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Abstract
AIM: To compare neoadjuvant chemoradiotherapy and 
surgery with surgery alone for resectable esophageal 
carcinoma.

METHODS: We used MEDLINE and EMBASE databases 
to identify eligible studies and manual searches were 
done to ensure no studies were missed. Trial validity 
assessment was performed and a trial quality score was 
assigned. 

RESULTS: Eleven randomized controlled trials (RCTs) 
including 1308 patients were selected. Neoadjuvant 
chemoradiotherapy significantly improved the overall 
survival compared with surgery alone. Odds ratio (OR) 
[95% confidence interval (CI), P  value], expressed 
as neoadjuvant chemoradiotherapy and surgery vs  
surgery alone, was 1.28 (1.01-1.64, P  = 0.05) for 
1-year survival, 1.78 (1.20-2.66, P  = 0.004) for 3-year 
survival, and 1.46 (1.07-1.99, P  = 0.02) for 5-year 
survival. Postoperative mortality increased in patients 
treated by neoadjuvant chemoradiotherapy (OR: 
1.68, 95% CI: 1.03-2.73, P  = 0.04), but incidence of 
postoperative complications was similar in two groups 
(OR: 1.14, 95% CI: 0.88-1.49, P  = 0.32). Neoadjuvant 
chemoradiotherapy lowered the local-regional cancer 
recurrence (OR: 0.64, 95% CI: 0.41-0.99, P  = 0.04), 
but incidence of distant cancer recurrence was similar 
(OR: 0.94, 95% CI: 0.68-1.31, P  = 0.73). Histological 
subgroup analysis indicated that esophageal squamous 
cell carcinoma did not benefit from neoadjuvant 

chemoradiotherapy, OR (95% CI, P  value) was 
1.16 (0.85-1.57, P  = 0.34) for 1-year survival, 1.34 
(0.98-1.82, P  = 0.07) for 3-year survival and 1.41 
(0.98-2.02, P  = 0.06) for 5-year survival.

CONCLUSION: Neoadjuvant chemoradiotherapy can 
raise the survival rate of patients with esophageal 
adenocarcinoma.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Esophageal carcinoma (EC) is the sixth commonest 
cause of  tumor-related death around the world[1]. It 
is endemic in Asia, southern and eastern Africa, and 
northern France[2,3]. North America and many western 
European countries are low-incidence regions, but the 
nearly 6-fold increase in the incidence of  esophageal 
adenocarcinoma (EAC) in the past three decades and 
the corresponding 7-fold increase in mortality are 
remarkable. Surgery has always been considered as 
the standard treatment for patients with resectable 
esophageal cancer, but the effectiveness of  surgery alone 
was unsatisfactory and the median survival of  patients 
treated by surgery alone rarely exceeded 18 mo[4]. So 
clinicians always make efforts to seek for new treatment 
strategies to prolong the survival time of  patients with 
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EC. Recently neoadjuvant chemoradiotherapy plus 
surgery has been studied widely, but opinions vary 
among clinicians as to the therapeutic effect of  the new 
method, and the outcomes of  randomized controlled 
trials (RCTs) were not consistent. Published meta-
analyses did not reach a consensus, some of  which was 
short of  enough RCTs or adopted unpublished data. 
The current study aims to perform a meta-analysis to 
compare neoadjuvant chemoradiotherapy plus surgery 
with surgery alone for resectable EC by enough eligible 
published RCTs to date.

MATERIALS AND METHODS
Computerized bibliographic and manual searches were 
done to identify all eligible published literature between 
1980 and 2008. MEDLINE and EMBASE were the 
primary source of  RCTs, with the following key words: 
esophageal cancer, surgery, radiotherapy, chemotherapy, 
neoadjuvant chemoradiotherapy and RCT. Manual 
searches were performed by reviewing articles and ab-
stracts cited in the published meta-analysis and RCTs.

The eligible studies must meet the following inclu-
sion criteria: (1) It must be a prospective RCT which 
compares neoadjuvant chemoradiotherapy plus surgery 
with surgery alone in the initial management of  resect-
able EC; (2) Outcomes must include survival data; (3) 
There was no statistical significance in factors such as 
sex, age, type of  pathology, tumour stage between the 
two groups; and (4) Studies were analyzed by intention-
to-treat patients. Trials were not excluded because of  
cancer histology (squamous cell carcinoma or adeno-
carcinoma) or language of  publication. Unpublished 
reports, abstracts and theses were excluded. This meta-
analysis was performed according to the QUOROM 
statement[5].

