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Abstract We aimed to review the therapeutic effects of neo-
adjuvant chemoradiotherapy (NCRT), chemotherapy (NCT),
and radiotherapy (NRT) on patients with resectable
Esophageal cancer (EsC) by comparison with surgery alone
(SA). PubMed, EMBASE and Cochrane were searched for
eligible studies published up to March 2015. Cochrane re-
views were used for quality assessment. Eight primary out-
comes were analyzed. Risk ratios (RRs)/ hazard ratios (HRs)
and corresponding 95% confidence intervals (95% CIs) were
calculated using the random- or fixed- effects model.
Heterogeneity was assessed using the Chi-square-based Q sta-
tistic and the I2test. Publication bias was examined by the
Begg’s funnel plot. Totally 24 articles including 4718 EsC
cases were eligible for this meta-analysis. The quality of
the literatures was relatively high. Significant difference
was found in five-year survival rate (RR = 1.45, 95%
CI: 1.17–1.79, P < 0.01) between patients treated with
NCT and SA, while the eight enrolled primary outcomes
were all statistically different between NCRT and SA,
and significant difference was identified in three-year
survival between NCRT and NCT (RR = 1.35, 95% CI:
1.14–1.60, P < 0.01). No obvious publication bias was ob-
served. NCRT and NCT provide an obvious benefit for EsC
treatment over SA, and NCRT possesses a clear advantage
compared with NCT.

Keywords Esophageal cancer . Neoadjuvant
chemoradiotherapy . Neoadjuvant chemotherapy .

Neoadjuvant radiotherapy .Meta-analysis

Introduction

Esophageal cancer (EsC) is the sixth deadliest cancer among
all malignant tumors in mortality and affects more than 450
thousand people worldwide [1] . EsC is characterized with
extremely aggressive nature and poor survival rate [2] and it
is generally categorized as adenocarcinoma (AC) and
squamous cell carcinoma (SCC). The American Cancer
Society Cancer 2009 statistics reported that the 5-year
survival rate for EsC patients is only 17%, with a better
survival rate for local (33.7%) or regional (16.9%) com-
pared with distant disease (2.9%) at presentation [3]
Recent advances in the management of this neoplastic
condition have led to small but significant improvements in
survival [4].

Management of EsC has been refined since the last de-
cades. Esophagectomy remains as the primary treatment and
plays a pivotal role in dealing with this disease [5]. In case of
persistent or recurrent EsC, salvage esophagectomy is really a
possible option, this procedure, however, is considered to be
associated with a high level of perioperative morbidity and
mortality [6]. Chemotherapy and radiotherapy before surgery
could improve the control of local or distant disease by in-
creasing the surgical resect ability and down staging cancer,
which is crucial to reduce the frequency of disease recurrence
before operation [7]. Nonetheless, surgical resection, chemo-
therapy or radiation as a single modality treatment for EsC
produces poor long-term survival, which prompts the evolu-
tion of neoadjuvant therapy in the form of chemotherapy and/
or radiation followed by surgery [8]. Comparing with surgery
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alone (SA), neoadjuvant therapy has resulted in a better out-
come in several randomized trials [8, 9]. Whereas, the
roles of multimodal treatment with neoadjuvant chemo-
radiotherapy followed by surgery (NCRT), neoadjuvant
chemotherapy followed by surgery (NCT), and neoadju-
vant radiotherapy followed by surgery (NRT) in improv-
ing surgical results have been mixed and were disappointing
for the reason that trials were generally small and lacked sta-
tistical power [10].

Previous meta-analyses [11, 12] provide strong evidence
for the survival benefit of NCRT or NCT over SA in patients
with ESC. However, researches on comparison of neo-
adjuvant treatments and SA performed in the past three
years have not yet been assessed. Besides, differences
of interventions on EsC were assessed according to just
one or two indicators such as all-cause mortality and 2-
year absolute survival. In the present study, we aimed to
comprehensively compare the survival outcome of NCRT,
NCT, NRTand SA in dealing with resectable EsC, and sought
to provide a basis for the preferred therapies in clinical
practice.

Materials and Methods

Data Sources and Search Strategy

A systematic search was performed through PubMed
(http://www.ncbi.nlm.nih.gov/pubmed), EMBASE
(http://www.embase.com) and Cochrane (http://www.
cochrane.org/) up to March 2015 for all randomized
controlled trials related to esophageal neoplasms
management. Search strategy was applied as follows:
[((chemoradiotherapy OR chemotherapy OR radiotherapy)
AND neoadjuvant) AND (resectable AND (neoplasms OR
carcinoma OR cancer) AND ((esophageal OR oesophageal)
OR ((esophagogastric OR gastroesophageal) AND
junction))].

