcomes relevant 
to efficacy and safety of treatment.

	 After original abstracting, the information was 
compared and checked if there were any disagreements. 
For differences in data collection, a discussion was car-
ried out. A third reviewer was consulted to solve prob-
lems of data extraction if necessary. For binary data, the 
total number of events in each group were collected, 
while the mean, standard deviation and sample size of 
each group were extracted for continuous data [14].

Risk of bias in individual studies

	 The Cochrane Handbook for Systematic Reviews of 
Interventions 5.3.0 was used to assess the risk of bias in 
each study by two reviewers independently. And the fol-
lowing processes or items were assessed for possible bias:
1.	 Selection bias: Randomization process, allocation 

concealment process.
2.	 Bias of performance and detection: blinding.
3.	 Bias of outcomes from loss to follow-up: incom-

plete outcome data. 
4.	 Reporting bias: selective report.

Synthesis of results and statistics

	 Data analysis was conducted using Review Man-
ager 5.3. The combined results were calculated using 
a fixed-effect model if there was no significant hetero-
geneity between different studies. The form of relative 
risk (RR) was applied for analysis of dichotomous vari-
ables, whereas mean differences (MD) were used to per-
form the pooled analysis of continuous data, both with 
95% CI. The overall effect of RR and MD was assessed 
by Z-test, and it was statistically significant if the p val-
ue was less than 0.05. Chi-square and I2 variable tests 
were used to assess possible heterogeneity between 
included trials. Statistically significant heterogeneity 
was accepted if I2 ≥ 50% and p ≤0.1. The random effect 
model was selected if the heterogeneity was statisti-
cally significant.

Results 

Study selection

	 The flow chart of study selection of the present 
systematic search is summarized in Figure 1. 

By using the search term presented above, a total 
of 122 potentially eligible references were identi-
fied from databases including EMBASE, PUBMED, 
the COCHRANE Library, China Academic Journals 
Full-text Database, Chinese Biomedical Literature 
Database, and Chinese Scientific Journals Data-
base. Additional identification of possibly eligible 
articles was performed by checking relevant jour-
nals and reviews, and by searching conference ab-
stracts from published meeting abstracts in China. 
Of the 122 identified studies from the systematic 
searching, 66 were discarded according to the eli-
gibility criteria mentioned above. The full texts of 
the remaining 56 papers were further assessed. 
Thirty of them were excluded as they failed to 

Figure 1. Flow chart of identification of eligible studies.
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Table 1. Baseline characteristics of included studies

First 
author, 

year

Patients Sex Age Regimen Outcomes

I C M F I C I C

Liang, 
2002 33 33 48 18 40-

74
36-
73

RT+JOEI: RT, 60-70Gy/6-
7weeks; JOEI, 60 ml/d, 30 

days

RT: 
60~70Gy/6-

7weeks

CR, PR, RR, 1-y 
SR, 3-y SR, 5-y SR, 

adverse events,

Kong, 
2004 30 30 47 13 NA NA

RT+JOEI: RT, 2 Gy/d, 5 t/w, 60-
70Gy in total; JOEI, 30 ml/d, 

21 days

RT: 2 Gy/d, 5 t/w, 
60-70Gy in total

CR, PR, RR, 1-y SR, 
2-y SR, adverse 

events

Chen, 
2007 44 48 65 27 NA NA

RT+JOEI: RT, 64-70Gy/32-
35; JOEI, 10~20 ml/d, 42 

days
RT: 64-70Gy/32-35 adverse events

Jia, 
2008 76 72 116 32 36-

70
36-
70

RT+JOEI: RT, 60-68Gy in 
total; JOEI, 30-50 ml/d, 30 

days

RT: 60-68Gy in 
total

CR, PR, RR, 1-y 
SR, 2-y SR, 3-y 

SR, QOL, adverse 
events, immune 

function

Ma, 
2008 40 40 56 24 44-

68
45-
69

RT+JOEI: RT, 2 Gy/d, 5 t/w; JOEI, 
30 ml/d, 21 days RT: 2 Gy/d, 5 t/w CR, PR, RR, 