All data were abstracted by three independent re-
searchers and the methodological qualities of  all RCTs 
were assessed by three aspects: blinding, randomization 
and handling withdrawals and dropouts[6]. If  researchers 
had discrepancies in assessing RCTs, a consensus was 
reached by discussion.

Outcomes including 1-year survival, 3-year survival, 
5-year survival, postoperative mortality, incidence of  
postoperative complication, incidence of  local-regional 
cancer recurrence and incidence of  distant cancer recur-
rence were analyzed. In two trials[7,8] we used the Kaplan-
Meier estimate of  the 1-year survival and 3-year survival 
in the two groups and the data for the 5-year survival 
was obtained from another trial[9] in the same way. The 
remaining data were directly available in the correspond-
ing RCTs. Evaluation of  therapeutic effectiveness, in-
cluding survival rate and incidence of  recurrence, was 
performed in all patients who were enrolled in these 
trials, but for postoperative events, data were calculated 
only based on the number of  patients who underwent 
surgery as the denominator. Sensitivity analyses were 
performed to identify the effect of  histological subtype 
(squamous cell carcinoma or adenocarcinoma) and 

scheduling of  neoadjuvant chemoradiotherapy (concur-
rent or sequential) on survival.

Data were analyzed by RevMan 4.2.10. χ2 tests were 
used to assess heterogeneity of  study results and a planned 
cut-off  for significance of  P ≤ 0.05. If  P > 0.05, we 
used a fixed effect model, otherwise we used a random 
effect model. The odds ratios (OR) among the frequency 
of  events in both neoadjuvant chemoradiotherapy plus 
surgery group (CRT group) and surgery alone group (S 
group) was calculated and these OR are presented as a 
point estimate with 95% confidence intervals (CI) and P 
values in parentheses. The significance level was set at 5%. 
Funnel plot analysis did not suggest publication bias against 
negative trials.

RESULTS
Features of RCTs
Eleven randomized studies were identified from 1980 to 
2008 and the main features of  the trials included in the 
meta-analysis are shown in Table 1[7-17]. All studies were 
published literature. Nine countries including Australia, 
United States of  America, China, France, Ireland, Japan, 
Korea, Norway and Thailand were involved in the RCTs. 

The studies were carried out from 1983 to 2002 
and the literatures were published between 1992 and 
2008. Because double blinding can not be performed 
due to the inherent difficulty of  the design of  the trial 
(e.g. chemotherapy and radiotherapy) and the method 
of  randomization was not reported in most trials, the 
RCT quality scores ranged from 1 to 3 (5-point scale) 
and the average was 2.3[5,6]. Of  these 11 studies, seven 
were restricted to patients with esophageal squamous 
cell carcinoma (ESCC) only, one was restricted to 
patients with EAC only, and the remaining three trials 
enrolled patients with either ESCC or EAC. The 11 
RCTs included 1308 patients, 659 of  whom received 
neoadjuvant chemoradiotherapy before surgery, and the 
remaining 649 patients received surgery alone. Nearly 
all the patients in the S group underwent surgery, yet 
there were more patients in the CRT group who had 
not completed the planned treatment regimen for 
various causes such as side effects of  chemotherapy or 
metastasis of  cancer before surgery. The tumor stage of  
the most patients in the 11 studies ranged from Ⅰ-Ⅲ 
(1987 UICC), but more advanced tumor stage (Ⅳa) was 
also seen in two RCTs[9,11]. In addition, tumor stages were 
classified in the RCT by Le Prise et al[15] according to the 
1978 American Joint Committee on Cancer, which was 
not a TNM staging. Finally tumor stage was not reported 
in the RCT by Walsh et al[16].

Survival rate
The effect of  neoadjuvant chemoradiotherapy on surviv-
al rate is shown in Figure 1. Obviously, there was statisti-
cal significance in survival rate between the two groups. 
OR (95% CI, P value), expressed as neoadjuvant chemo-
radiotherapy plus surgery vs surgery alone, was 1.28 
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Figure 1  Postoperative survival rate in neoadjuvant chemoradiotherapy and surgery compared with surgery alone. A: One-year survival; B: Three-year 
survival; C: Five-year survival. CRT + S: Neoadjuvant chemoradiotherapy and surgery; S: Surgery; OR: Odds ratio; CI: Confidence interval.