Selection Criteria

Articles were selected by two investigators independent-
ly and the result was reviewed by a third investigator.
Inclusion criteria of eligible studies were: i) a random-
ized controlled trial; ii) patients with diagnosis of re-
sectable ESC; iii) primary outcome including periopera-
tive mortality, disease recurrence, DFS, OS and/or one-,
two- or five-year survival rate; iv) application of NCRT,
NCT or NRT on resectable EsC; and v) no significant
differences in age, gender, pathology or stage of tumor
between the treatment group and control group. Studies
were excluded if they were: i) reviews, reports, comments or
letters; ii) not written in English.

Data Extraction and Quality Assessment

Two investigators independently extracted the following in-
formation from the eligible studies: the first author, year of
publication, baseline characteristics of the participants such as
gender and age, follow-up period, histological subtype (SCC
and AC), treatment modalities and chemotherapeutics.
Results were compared and reviewed by a third investigator
until a consensus was reached.

The methodological quality of included articles was evalu-
ated based on the Cochrane Handbook for Systematic
Reviews of Interventions (updated in March 2011) by identi-
fying, appraising and synthesizing research-based evidence
and presenting it in an accessible format [13, 14].

Statistical Analysis

All statistical analyses were performed by RevMan 5.3. The
heterogeneity among the included studies was assessed using
the Chi-square-based Q statistic and the I2 test (2, 3). P < 0.05
(Q statistic) or I2 ≥ 50% was considered as the presence of
heterogeneity among studies, and then the random-effects
model was chosen for meta-analysis; otherwise, the fixed ef-
fects model would be used.

According to the intervention, patients from the eligible
researches were divided into four groups (NCRT, NCT, NRT
and SA). Primary outcomes such as radical resection (R0),
perioperative mortality, disease recurrence, DFS, OS and/or
one-, two- or five-year survival rate were assessed in this
analysis. Combined risk ratio (RRs)/ hazard ratio (HRs) cor-
responding to their 95% confidence intervals (CIs) were cal-
culated to compare outcomes of NCRT vs. SA, NCT vs. SA
and NCRT vs. NCT vs. NRT. P ≤ 0.05 was considered as
statistical difference. To determine the stability of these re-
sults, sensitivity analysis was performed by comparing the
pooled results of the random-effects model with that of the
fixed effects model. Publication bias was examined by the
visual inspection of the Begg’s funnel plot.

Results

Search Results and Study Characteristics

A total of 538 potentially relevant articles were obtained. Of
these studies, 204 were excluded for duplicate publication.
Then, 299were excluded (93 not related to resectable EsC,
73 without needed outcomes, 59 reviews or meeting reports,
41 non-TCTs and 34 non-English articles). After reviewing
full-text of the remaining studies, we further excluded 11 ar-
ticles (4 non-RCT studies, 3 without included primary out-
comes, 2without the comparison of NRCT, NCT, NRT and/
or SA, and 2with duplicated data). Finally, 24 articles
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including 4718 EsC cases were retrieved for the present meta-
analysis [15–38].

As shown in Table 1, 12 involved with comparison of
NCRT vs. SA (n = 1868), eight with comparison of NCT vs.
SA (n = 1997), two with comparison of NCRT vs. NCT
(n = 194) and two with comparison of NCRT vs. NCT vs.
NRT vs. SA (n = 659). Follow-up periods of all these quanti-
fied trials ranged from 12 to 98 months. Histological types of
the involved cases included SCC and AC, and only disease
recurrence were assessed by stratifying the cases with histo-
logical types.

Quality Assessment

Studies in this meta-analysis were all RCTs, therefore
Cochrane reviews were used for quality assessment. All the
quantified studies were with low risk of bias (selection bias
and detection bias), and/or unclear bias for not mentioning the
blinded method (Fig. 1). Two articles [33, 38] involved per-
formance bias belongs to high risk of bias. These results sig-
nified a relatively high level of research selection.

Heterogeneity Test

Comparisons of NCT vs. SA, NCRT vs. SA and NCRT vs.
NCT vs. NRT were conducted by RRs with 95% CIs of pri-
mary outcomes respectively. Significant heterogeneity was

presented in disease recurrence (P = 0.003, I2 = 72%; NCT
vs. SA), radical resection (P < 0.01, I2 = 87%) and disease
recurrence (P = 0.04, I2 = 50%) among studies involving
NCRT vs. SA. When the meta-analysis was stratified by his-
tological type, the heterogeneity across individual studies
researching on disease recurrence between NCT and SAwas
eliminated. Nevertheless, no significant between-study het-
erogeneity was verified for other conditions.

Comparison of Primary Outcomes

Therapeutic effect of NCT vs. SAwas compared based on six
indexes from ten articles including 2331 cases (NCT/SA:
1168/1163, 15–17, 21, 23, 24, 27, 30, 32, 38]. Combined
RR showed significant difference in five-year survival rate
(RR = 1.45, 95% CI: 1.17–1.79, P < 0.01) between patients
treated with NCTand SA, while no statistically difference was
found in the other 5 outcome indicators. When the
meta-analysis was stratified by histological type, disease
recurrence of patients suffering from SCC and AC revealed
significant difference between intervention with NCT and SA
(RR = 1.22, 95% CI: 1.05–1.41, P = 0.01).