adverse events

Jiang, 
2009 35 34 41 28 42-

68
39-
66

RT+JOEI: RT, 1.8~2.0 Gy/d, 60-
70Gy in total; JOEI, 30 ml/d, 42 

days

RT: 1.8-2.0 Gy/d, 
60-70Gy in total

CR, PR, RR, 
adverse events

Liu, 
2010 28 28 39 17 30-

78
30-
78

RT+JOEI: RT, 2 Gy/d, 5 t/w, 60-
70Gy in total; JOEI, 30 ml/d, 21 

days

RT: 2 Gy/d, 5 t/w, 
60-70Gy in total

CR, PR, RR, QOL, 
adverse events

He, 
2010 35 35 63 7 52-

78
52-
78

RT+JOEI: RT, 2 Gy/d, 5 t/w, 60-
70Gy in total; JOEI, 30 ml/d, 18-

21 days

RT: 2 Gy/d, 5 t/w, 
60-70Gy in total

CR, PR, RR, QOL, 
adverse events

Yue, 
2010 100 100 134 66 NA NA

CT+RT+JOEI: CT, FP; RT, 2 Gy/d, 
5 t/w, 60~66Gy in total; JOEI, 

30mgl/d, 28 days

CT+RT: CT, FP; RT, 
2 Gy/d, 5 t/w, 60-

66Gy in total

CR, PR, RR, 1-y 
SR, 2-y SR, 3-y SR, 

adverse events

Li, 
2011 28 28 37 19 31-

71
29-
74

RT+JOEI: RT, 4.2-4.8 Gy/d, 3 t/w, 
50-60Gy in total; JOEI, 30 ml/d, 

21 days

RT: 2 Gy/d, 5 t/w, 
60-70Gy in total

CR, PR, RR, 1-y SR, 
2-y SR, 3-y SR, 5-y 
SR, adverse events

Xie, 
2011 40 40 51 29 60-

78
60-
78

CT+RT+JOEI: CT, FP; RT, 2 Gy/d, 
5 t/w, 60-66Gy in total; JOEI, 

30mgl/d, 28 days

CT+RT: CT, FP; RT, 
2 Gy/d, 5 t/w, 60-

66Gy in total

CR, PR, RR, 1-y 
SR, 2-y SR, 3-y SR, 

adverse events

Liao, 
2012 44 44 61 27 60-

78
60-
78

RT+JOEI: RT, 2 Gy/d, 5 t/w, 60-
62Gy in total; JOEI, 60 ml/d, 21 

days

RT: 2 Gy/d, 5 t/w, 
60-62Gy in total

CR, PR, RR, 1-y 
SR, 2-y SR, 3-y SR, 

adverse events, 
VEGF level

Lu, 
2012 29 29 43 15 36-

74
38-
73

CT+RT+JOEI: CT, FOLFOX4; 
RT,60~64Gy in total; JOEI, 

30mgl/d, 28 days

CT+RT: CT, 
FOLFOX4; RT, 60-

64Gy in total

CR, PR, RR, QOL, 
adverse events

Li, 
2013 25 25 36 14 48-

73
48-
73

RT+JOEI: RT, 2 Gy/d, 5 t/w, 60Gy 
in total; JOEI, 30 ml/d, 21 days

RT: 2 Gy/d, 5 t/w, 
60-62Gy in total

CR, PR, RR, 1-y SR, 
adverse events

Liu, 
2013 23 23 29 17 40-

73
40-
68

T+RT+JOEI: T, 60mg/m2, qw, 6 
weeks; RT, 1.8 Gy/d, 5 t/w, 50.4Gy 

in total; JOEI, 30 mg/d, 5 t/w, 6 
weeks

T+RT: T, 60mg/
m2, qw, 6 weeks; 