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: 5-yr survival

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Apinop et al [14] 1994   8/35   3/34     3.54   3.06 (0.74, 12.71)
Bosset et al [17] 1997   47/143   44/139   45.13 1.06 (0.64, 1.74)
Urba et al [9] 2001 10/50   5/50     6.03 2.25 (0.71, 7.14)
An et al [12] 2003 19/48 12/49   10.81 2.02 (0.85, 4.83) 
Burmeister et al [10] 2005   21/128   19/128   23.93 1.13 (0.57, 2.21)
Natsugoe et al [11] 2006 12/22 10/23     6.70 1.56 (0.48, 5.06)
Tepper et al [8] 2008 12/30   4/26     3.87   3.67 (1.01, 13.34)

Total (95% CI) 456 449 100.00 1.46 (1.07, 1.99)
Total events: 129 (CRT), 97 (S)
Test for heterogeneity: χ2 = 6.25, df  = 6 (P  = 0.40), I 2 = 4.0%
Test for overall effect: Z  = 2.37 (P  = 0.02)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: 3-yr survival

Study or 
sub-category

CRT
n/N

S
n/N

OR (random)
95% CI

   Weight
   %

OR (fixed)
95% CI

Nygaard et al [13] 1992   9/53   5/50     7.68 1.84 (0.57, 5.93)
Apinop et al [14] 1994   9/35   7/34     8.08 1.34 (0.43, 4.11)
Le Prise et al [15] 1994   8/41   6/45     7.80 1.58 (0.50, 5.00)
Walsh et al [16] 1996 19/58   3/55     6.74   8.44 (2.33, 30.57)
Bosset et al [17] 1997   56/143   51/139   17.04 1.11 (0.69, 1.80)
Urba et al [9] 2001 15/50   8/50     9.70 2.25 (0.85, 5.92)
Lee et al [7] 2004 24/51 21/50   12.05 1.23 (0.56, 2.69)
Burmeister et al [10] 2005   42/128   36/128   16.12 1.25 (0.73, 2.13)
Natsugoe et al [11] 2006 12/22 11/23     7.66 1.31 (0.41, 4.23)
Tepper et al [8] 2008 20/30   5/26     7.13   8.40 (2.44, 28.91)

Total (95% CI) 611 600 100.00 1.78 (1.20, 2.66)
Total events: 214 (CRT), 153 (S)
Test for heterogeneity: χ2 = 17.56, df  = 9 (P  = 0.04), I 2 = 48.7%
Test for overall effect: Z  = 2.85 (P  = 0.004)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: 1-yr survival

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Nygaard et al [13] 1992 21/53 17/50     9.26 1.27 (0.57, 2.84)
Apinop et al [14] 1994 17/35 13/34     5.95 1.53 (0.59, 3.98)
Le Prise et al [15] 1994 19/41 21/45     9.42 0.99 (0.42, 2.31)
Walsh et al [16] 1996 30/58 24/55   10.43 1.38 (0.66, 2.90)
Bosset et al [17] 1997   99/143   93/139    25.44 1.11 (0.67, 1.84)
Urba et al [9] 2001 36/50 29/50     7.12 1.86 (0.81, 4.29)
Lee et al [7] 2004 35/51 40/50   11.11 0.55 (0.22, 1.36)
Burmeister et al [10] 2005   95/128   81/128   18.31 1.67 (0.98, 2.85)
Tepper et al [8] 2008 25/30 19/26     2.97 1.84 (0.51, 6.71)

Total (95% CI) 589 577 100.00 1.28 (1.01, 1.64)
Total events: 377 (CRT), 337 (S)
Test for heterogeneity: χ2 = 6.21, df  = 8 (P  = 0.62), I 2 = 0%
Test for overall effect: Z  = 2.00 (P  = 0.05)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

C

B

A
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(1.01-1.64, P = 0.05) for 1-year survival, 1.78 (1.20-2.66, 
P = 0.004) for 3-year survival and 1.46 (1.07-1.99, P = 
0.02) for 5-year survival. Subgroup analysis showed that 
there was no survival benefit from neoadjuvant chemo-
radiotherapy in EC patients when chemotherapy and ra-
diotherapy were given sequentially. On the contrary, EC 
patients benefited from concurrent chemoradiotherapy. 
The corresponding OR (95% CI, P value) is shown in 
Table 2. Moreover, patients with ESCC did not get any 
survival benefit from neoadjuvant chemoradiotherapy 
and corresponding OR (95% CI, P value) is shown in 

Table 3. In addition, another subgroup analysis indicated 
that the 3-year survival in CRT group was significantly 
higher than that of  S group in patients of  the USA and 
Europe, but in patients of  Asia, it was a pessimistic result 
(Table 4).

