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Abstract
AIM: To evaluate the feasibility and therapeutic effects 
of para-aortic nodal dissection (PAND) for advanced 
gastric cancer.

METHODS: Randomized controlled trials (RCTs) and 
non-randomized studies comparing D2 + PAND with 
D2 lymphadenectomy were identified using a pre-
defined search strategy. Five-year overall survival rate, 
post-operative mortality, and wound degree of surgery 
between the two operations were compared by using 
the methods provided by the Cochrane Handbook for 
Systematic Reviews of Interventions. 

RESULTS: Four RCTs (1120 patients) and 4 non-
randomized studies (901 patients) were identified. Meta-
analysis showed that there was no significant difference 
between these two groups in 5-year overall survival 
rate [risk ratio (RR) 1.04 (95% CI: 0.93-1.16) for RCTs 

and 0.96 (95% CI: 0.83-1.10) for non-randomized 
studies] and post-operative mortality [RR 0.99 (95% 
CI: 0.44-2.24) for RCTs and 2.06 (95% CI: 0.69-6.15) 
for non-randomized studies]. There was a significant 
difference between these two groups in wound degree 
of surgery, operation time was significantly longer 
[weighted mean difference (WMD) 195.32 min (95% 
CI: 114.59-276.05) for RCTs and 126.07 min (95% CI: 
22.09-230.04) for non-randomized studies] and blood 
loss was significantly greater [WMD 301 mL (95% CI: 
151.55-450.45) for RCTs and 302.86 mL (95% CI: 
127.89-477.84) for non-randomized studies] in D2 + 
PAND.

CONCLUSION: D2 + PAND can be performed as 
safely as standard D2 resection without increasing 
post-operative mortality but fail to benefit overall 
survival in patients with advanced gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Generally, either incidence or mortality of  gastric cancer 
(GC) has fallen dramatically during the past decades in 
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European and American countries. Despite its recent 
decline, GC is still the fourth most common carci-
noma and the second leading cause of  death by tumor 
worldwide[1-3]. GC can be divided into two groups, early 
GC and advanced GC, and advanced GC accounts for 
92%-95% of  cases in China, 40%-60% in Japan, and 
80%-90% in Europe[4-6] presently. Up to now, treatments 
for GC include surgery, chemotherapy, radiotherapy and 
so on. Despite the poor prognosis, surgery is commonly 
accepted as the preferred treatment for advanced GC[7]. 
Five-year survival rate can achieve 45% or even more in 
Japan, 40% or so in China, only about 20% in Western 
countries and as low as 6% in sub-Saharan Africa[8-11] for 
advanced GC. 

Although surgical operation remains the primary 
therapeutic modality, views over the optimal resection 
for patients with GC remain controversial[12]. In patients 
with GC, lymph node metastasis can occur during the 
early stages, and regional lymph node dissection (LND) 
is regarded as an important part of  en bloc resection for 
GC. However, the extent of  lymphadenectomy for the 
greatest result is controversial, and there is no consensus 
worldwide. Introduced by Japanese surgeons in 1960s, 
D2 lymphadenectomy is the recommended standard 
practice in patients undergoing an operation with a 
curative intent[13-16], which required the systematic dis-
section of  lymph nodes in the first tier (perigastric) and 
the second tier (along the celiac artery and its branches). 
Compared with traditional D1 lymphadenectomy, D2 
doesn’t increase the operation morbidity and mortal-
ity[17], and shows a higher 5-year survival rate[18]. Recently, 
it was reported that 18%-40% of  patients with advanced 
GC had metastasis present in the para-aortic nodes[19-21], 
and more often if  the tumor was located at the proximal 
third of  the stomach[22]. Taking this into consideration, 
some researchers assumed that removing these lymph 
nodes could accomplish curative resection (R0) which 
might improve the clinical outcome of  advanced GC 
patients[19,23,24]. However, this extended dissection not 
only can increase the post-operative morbidity and mor-
tality but also can affect the function of  near abdominal 
organs, and its survival benefit is still uncertain. Some 
studies considered that morbidity after para-aortic nodal 
dissection (PAND) such as pancreatic fistula and respira-
tory complications were significantly higher[25], and these 
complications were considered to be associated with 
the surgeons’ experience. However, some retrospective 
reports revealed that there was no significant difference 
in post-operative complications and mortality between 
D2 and D2 + PAND; D2 + PAND could be performed 
safely by well-trained surgeons[26,27]. With respective to 
long-term survival after the two operations, there was 
stormy dispute at the same time[27-29]. At the moment 
there is no consensus about whether patients with ad-
vanced GC should receive PAND or not, who should 
accept it, and how to ascertain the metastasis of  PAN 
before operations.