RT, 1.8 Gy/d, 5 t/w, 
50.4Gy in total

CR, PR, RR, MS, 
3-y SR

Mi, 
2015 25 25 31 19 38-

81
38-
81

RT+JOEI: RT, 2 Gy/d, 5 t/w, 64Gy 
in total; JOEI, 30 ml/d, 21 days

RT, 2 Gy/d, 5 t/w, 
64Gy in total

CR, PR, RR, QOL, 
adverse events

I: intervention, C: control, M: male, F: female, T: taxol, RT: radiotherapy, JOEI: Javanica oil emulsion injection, CT: chemotherapy, CR: 
complete response, PR: partial response, RR: response rate, MS: median survival, SR: survival rate, 1-y: 1-year, 2-y: 2-year, 3-y: 3-year, 
t/w: times per week, QoL: quality of life, NA: not available, FP: 5-FU + cisplatin
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meet the requirements of the inclusion criteria. 
The main reasons were that studies did not pro-
vide sufficient enough data of efficacy for patients 
treated in the treatment and control group; review 
papers; case reports; unable to show clear infor-
mation about the treatment regimen. Finally, the 
remaining 16 trials were qualified for the system-
atic review and could provide enough data for in-
clusion in the meta-analysis. 

Study characteristics

A total of 16 clinical studies with 1269 esopha-
geal cancer patients were included for the final 
analysis, and 635 patients were randomized to the 
JOEI-containing treatment group and 634 cases 
were included in the control group. The charac-
teristics of included studies are listed in Table 1. 
Briefly, the 16 eligible studies evaluated the effi-
cacy of JOEI combined with chemotherapy and/
or RT in patients with esophageal cancers [15-30]. 
All studies were released in full publication and 
the main outcomes were available. We contacted 
the investigators to collect additional unpublished 
information as much as possible. Most of the stud-
ies were single-center reportings.
	 The age of patients in the included studies 
ranged from 29 to 79 years and the median age in 
each study varied. There were inclusion criteria in 
each of the included studies. The trials recruited 
esophageal cancer patients without regarding tu-
mor subtype. All patients received chemotherapy 
and/or RT, and patients in the intervention group 
were additionally treated with JOEI. The dose and 
duration of RT varied, with dose ranging from 
50.4 to 70 Gy and duration ranging from 30 to 49 
days. The chemotherapy administered included 
all classical regimens (Table 1). Only 8 studies re-
ported survival rates at 1, 2 and 3 years. One study 
showed changes in the VEGF level before and after 
treatment with JOEI, and one study reported im-
provement of immune function with JOEI. 
	 The risk of bias within studies is presented in 
Figure 2. Briefly, we used the Cochrane Handbook 
for Systematic Reviews of Interventions 5.3.0 to 
assess the risk of bias in each study. Since the 
studies reported the application of randomization, 
it was likely that there were low risk of bias selec-
tion. However, we could not evaluate the method-
ological quality as the details were not always ful-
ly presented in the included studies. With regard 
to another allocation bias, none of them reported 
or declared that the method of blinding was used, 
because it was difficult to conceal treatment regi-
men, schedules, infusion time and adverse events. 
Few studies reported the lost to follow up infor-
mation, making it hard to provide complete out-

come data. Not all of the included studies had a 
low bias selection of reporting as some trials only 
reported data of overall response rate but not com-
plete response or partial response rate. Besides, 
the incidence of adverse events such as nausea 
and vomiting were also not well described in ac-
curate numbers in a few number of studies.

Efficacy of JOEI 

Survival rate

	 Eight trials reported the data of survival rate 
at 1, 2 and 3 years. After pooled analysis (Figure 
3), we found that the application of JOEI could sig-
nificantly reduce the risk of mortality. At 1 year 
after treatment, the risk ratio was 1.32 with a 95% 
CI ranging from 1.18 to 1.49 (p<0.00001), which 
could be explained as the patients in the interven-
tion group had a higher rate of survival. This was 
also found at 2-year (RR, 1.37; 95% CI, 1.17 to 1.61; 
p=0.0001) and 3-year (RR, 1.62; 95% CI, 1.26 to 
2.07; p=0.0002) results after intervention of JOEI 
(Table 2). 