Morbidity after surgery
The resection rate in patients treated with surgery alone 
was markedly higher than that in patients treated with 
preoperative chemoradiotherapy (OR: 0.36, 95% CI: 
0.24-0.54, P < 0.00001), but patients treated with preop-
erative chemoradiotherapy were more likely to obtain a 
complete resection (R0 resection), which was defined as 
gross disease removed with negative margins (OR: 2.16, 
95% CI: 1.58-2.97, P < 0.00001) (Figure 2). Mortality 

Table 1  Features of all trials included in the meta-analysis

Country Year of RCT 
published

SCC or AC Schedule of 
radiotherapy

Schedule of chemotherapy Concurrent or 
sequential

Time of surgery

Norway 1992 SCC 35 Gy Cisplatin: 20 mg/m2 D1-5, D15-19 Sequential Not report
1.75 Gy/d Bleomycin: 10 mg/m2 D1-5, D15-19
5 d/wk for 4 wk

Thailand 1994 SCC 40 Gy Cisplatin: 100 mg/m2 D1, 29 Concurrent 4 wk after completion of chemotherapy
2 Gy/d FU: 1000 mg/m2 D1, D29-32
5 d/wk for 4 wk

France 1994 SCC 20 Gy Cisplatin: 100 mg/m2 D1,21 Sequential D42
2 Gy/d FU: 600 mg/m2 D2-5, D22-25
D8-19

Ireland 1996 AC 40 Gy Cisplatin: 75 mg/m2 D7 Concurrent 8 wk after CRT
2.67 Gy/ d FU: 15 mg/kg D1-5
D1-5, 8-12, 15-19 Week 1 and week 6

France 1997 SCC 37 Gy Cisplatin: 80 mg/m2 D0-2 Sequential 2-4 wk after CRT
3.7 Gy/d
5 d/wk for 2 wk

USA 2001 SCC and AC 45 Gy Cisplatin: 20 mg/m2 D1-5, 17-21 Concurrent D42
1.5 Gy bid FU: 300 mg/m2 D1-21
D1-5, 8-12, 15-19 Vinblastine: 1 mg/m2 D1-4, 17-20

China 2003 SCC 36 Gy Cisplatin: 25 mg/m2 D2-5, D22-25 Sequential 3 wk after CRT
3 Gy/d FU: 1000 mg/m2 D1-5
D21-24, 28-31, 35-38 500 mg/m2 D21-25 

Korea 2004 SCC 45.6 Gy Cisplatin: 60 mg/m2 D1, 21 Concurrent 3-4 wk after completion of radiotherapy
1.2 Gy bid FU: 1000 mg/m2 D2-5
D1-28

Australia 2005 SCC and AC 35 Gy Cisplatin: 80 mg/m2 D1 Concurrent 3-6 wk after completion of radiotherapy
2.33 Gy/d FU: 800 mg/m2 D2-5
5 d/wk for 3 wk

Japan 2006 SCC 40 Gy Cisplatin: 7 mg/m2 Concurrent 35-40 d after CRT
2 Gy/d FU: 350 mg/m2

5 d/wk for 4 wk 5 d/wk for 4-6 wk
USA 2008 SCC and AC 50.4 Gy Cisplatin: 100 mg/m2 D1,29 Concurrent 3-8 wk after CRT

1.8 Gy/d FU: 1000 mg/m2 D1-4, D29-32
5 d/wk for 5.5 wk

SCC: Squamous cell carcinoma; AC: Adenocarcinoma; CRT: Chemoradiotherapy.