Although a systematic review referring to the extent 

of  lymphadenectomy for GC has been published, it only 
valued the short-term outcomes[30] and the assessment 
of  5-year survival after PAND in patients with GC 
was not presented. Five-year survival is considered to 
be an important outcome in evaluating the therapeutic 
effects of  GC. Therefore a systemic review aiming to 
evaluate the feasibility and therapeutic effects of  PAND 
is urgently needed. In this study, we assessed literature 
existing and conducted a meta-analysis for comparing 
the clinical effectiveness of  these two operations.

MATERIALS AND METHODS
Search strategy
The following databases were searched systematically 
in our study: PUBMED, EMBASE, and the China 
Biological Medicine Database (CBM-disc), CNKI (China 
National Knowledge Infrastructure Whole Article 
Database) from January 1980 to February 2009, as well 
as the Cochrane Central Register of  Controlled Trials 
(CENTRAL) on The Cochrane Library issue 1, 2009. 
All controlled trials comparing D2 lymphadenectomy 
and D2 + PAND in the surgical treatment of  GC 
were identified. In this review, the language of  search 
strategy was not limited, and the following search 
terms were used: stomach neoplasms, stomach cancer, 
stomach carcinoma, gastric cancer, gastric carcinoma, 
gastric neoplasms, D2+, D2 plus, D3, D4, R3, R4 (in 
some studies, the classification of  gastric carcinoma are 
according to the new edition[31]; it is also called D3 or 
R3 in the new edition and called D4 or R4 according 
to the old edition[32]), superextended lymphadenectomy, 
para-aortic lymph nodes dissection, para-aortic nodal 
dissection. Both free text and MeSH search for keywords 
were employed. 

To identify further potentially relevant studies, 
reference lists from selected studies through electronic 
searching were hand searched; furthermore in order to 
obtain any relevant unpublished materials, we contacted 
scholars in the field of  gastroenterology.

Inclusion and exclusion criteria 
Types of  studies: Comparative trials with recorded 
5-year overall survival rate or secondary outcomes (post-
operative morbidity and mortality, wound degree of  
surgery) were included. Non-comparative studies, case 
series, case reports and studies using historical controls 
were excluded.

Types of  patients: Trials in which patients were patho-
logically proved to have gastric adenocarcinoma and 
qualified for gastrectomy were included. Trials in which 
patients had distant metastasis, gastric stump cancer, dis-
seminated cancer cells, synchronous malignancy in other 
organs, serious cardiovascular or respiratory disorders, 
hepatic or renal failure were excluded.

Types of  interventions: Trials comparing the results of  
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D2 and D2 + PAND were included. Trials comparing 
the results of  these two operations but also with pre-
operative or post-operative chemotherapy were excluded.

Types of  outcome measures: Primary outcome: 5-year 
overall survival rate; secondary outcome: post-operative 
morbidity, mortality and potential risk factors for post-
operative morbidity, wound degree of  surgery (operation 
time and blood loss during operation).

Data collection and analysis
Method of  agreeing inclusion of  studies: This course 
was performed by two authors (Wang Z and Chen JQ) 
independently according to preformed inclusion criteria. 
Titles and abstracts were scanned first to make a list 
of  possibly related literature, and then full texts were 
obtained for those articles identified as either relevant 
or not clear, only trials coincident with pre-determined 
criteria of  this review were included. Disagreements were 
settled by consensus.

Quality assessment: Since there was no consensus 
about quality assessment of  non-randomized studies, 
in our review, the Cochrane Handbook for Systematic 
Reviews of  Interventions in which criteria for non-ran-
domized studies were the same as randomized controlled 
trials (RCTs) was used to assess the methodological 
quality of  included studies[33]. The criteria included six 
items as following: (1) Adequate sequence generation? (2) 
Allocation concealment? (3) Blinding? In our review, if  
result measurements (only wound degree of  surgery and 
post-operative morbidity were included, not considering 
5-year survival rate and post-operative mortality) were 
masked, it would be regarded as low risk of  both perfor-
mance and detection bias; (4) Incomplete outcome data 
addressed? In our review, we considered the missing 
outcome data which were less than 10% to be low risk 
of  bias, 10%-15% to be moderate risk of  bias, and more 
than 15% to be high risk of  bias; (5) Free of  selective 
reporting? and (6) Free of  other bias?