Figure 2. Risk of bias. A: review of authors’ judgements 
about each risk of bias item for each included study; B: 
review of authors’ judgements about each risk of bias item 
presented as percentages across all included studies.

Table 2. Summary of pooled results 

Items Pooled RR 95%CI Z p 

1-year survival 1.32 1.18, 1.49 4.78 <0.00001

2-year survival 1.37 1.17, 1.61 3.85 0.0001

3-year survival 1.62 1.26, 2.07 3.76 0.0002

CR 1.57 1.21, 2.02 3.43 0.0006

PR 1.40 1.17, 1.67 3.67 0.0002

Quality of life 3.07 1.75, 5.38 3.92 <0.0001

Nausea and 
vomiting 0.81 0.45, 1.44 0.73 0.46

Neutropenia 0.57 0.36, 0.91 2.36 0.02

Radioactive 
esophagitis 0.52 0.35, 0.77 3.33 0.0009
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Response rate

	 A total of 14 studies provided the data on CR 
rate and the pooled analysis revealed that patients 
who received treatment with JOEI had a signifi-
cantly higher chance of achieving CR (OR, 1.63; 
95% CI, 1.27 to 2.10; p=0.0001) than patients in 
the control group. However, as illustrated by Fig-
ure 4, there was no significant difference between 
intervention and control groups with regard to PR 
(OR, 1.25; 95% CI, 0.97 to 1.60; p=0.09). Overall, 
by combining data of CR and PR, we found that 
patients treated with JOEI could have a better per-
formance in overall response than patients with-
out treatment of JOEI (OR, 1.42; 95% CI, 1.19 to 
1.70; p<0.0001).

Quality of life

	 Esophageal cancer patients usually have poor 
quality of life due to the malignant disease itself 
and its treatment. We performed this test to show 
whether JOEI could significantly improve the 
quality of life in such patients. After selection, 4 

studies were eligible for analysis. It was clear that 
treatment with JOEI was capable of improving 
the quality of life (OR, 3.01; 95% CI, 1.72 to 5.25; 
p=0.0001). 

Safety

	 Toxic effects of CRT have been well investigat-
ed and were expected to be reduced by using pro-
tective agents. In this study, we mainly assessed 
the protective effect of JOEI on reducing the inci-
dence of severe adverse events including nausea 
and vomiting, neutropenia, and radiation esophag-
itis. Of the 16 included studies, 6 reported grade 
3 or 4 nausea and vomiting, 5 showed grade 3 or 
4 neutropenia, and 10  studies reported radiation 
esophagitis cases. The systematic analysis showed 
that the administration of JOEI reduced, but not 
significantly, the incidence of nausea and vomiting 
(OR, 0.81; 95% CI, 0.45 to 1.44; p=0.46), neutropenia 
(OR, 0.81; 95% CI, 0.45 to 1.44; p=0.46), while ra-
diation esophagitis was significantly reduced (OR, 
0.47; 95% CI, 0.33 to 0.68; p<0.0001) (Figure 6). 

Figure 3. Meta-analysis of the effect of JOEI on the survival after treatment at different years. A: 1-year survival; B: 
2-year survival; C: 3-year survival.
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Figure 4. Meta-analysis of the effect of JOEI on the complete and partial response. A: complete response;
B: partial response.

Test for subgroup differences: Chi2=2.20. df=1 (P=0.14). I2=54.4%

Figure 5. Pooled analysis of the effect of JOEI on the improvement of quality of life.

A

B
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Figure 6. Meta-analysis of the effect of JOEI on preventing adverse events. A: nausea and vomiting; B: neutropenia;
C: radiation esophagitis.