Table 2  Survival rate estimates of patients with EC by 
schedule of chemoradiotherapy

Schedule 

of CRT

Overall 

survival

No. of 

studies

 No. of patients OR (95% CI) P

CRT + S   S
Sequential 1 yr 3 237   234 1.12 (0.77, 1.64) 0.56

3 yr 3 237   234 1.24 (0.82, 1.88) 0.31
5 yr 2 191   188 1.24 (0.81, 1.91) 0.32

Concurrent 1 yr 6 352   343 1.41 (1.03, 1.94) 0.03
3 yr 7 374  366 2.12 (1.20, 3.76)  0.011

5 yr 5 265   261 1.72 (1.10, 2.71) 0.02

1Random effects model was used. EC: Esophageal carcinoma; CRT + S: 
Neoadjuvant chemoradiotherapy and surgery; S: Surgery; OR: Odds ratio; 
CI: Confidence interval.
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Table 3  Survival rate estimates of patients with ESCC for 
neoadjuvant chemoradiotherapy compared with surgery alone

Overall 

survival

No. of 

studies

  No. of patients OR (95% CI) P

CRT + S S

1 yr 6 368 368 1.16 (0.85, 1.57) 0.34
3 yr 7 390 391 1.34 (0.98, 1.82) 0.07
5 yr 5 293 295 1.41 (0.98, 2.02) 0.06

ESCC: Esophageal squamous cell carcinoma.
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after surgery varied from 0% to 23.5% in CRT group (the 
highest mortality was in the RCT by Nygaard et al[13]) and 
from 0% to 14.7% in S group (the highest mortality was 
in the RCT by Apinop et al[14]). Mortality after surgery in 
CRT group was higher than that in S group (OR: 1.68, 
95% CI: 1.03-2.73, P = 0.04) (Figure 3). But if  the RCT 
by Nygaard et al[13] or the RCT by Bosset et al[17] were ex-
cluded, there was no significant difference between the 
two groups and corresponding OR (95% CI, P value) was 
1.66 (0.99-2.79, P = 0.06) and 1.30 (0.75-2.28, P = 0.35). 

The postoperative complications included nonfatal and 
fatal complications. There was no significant difference 
between the two groups (OR: 1.14, 95% CI: 0.88-1.49, 
P = 0.32) (Figure 4). 

Effect on recurrence 
First treatment failure was defined as unequivocal 
histological or radiological evidence of  tumor recurrence 
for the first time after surgery wherever the tumor relapsed. 
Seven RCTs provided related data on tumor recurrence. 
The patients treated by preoperative chemoradiotherapy 
had lower incidence of  local recurrence (OR: 0.64, 95% CI: 
0.41-0.99, P = 0.04) (Figure 5A), but the two groups had no 
significant difference in distant recurrence (OR: 0.94, 95% 
CI: 0.68-1.31, P = 0.73) (Figure 5B).

DISCUSSION
Our meta-analysis indicated that patients treated by neo-

Table 4  Three-year survival in different population

Population No. of 

studies

 No. of patients OR (95% CI) P

CRT + S S
USA 2   80   76 3.74 (1.77, 7.88) 0.0005
Europe 4 295 289 1.59 (1.09, 2.33)   0.02
Asia 3 108 107 1.27 (0.72, 2.24)   0.40

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: Postoperative mortality

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Nygaard et al [13] 1992   8/34   5/38   14.12 2.03 (0.59, 6.95)
Apinop et al [14] 1994   5/26   5/34   13.69 1.38 (0.35, 5.39)
Le Prise et al [15] 1994   3/35   3/42     9.75 1.22 (0.23, 6.46)
Walsh et al [16] 1996   4/52   2/55     7.02   2.21 (0.39, 12.60)
Bosset et al [17] 1997   17/138     5/137   17.21   3.71 (1.33, 10.36)
Urba et al [9] 2001   1/47   2/50     7.42 0.52 (0.05, 5.95)
An et al [12] 2003   0/48   0/49 Not estimable
Lee et al [7] 2004   1/35   1/48     3.20   1.38 (0.08, 22.89)
Burmeister et al [10] 2005     5/105     6/110   21.83 0.87 (0.26, 2.93)
Tepper et al [8] 2008   0/26   1/26     5.76 0.32 (0.01, 8.24)

Total (95% CI) 546 589 100.00 1.68 (1.03, 2.73)
Total events: 44 (CRT), 30 (S)
Test for heterogeneity: χ2 = 5.73, df  = 8 (P  = 0.68), I 2 = 0%
Test for overall effect: Z  = 2.09 (P  = 0.04)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Figure 3  Postoperative mortality in neoadjuvant chemoradiotherapy and surgery compared with surgery alone.