Options for the results of  quality assessment: Yes 
(low risk of  bias), probably yes (moderate risk of  bias), 
No (high risk of  bias). No rating of  the studies was 
performed; each was accepted or rejected based on the 
six items noted above. The guidelines in the QUOROM 
Statement[34] were consulted by us from the literature 
search to the presentation of  the results and discussion.

Data extraction: Using a pre-defined data extraction 
form, two reviewers (Wang Z and Chen JQ) extracted 
data about characteristics of  included studies and 
baseline characteristics of  patients independently, which 
included following items: author, publication date, 
number of  patients, age and sex of  patients, serosa and 
lymph node states, 5-year overall survival rate, post-
operative morbidity and mortality, operation time and 
blood loss during operation. If  necessary, the authors 

of  the original articles were contacted for available data. 
Final agreement was achieved through discussion.

Data synthesis: In our study, the individual and pooled 
statistics were calculated using the fixed effect model, but 
a random effect model was used if  P value of  heteroge-
neity test was less than 0.1. The results were expressed 
with risk ratios (RR) for dichotomous data and weighted 
mean differences (WMD) for continuous data[33], and 
95% confidence intervals (CI) were also calculated. Het-
erogeneity between included studies was tested using χ2 
test. If  heterogeneity was present, we would try to check 
the cause out from aspects of  study design and quality, 
differences in intervention and baseline characteristics 
of  included patients, by using methods of  subgroup and 
sensitivity analysis. Funnel plots were drawn to assess 
publication bias. The RCTs and non-randomized studies 
were analyzed separately, and trials with continuous data 
recorded as the form of  median and range were excluded 
from meta-analysis. Statistical analysis was performed us-
ing RevMan 5.0.18, which was provided by the Cochrane 
Collaboration[35].

RESULTS
Selection of included studies
According to the search strategy referred to above, a 
total of  70 studies were yielded: 23 in PubMed, 16 in 
EMBASE, 11 in CENTRAL, 20 in CBM-disc and CNKI. 
Many literatures were searched in more than one database; 
finally 4 RCTs and 4 non-randomized studies (11 articles) 
were considered eligible for inclusion. The trial selection 
process was summarised in Figure 1. The reasons for 
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Potentially relevant studies identified and 
screened for retrieval n  = 70

Potentially relevant articles retrieved for 
more detailed evaluation n  = 24

Studies were identified in more than one 
database n  = 46

No control n  = 1   
Historical control n  = 3
Repetitive publication n  = 2
Almost 50% of included patients were 
lost to follow-up n  = 2

Potentially appropriate studies to be
included in the systematic review n  = 16

Chemotherapy n  = 2
Included patients with peritoneal 
metastasis n  = 3

Studies included in meta-analysis
n  = 8 (n  = 11 articles)

Figure 1  QUORUM flow chart for studies.
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excluding studies were as following: study type, baseline 
characteristics of  included patients, repetitive publication, 
chemotherapy, distant metastasis, confounding allocation 
and high rate of  loss of  follow-up.

Description and risk of bias of included studies
Since both RCTs and non-randomized studies were 
included in our study, we described them both respectively. 
Additionally, although there was no significant difference 
in each study, we did not summarize the surgical details as 
a table in either RCTs or non-randomized included studies 
since there were different descriptions in different studies. 
Characteristics of  included studies, baseline characteristics 
of  patients and potential bias of  included studies were 
listed in Tables 1-3, respectively.

Description and risk of bias of RCTs
In total 1120 patients in 4 RCTs (7 articles)[36-42] were 
eligible for inclusion, 571 patients in the D2 group and 
549 patients in the D2 + PAND group, and the sample 
size of  studies varied from 53 to 523. All included RCTs 

except one[36] used computer randomization, but only 
one trial used a central telephone registration system[37]; 
the concealment of  allocation was unclear in three 
trials. Blinding referred to result measurements being 
blinded in our study, and wasn’t clearly described in all 
trials. Completeness of  data was good in 4 included 
trials. There was no significant difference in baseline 
characteristics of  patients (age, sex, T stage and lymph 
node states) between D2 and D2 + PAND groups in 
included trials except the trial reported by Jiang et al[36], 
in which T stage and lymph node state were not clearly 
reported. Three articles showed that only surgeons 
skilled in D2 and D2 + PAND operation participated in 
their studies[37,40,42]. Selecting reports and other bias were 
not clearly recorded in their published reports.