Therapeutic effect of NCRT and SA for EsC were
contrasted by eight indexes from 14 studies including 2198
cases (NCRT/SA: 1093/1105) [18, 19, 21, 22, 25, 26, 28–31,
34–37]. The pooled results revealed significant differences in
all of the eight indicators including R0 (RR = 1.15, 95% CI:

Fig. 1 Cochrane reviews for the eligible studies: a Risk of bias graph; b Risk of bias summary
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1.02–1.30, P = 0.02), perioperative mortality (RR = 1.53, 95%
CI: 1.04–2.25, P = 0.03), disease recurrence (RR = 0.73, 95%
CI: 0.57–0.93, P = 0.01), DFS (HR = 0.63, 95% CI: 0.52–
0.76, P < 0.01), OS (HR = 0.79, 95% CI: 0.68–0.92),
P < 0.01), and one- (RR = 1.13, 95% CI: 1.03–1.23,
P < 0.01), two- (RR = 1.30, 95% CI: 1.16–1.45, P < 0.01)
and five-year survival rate (RR = 1.36, 95% CI: 1.15–1.61,
P < 0.01).

Meanwhile, contrast of NCRT, NCT and NRT was per-
formed by three-year survival rate and significant difference
was identified between NCRT and NCT (RR = 1.35, 95% CI:
1.14–1.60, P < 0.01). There was no evidence of statistically
difference between NCRT vs. NRT and NRT vs. NCT
(P > 0.05).

Sensitivity Analysis and Publication Bias

Except for three-year survival rate of NRT vs. NCT, combined
effects of all indexes showed no various differences between
two models. The relatively symmetrical distribution of the
funnel plot for NRCT vs. SA and NCT vs. SA reflected that
there was no obvious publication bias among literatures.

Discussion

In our present study, totally 24 articles including 4718EsC
patients and eight clinical outcomes were retrieved in this
meta-analysis. Results demonstrated that patients statistically
benefited from NCT in five-year survival rate when compared
with SA. Significant differences were also verified in all of the
eight analyzed indicators between NRCT and SA. Besides,
three-year survival rates were statistically different in the
NCRT group and NCT group.

In a previous meta-analysis, the meta-analysis of
Gebskiet al. [11] was renewed by Sjoquistet al. [12] via
adding updated randomized trials, which provided strong ev-
idence for a survival benefit of NCRT and NCT over surgery
in patients with EsC, while a clear advantage of NCTR over
NCT has not been established. Consistent with previously
published meta-analysis, NRCT and NCT were found to be
superior to SA in treating patients suffering from EsC accord-
ing to our results. Previous researches draw this conclusion
based on all-cause mortality and/or two-year absolute surviv-
al, while we enrolled six primary outcomes for consequences
of NCT vs. SA, and two additional outcome indicators (DFS,
OS) for NRCT vs. SA. Results reflected that EsC patients
benefited from NCT with aspects of effective R0, improve-
ment of five-year survival and reducing of SCC recurrence,
while NRCTwas superior to SA in all statistical indicators. In
addition, pooled contrast of NCRTand NCT from four studies
manifested significant difference in three-year survival rate,
which is adverse with the peroration by Sjoquistet al. This

disparity may be explained by the difference of enrolled mon-
itoring indicators, studied population and/or eligible articles.

In our analysis, heterogeneity was discovered. When strat-
ified by histological type, heterogeneity was eliminated in
disease recurrence between NCT and SA, suggesting the pos-
sibility of histological type as one source of heterogeneity. On
the other hand, patients inmost of the eligible studies suffering
from EsC clinically limited to stage one, two or three, while
cases studied by Allum et al. were ranged through all stages.
Moreover, chemotherapeutics used in these researched, such
as fluorouracil, cisplatin, Cis-platinum, and 5-fluorouracil,
were different from each other. Thus, both of different cancer
stages of cases enrolled in different studies and difference in
chemotherapeutics may contribute to the existence of
heterogeneity.

The present meta-analysis has several limitations. Firstly, a
relatively small number of studies were quantified in this me-
ta-analysis, indicating that the results should be cautiously
expounded. Secondly, results of our study might not reflect
true therapeutic effect of NRT due to the deficiency of relevant
researches. Thirdly, meta-analysis is a retrospective research
tool which is subject to methodological deficiencies, such as
poor representative of population and lack of appropriate con-
trol group.

Despite the above limitations, we concluded that NCRT
and NCT provide an obvious benefit for EsC treatment over
SA. Besides, NCRT possesses a clear advantage compared
with NCT. However, rigorously designed studies including
large number of studies and population are needed to confirm
our results.
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