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: R0 resection rate

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Nygaard et al [13] 1992 26/53 15/50   14.76 2.25 (1.00, 5.05)
Le Prise et al [15] 1994 35/41 38/45     9.95 1.07 (0.33, 3.51)
Bosset et al [17] 1997 112/143   94/139   38.78 1.73 (1.01, 2.95)
An et al [12] 2003 41/48 32/49     8.67 3.11 (1.15, 8.41)
Burmeister et al [10] 2005 103/128   76/128   27.85 2.82 (1.61, 4.94)

Total (95% CI) 413 411 100.00 2.16 (1.58, 2.97)
Total events: 317 (CRT), 255 (S)
Test for heterogeneity: χ2 = 3.40, df  = 4 (P  = 0.49), I 2 = 0%
Test for overall effect: Z  = 4.80 (P  < 0.00001)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Figure 2  R0 resection rate in neoadjuvant chemoradiotherapy and surgery compared with surgery alone.
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adjuvant chemoradiotherapy had more survival benefit 
compared with patients treated by surgery alone, includ-
ing 1-year survival, 3-year survival and 5-year survival. 
But subgroup analysis demonstrated patients with ESCC 
could not benefit from neoadjuvant chemoradiotherapy. 
The meta-analysis performed by Fiorica et al[18] suggested 
that neoadjuvant chemoradiotherapy plus surgery sig-
nificantly lowered the 3-year mortality compared with 
surgery alone, but there was no statistical significance 
between the two groups if  all RCTs including patients 
with EAC were excluded. Another meta-analysis per-
formed by Gebski et al[19] demonstrated that both pa-
tients with ESCC and patients with EAC benefited from 
neoadjuvant chemoradiotherapy and corresponding 
OR (95% CI, P value) were 0.84 (0.71-0.99, P = 0.04) 
and 0.75 (0.59-0.95, P = 0.02). Since the former P value 
approached 0.05, our conclusion should be cautiously 
done. Thus we presume that only patients with EAC 
could benefit from neoadjuvant chemoradiotherapy. 
Another subgroup indicated patients in Europe and the 
USA benefited from neoadjuvant chemoradiotherapy; 
however, patients in Asia did not. This result indicated 
that different population had different response to neo-
adjuvant chemoradiotherapy and this may be associated 
with ethnic difference.

Though patients receiving neoadjuvant chemoradio-
therapy had higher survival than patients treated by sur-
gery alone, our meta-analysis showed that the incidence 
of  surgery-related death was higher in the CRT group. 
Moreover, some patients lost the chance of  surgery for 
the metastasis of  tumor or some patients died before 
surgery for the aggravation of  disease. Neoadjuvant 
chemoradiotherapy made local tissue harder and easier 
to bleed and as a result fatal postoperative complications 
such as anastomotic leakage and respiratory insufficiency 
increased. This may account for the higher postoperative 
mortality of  patients in CRT group. However, sensitivity 
analysis showed no significant difference between the two 
groups after excluding the RCT by Nygaard et al[13], per-
formed between 1983 and 1988, which was the earliest 
one among all the RCTs included in this meta-analysis. 
Probably there was no effective treatment for severe 
postoperative complications due to the relative undevel-
oped medical conditions at that time. In fact, the post-
operative mortality in the RCTs published after 2000 was 
significantly lower than those published before 2000. In 
a word, it is possible that the postoperative mortality of  
patients receiving neoadjuvant chemoradiotherapy is not 
significantly higher than that of  patients treated by sur-
gery alone under present medical conditions.

Outcomes of  our meta-analysis revealed that patients 
treated by surgery alone had more possibility to undergo 
the scheduled surgery, however, the rate of  complete 
resection in CRT group was higher than that in S group. 
This may account for the lower incidence of  local 
recurrence in CRT group, which was another result of  
this meta-analysis. In the 11 RCTs, only part of  patients 
in CRT group can obtain clinical relief  or pathological 
response. Two RCTs[12,14] compared the survival time 

between the patients who obtained clinical relief  (including 
complete response and partial response) and the patients 
who failed to obtain clinical relief  (including stable disease 
and disease progression), and found that the former was 
markedly greater than the latter. So, if  some biological 
molecules can predict the response of  EC patients to 
neoadjuvant chemoradiotherapy, EC patients will suffer 
from less physical miseries. Furthermore, this could avoid 
waste and enhance targeted treatment. Some studies[20-23] 
have indicated that Hsp27, DNA-PKcs, ERCC1 and 
c-erbB-2 were potential biological molecules, which were 
related to the response of  EC patients to neoadjuvant 
chemoradiotherapy. Studies in this field are meaningful 
and promising.