Description and risk bias of non-randomized studies
In total 901 patients in 4 non-randomized studies[43-46] 
were included, 620 patients in the D2 group and 281 
patients in the D2 + PAND group, and sample size of  
studies ranged from 70 to 580. No randomization and 
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Table 1  Characteristics of included studies (ITT: intention-to-treat)

Study  ID (author, yr) Design Methods Patients Interventions Outcomes Notes

Jiang et al 2000[36] RCT Single center, parallel 
group, not clear 
about the method of 
randomization

Histologically 
proved curable 
advanced gastric 
cancer

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time

Regional lymph nodes were 
classified according to 1th 
English edition 1995[32]

Sano et al 2004[37] and 
Sasako et al 2008[39] 

Kodera et al 2005[38]

RCT Multicenter, 
parallel group, 
computer  stratified 
randomization

Histologically 
proved advanced 
and curable gastric 
cancer

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Blood loss during 
operation; Five-year 
survival rate

ITT was used in result analysis;
Regional lymph nodes were 
classified according to 1th 
English edition 1995[32]

Yonemura et al 2006 
and 2008[40,41]

RCT Multicenter,
parallel group, 
computer 
randomization

Younger than 
75-yr old, 
histologically 
proved advanced 
and curable gastric 
cancer

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Blood loss during 
operation; Five-year 
survival rate

Sample size was calculated 
before trials

Kulig et al 2007[42] RCT Multicenter,
parallel group, 
simple computer 
randomization.

Histologically 
proved 
curable gastric 
adenocarcinoma

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Blood loss during 
operation

Regional lymph nodes were 
classified according to 2nd 
English edition 1998[31];
ITT was used in result analysis

Maeta et al 1999[43] non-
RCT

Single center, parallel 
group, without 
randomization

Histologically 
proved advanced 
gastric cancer, 
younger than  
75-yr old

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Blood loss during 
operation

In D4 group, lymph nodes (a1, 
a2, b1 and b2) were all removed;
Sample size was smaller than 
that calculated before  study

Bostanci et al 2004[44] non-
RCT

Single center, parallel 
group, prospective 
study without 
randomization

Histologically 
proved gastric 
cancer

D2 vs D2+ Post-operative morbidity 
and mortality;
Operation time

Surgical procedure was not very 
clearly described in the article

Kunisaki et al 2006[45] non-
RCT

Multicenter, parallel 
group, retrospective 
analysis

Curable advanced 
gastric cancer 
proved by 
histology

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Blood loss during 
operation; Five-year 
survival rate

Data about length of post-
operative hospital stay were 
obtained from the author

Hu et al 2009[46] non-
RCT

Single center, parallel 
group, retrospective 
analysis

Histologically 
proved curable 
gastric cancer

D2 vs D2+ Post-operative morbidity 
and mortality; Operation 
time; Five-year survival rate

In D4 group, lymph nodes (a1, 
a2 and b1) were dissected

RCT: Randomized controlled trial.
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concealment of  allocation were performed. According 
to the definition of  blinding in our review, blinding was 
unclear in 4 included studies. Completeness of  data was 
good; the rate of  loss of  follow-up was less than 15% 
for all included studies. The description of  selective 
reporting and other bias was not described in detail. 
Baseline characteristics were similar between D2 and D2 
+ PAND groups in all included studies.

Effects of interventions (Effectiveness in RCTs)
Five-year overall survival rate: Two RCTs[39,41] (792 pa-
tients) reported 5-year overall survival rate, and the pooled 
RR was 1.04 (95% CI: 0.93-1.16). There was no significant 
difference between D2 + PAND and D2 groups. The P 
value of  heterogeneity test was 0.88 (Figure 2).

Data from only 1 RCT[39] could be analyzed, with 
individual RR 1.14 (95% CI: 1.01-1.29) for the serosa 
negative subgroup and 0.71 (95% CI: 0.53-0.94) for 
the serosa positive subgroup. There was a significant 
difference between these two subgroups. Compared with 
D2 dissection, five-year overall survival rate for D2 + 
PAND in the serosa negative subgroup was significantly 
higher than that in the serosa positive subgroup, but 
tests for heterogeneity were not applicable in these two 
subgroups (Figure 3).