Figure 7. Publication bias of the included studies shown by funnel plot.
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Risk of bias across studies

	 Treatment-related deaths were not common 
for both JOEI-containing and JOEI-free groups. 
Three studies reported cases of loss to follow-up 
during treatment. By calculating I2, we found that 
there was low to moderate risk of bias across stud-
ies (Figures 3-6). We also performed an additional 
analysis to detect if there was any possibility of 
publication bias, something that the funnel plot 
results denied (Figure 7).

Discussion

	 The present systematic review and meta-
analysis strongly supports that the application 
of JOEI as part of the tumor killing strategy for 
unresectable esophageal cancer in patients with 
intermediate or advanced disease stage provides a 
statistically significant improvement in 1-, 2-, and 
3-year survival rates, in health-related quality of 
life, and the overall response rate without increas-
ing the risk of adverse events. In these cases the 
RR or OR for 1-, 2-, 3-year survival, and overall 
response were 1.32, 1.37, 1.62, and 1.40, favouring 
the use of JOEI as part of the treatment strategy 
when compared with control regimens that did 
not include JOEI.
	 There were 16 trials with a total of 1269 es-
ophageal cancer patients (635 in the intervention 
group and 634 in the control group) included in 
this review, making it adequate to draw reasonalbe 
results and conclusions. A few studies did not have 
a good performance during follow up, however, it 
seemed that the pooled Hazard Ratio (HR) was not 
significantly affected by this situation. The hetero-
geneity between included articles was not statisti-
cally significant. The reviewers found that at least 
2 studies were ongoing and there could be more 
unreleased studies which may be eligible for in-
clusion in this review. And some results from the 
study by Liang et al. [28] were excluded as they 
did not publish efficacy related number of events 
in intervention and control groups. The funnel 
plots indicated that there was no significant pub-
lication bias favoring significant data which could 
overestimate the effect of intervention [28]. 
	 The findings of this study are in accordance 
with the results of the previously published article 
by Nie et al. [31] and Wang et al. [32], though these 
studies were designed to assess the effectiveness 
and safety of JOEI plus CRT to alleviate symptoms 
of lung cancer patients. The study of Nie et al. [31] 
included 21 randomized controlled trials involv-
ing more than 1600 patients. The pooled analy-
sis revealed that JOEI in combination with CRT 