One study reported that the effect of  sequential 
chemoradiotherapy was superior to that of  concurrent 
chemoradiotherapy in treating lung cancer[24]. In EC, 
however, outcome was exactly opposite to those obtained 
from lung cancer. This meta-analysis showed that EC 
patients only benefited from preoperative concurrent 
chemoradiotherapy. Concurrent chemoradiotherapy 
may work by inhibiting the growth of  local tumor and 
micrometastasis, moreover concurrent chemotherapy can 
increase the sensitivity of  tumor to radiotherapy.

Some studies[25-27] indicated that 40%-75% of  patients 
with resectable EC (T1-3N0-1M0) judged according to 
clinical examination or surgery had subclinical metastasis 
or tumor had already invaded the adjacent organs or 
tissues. Accurate tumor staging is crucial to the prognosis 
of  EC patients receiving surgery. Therefore, further 
measures should be taken to improve the accuracy of  
tumor staging. Currently, endoscopic ultrasound (EUS) 
is the most accurate method for staging EC for T and 
N stage[28]. Although helical computed tomography 
still appears insensitive for the identification of  T4 or 
metastatic involvement of  celiac lymph node disease 
in esophageal cancer, EUS with fine needle aspiration 
and FDG-PET [fluorine 18-labeled fluorodeoxyglucose 
(FDG) positron emission tomography (PET)] can make 
up for this shortcoming[29]. Part of  patients in RCTs[9,11] 
included in this meta-analysis had metastasis of  non-
regional lymph nodes. Investigators considered those 
lymph nodes could be included in the radiation port and 
should be resected at surgery[9]. In fact, this condition 
belongs to Ⅳa according to TNM staging. We suggest 
that EC patients (Ⅳa) should not give up the chance 
of  surgery, and they will benefit from neoadjuvant 
chemoradiotherapy plus surgery too.

In conclusion, this meta-analysis showed that patients 
with ESCC did not benefit from preoperative concurrent 
chemoradiotherapy and patients with EAC may be the 
real beneficiaries of  the treatment protocol. Compared 
with patients treated by surgery alone, patients receiving 
neoadjuvant chemoradiotherapy more likely obtained 
complete resection and had lower local cancer recurrence. 
Neoadjuvant chemoradiotherapy was connected with a 
little higher mortality after surgery. But it did not increase 
the incidence of  postoperative complications. In addition, 
patients in Europe and the USA more likely benefited 
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Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: Complication after surgery                                                                                 

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Nygaard et al [13] 1992 16/34 13/38     6.29 1.71 (0.66, 4.42)
Apinop et al [14] 1994   8/26   5/34     2.90 2.58 (0.73, 9.11)
Le Prise et al [15] 1994 14/35 18/42     9.50 0.89 (0.36, 2.21)
Bosset et al [17] 1997   45/138   36/137   23.56 1.36 (0.81, 2.29)
Urba et al [9] 2001   8/47   7/50     5.45 1.26 (0.42, 3.80)
An et al [12] 2003 16/48 16/49   10.21 1.03 (0.44, 2.40)
Lee et al [7] 2004 13/35 19/48     9.75 0.90 (0.37, 2.21)
Burmeister et al [10] 2005   63/105   70/110   26.46 0.86 (0.49, 1.49)
Natsugoe et al [11] 2006   7/20   7/23     4.10 1.23 (0.34, 4.42)
Tepper et al [8] 2008 24/26 24/26     1.79 1.00 (0.13, 7.69)

Total (95% CI) 514 557 100.00 1.14 (0.88, 1.49)
Total events: 214 (CRT), 215 (S)
Test for heterogeneity: χ2 = 4.43, df  = 9 (P  = 0.88), I 2 = 0%
Test for overall effect: Z  = 1.00 (P  = 0.32)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Figure 4  Incidence of postoperative complication in neoadjuvant chemoradiotherapy and surgery compared with surgery alone.

Figure 5  Cancer recurrence after surgery in neoadjuvant chemoradiotherapy and surgery compared with surgery alone. A: Incidence of local-regional cancer 
recurrence; B: Incidence of distant cancer recurrence.

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: Distant cancer recurrence

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Le Prise et al [15] 1994   8/41   6/45     6.27 1.58 (0.50, 5.00)
Urba et al [9] 2001 28/50 27/50   16.17 1.08 (0.49, 2.38)
An et al [12] 2003   5/48 10/49   12.07 0.45 (0.14, 1.44)
Lee et al [7] 2004   6/51 12/50   14.55 0.42 (0.14, 1.23)
Burmeister et al [10] 2005   46/128   42/128   36.62 1.15 (0.69, 1.92)
Natsugoe et al [11] 2006   8/22   4/23     3.39   2.71 (0.68, 10.84)
Tepper et al [8] 2008   5/30   9/26   10.94 0.38 (0.11, 1.33)

Total (95% CI) 370 371 100.00 0.94 (0.68, 1.31)
Total events: 106 (CRT), 110 (S)
Test for heterogeneity: χ2 = 9.42, df  = 6 (P  = 0.15), I 2 = 36.3%
Test for overall effect: Z  = 0.34 (P  = 0.73)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S

Review: Neoadjuvant chemoradiotherapy for resectable esophageal carcinoma: A meta-analysis
Comparison: CRT group vs  S group
Outcome: Local-regional cancer recurrence

Study or 
sub-category

CRT
n/N

S
n/N

OR (fixed)
95% CI

   Weight
   %

OR (fixed)
95% CI

Le Prise et al [15] 1994   7/41   9/45   13.84 0.82 (0.28, 2.46)
Urba et al [9] 2001   8/50 19/50   31.03 0.31 (0.12, 0.80)
An et al [12] 2003   4/48   8/49   14.11 0.47 (0.13, 1.66)
Lee et al [7] 2004   8/51   5/50     8.28 1.67 (0.51, 5.52)
Burmeister et al [10] 2005   11/128   14/128   24.88 0.77 (0.33, 1.76)
Natsugoe et al [11] 2006   1/22   1/23     1.81 1.05 (0.06, 17.85)
Tepper et al [8] 2008   1/30   3/26     6.04 0.26 (0.03, 2.71)

Total (95% CI) 370 371 100.00 0.64 (0.41, 0.99)
Total events: 40 (CRT), 59 (S)
Test for heterogeneity: χ2 = 6.02, df  = 6 (P  = 0.42), I 2 = 0.4%
Test for overall effect: Z  = 2.01 (P  = 0.04)

0.1   0.2     0.5    1      2        5     10
            CRT + S     S
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from neoadjuvant chemoradiotherapy than those in Asia, 
and this is worth of  further studies.
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COMMENTS
Background
Esophageal carcinoma (EC) is one of the major malignant diseases worldwide. 
Surgery alone cannot obtain satisfactory effects in patients with EC.
Research frontiers
Neoadjuvant chemoradiotherapy has been a hotspot for EC treatment research. 
Several related randomized controlled trials (RCTs) have been published, but 
opinions vary among clinicians as to the therapeutic effect of the new method. 
It remains uncertain whether patients with resectable EC can benefit from 
neoadjuvant chemoradiotherapy.
Innovations and breakthroughs
Several meta-analyses on the neoadjuvant chemoradiotherapy for EC 
have been published so far, some of which lacked adequate RCTs or used 
unpublished data. In this study, the authors collected relatively comprehensive 
data and all the data were from the published literature. It was found that patients 
with esophageal squamous cell carcinoma did not benefit from neoadjuvant 
chemoradiotherapy, while patients with esophageal adenocarcinoma (EAC) 
were the real beneficiaries. In addition, the authors analyzed the impact of 
geographical differences on the efficacy of the treatment protocol and found 
that patients in Europe and the USA more likely benefited from neoadjuvant 
chemoradiotherapy than those in Asia.
Applications
Results of this study indicate that neoadjuvant chemoradiotherapy is an 
effective treatment protocol, which is beneficial to patients with EAC in Europe 
and the USA.
Terminology
Neoadjuvant chemoradiotherapy: Chemotherapy and radiotherapy are given to 
patients with cancer before surgery. 
Peer review
This work is a meta-analysis including 11 randomized prospective studies that 
analyze the advantages of the use of the neoadjuvant chemoradiotherapy 
vs surgery alone in the treatment of the EC. The results are interesting and 
suggest that neoadjuvant chemoradiotherapy is beneficial to patients with EAC.
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