was superior in improving complete response rate 
(p<0.01) and quality of life (p<0.01). Besides, it 
was found that the use of JOEI was capable of in-
creasing the survival time, enhancing the immune 
function, and decreasing the incidence of adverse 
events. They concluded that JOEI may have posi-
tive effects on lung cancer patients concerning 
the response rate, improvement of quality of life, 
and reducing the prevalence of some adverse ef-
fects when compared to CRT alone. However, the 
results were moderate due to the low quality of 
included studies. Another meta-analysis by Wang 
et al. [32] included 22 randomized controlled trials 
and their results showed that the combination of 
JOEI and chemotherapy could enhance the short-
term therapeutic effect (RR=1.31, 95% CI:1.18-1.45, 
p<0.00001), improve the quality of life (RR=1.78, 
95% CI:1.51-2.09, p<0.00001), the myelosuppres-
sion (OR=0.37, 95% CI:0.27-0. 51, p<0.00001) 
and the gastrointestinal reactions (OR=0.59, 95% 
CI:0.44-0.80, p=0.0007), with an improvement in 
immune function. Their study indicated that JOEI 
could enhance the chemotherapeutic efficacy in 
lung cancer patients, improve the quality of life 
and reduce adverse effect of platinum-containing 
chemotherapy regimens and thus it is worth us-
ing it in the clinical treatment of cancer. Although 
the subjects in our study were patients with es-
ophageal cancer, we found similar results to what 
Wang et al. found after the systematic analysis. 
JOEI in combination with RT could benefit es-
ophageal cancer patients with improved rate of 
response and quality of life, prolonged survival, 
and reduced incidence of adverse events.
	 Overall, JOEI-containing treatments exhib-
ited expected efficacy and acceptable toxicities. In 
the past, it was difficult to clarify how the JOEI 
exerts its antitumor effect due to its complicated 
components. In recent years, it is recognized that 
the oleic and linoleic acids, important components 
of the JOEI, show specific affinity for tumor cell 
membranes and exhibit potent antitumor activity. 
The triglycerides, also components of the JOEI, 
can be hydrolyzed into oleic acid and then subse-
quently revealing antitumor activity [12]. Nowa-
days, several mechanisms of tumor inhibiting or 
killing effects of JOEI have been revealed in sev-
eral types of cancer such as bladder cancer, lung 
cancer, and leukemia [33-35]. The study of Lou et 
al. [33] proved that brucea javanica oil induces ap-
optosis in bladder cancer cells via increasing the 
expressions of caspase-3, caspase-9, and inhibition 
of NF-kappaB and COX-2 levels. Xu and his col-
leagues [34] demonstrated that Brucea javanica oil 
(BJO) can inhibit the expression of VEGF mRNA 
and secretion of VEGF in A549 lung cancer cells in 
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a dose-dependent manner, which may be one of the 
mechanisms of its antitumor effect. Another study 
by Zhang et al. [35] investigated the antileukemic 
potential of JOEI in human acute myeloid leuke-
mia cell lines (AML) U937 and HL-60 in vitro and 
in a mouse U937 xenograft tumor model. The re-
sults revealed that BJO induced AML cell apopto-
sis through activation of caspase-8 and modula-
tion of apoptosis-related proteins. Meanwhile, the 
inhibition of survivin and XIAP increased the cy-
totoxicity of BJO. BJO also increased subG1 phase 
cells and caused PARP cleavage in AML leukemia 
cells, with weak cytotoxicity found in peripheral 
blood lymphocytes (PBLs) of healthy volunteers. 
In addition, the authors found that oleic acid and 
linoleic acid were the active components of BJO. 
Furthermore, intravenous injection of BJO signifi-
cantly inhibited U937 tumor growth in vivo. The 
above studies may explain how the BJO has sev-
eral therapeutic roles in the treatment of cancer.
	 All trials eligible for inclusion in this meta-
analysis were released in the past few years and 
some of them could be classified as well designed 
articles, which may be a reflection of increas-
ingly emphasis on high quality clinical trials by 
authors, reviewers and editors. In fact, after as-
sessing the quality of included studies, we found 
that nearly half of them were of low to moderate 
quality. Most of them only reported short-term re-
sponse rates but not survival rates, possibly for 
quick publication or lack of knowledge of statis-
tics. Few studies reported the survival rates at 1, 
2, and 3 years, and numbers of cases lost to follow-
up. There were also potential biases in the process 

of reviewing. Although it has been demonstrated 
in many studies the benefit of JOEI, there may 
still be uncertainty about its dose and treatment 
duration. The doses and duration of JOEI varied 
between different studies, so the most effective 
strategy of using JOEI could not be identified in 
our meta-analysis. Trials with significant publica-
tion bias might partially have an influence on the 
results of the present study, overestimating the ef-
fect of JOEI. Another reason of overestimation of 
the treatment efficacy of JOEI could possibly be 
due to publication bias of favoring significant re-
sults. Although we tried to avoid potential biases, 
this study may still contain some of them.

Conclusions

	 The present study strongly suggests the use of 
JOEI as part of the treatment strategy for esopha-
geal cancer aiming at improving both survival, 
response rate and quality of life, and reducing the 
toxicities of chemotherapy and/or RT. Although 
a JOEI-containing treatment regimen should be 
considered for patients with esophageal cancer, 
the dose and duration of the intervention needs 
to be well investigated as there is still lack of ap-
plicable evidence. So, ongoing and future clinical 
trials are required to define the most effective use 
of JOEI when combined with chemotherapy and/
or RT for patients with cancer.
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