Post-operative morbidity and mortality: Since there 
were different definitions and contents in each study, 

post-operative morbidity data couldn’t be used in a 
meta-analysis. All RCTs (1107 patients) reported data on 
post-operative morbidity, but the results in four included 
studies were not consistent. Apart from the study 
reported by Yonemura et al[40] [individual RR 1.52 (95% 
CI: 1.05-2.18)], three other trials reported there was no 
significant difference between D2 and D2 + PAND 
groups (Figure 4A).

The post-operative mortality data of  all included 
RCTs (1107 patients) could be used, and the combined 
RR was 0.99 (95% CI: 0.44-2.24), which revealed that 
there was no significant difference between D2 + PAND 
and D2 groups. The test for heterogeneity was negative 
with a P value of  0.31 (Figure 4B).

Operation time: Data of  two RCTs[36,40] (309 patients) 
were applicable; the pooled WMD was 195.32 min (95% 
CI: 114.59-276.05), suggesting there was a significant 
difference between these two groups. Operation time 
in the D2 + PAND group was significantly longer than 
that in the D2 group. The P value of  the heterogeneity 
test was 0.24 (Figure 4C).

Blood loss during operation: Only one RCT[40] (256 
patients) was useful for analysis, and individual WMD 
was 301 mL (95% CI: 151.55-450.45). There was a 
significant difference between these two groups. Blood 
loss in the D2 + PAND group was significantly more 

1142 March 7, 2010|Volume 16|Issue 9|WJG|www.wjgnet.com

Table 2  Baseline characteristics of patients in included studies

Study ID 
(author, yr, N D2/N D2+)

Age (yr) 
(mean/SD or median/range)

Sex 
(male/female)

Pathological T stage
(serosa negative/positive)

Pathological node status
(negative/positive)

D2 D2+ P D2 D2+ P D2 D2+ P D2 D2+ P

Sano et al 2004[37], Sasako et al 
2008[39] (263/260)

   60 (25-75)    61(27-75) > 0.05 176/87 183/77 > 0.05 134/129 146/114 > 0.05 79/184   96/164 > 0.05

Kulig et al 2007[42] (141/134)    56 (31-81)    54 (34-77) > 0.05 85/56   83/51 > 0.05 64/77 54/84 > 0.05 50/91 56/78 > 0.05
Yonemura et al 2006 and 
2008[40,41] (135/134)

63.8 (9.7) 62.5 (10.2) > 0.05 90/45   91/43 > 0.05 63/72 61/73 > 0.05 37/98 35/99 > 0.05

Jiang et al 2000[36] (32/21)    61 (46-83)    65 (34-84) NR 19/13   11/10 NR NR NR NR NR NR NR
Maeta et al 1999[43] (35/35)    60 (11)    59 (9) > 0.05 20/15   21/14 > 0.05   2/33   6/29 > 0.05 15/20 12/23 > 0.05
Hu et al 2009[46] (55/62) 58.8 (11.4) 54.3 (11.4) < 0.05 42/13   48/14 > 0.05 13/42 15/47 > 0.05 16/39 23/39 > 0.05
Kunisaki et al 2006[45] (430/150) 62.2 (12.5) 59.3 (10.7) > 0.05 286/144 109/41 > 0.05 197/233 71/79 > 0.05 126/304   34/116 < 0.05
Bostanci et al 2004[44] (100/34) 58.5 (13)    59 (12.6) > 0.05 63/37   21/13 > 0.05 98/2 29/35 NR NR NR NR

NR: Not reporting.

Table 3  Potential bias of included studies

Study ID (author, yr) Adequate sequence
generation

Allocation 
concealment

Blinding Incomplete outcome 
data addressed

Free of selective 
reporting

Free of other bias

Jiang et al 2000[36] Probably yes Probably yes Probably yes Yes Probably yes Probably yes
Sano et al 2004[37], Sasako et al 2008[39] Yes Yes Probably yes Yes Probably yes Probably yes
Yonemura et al 2006 and 2008[40,41] Yes Probably yes Probably yes Yes Probably yes Probably yes
Kulig et al 2007[42] Yes Probably yes Probably yes Yes Probably yes Probably yes
Maeta et al 1999[43] No No Probably yes Yes Probably yes Probably yes
Bostanci et al 2004[44] No No Probably yes Yes Probably yes Probably yes
Kunisaki et al 2006[45] No No Probably yes Yes Probably yes Probably yes
Hu et al 2009[46] No No Probably yes Probably yes Probably yes Probably yes
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             D2+            D2         Risk ratio         Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI  M-H, fixed, 95% CI

0.5       0.7          1        1.5   2
        Favours D2          Favours D2+

1.4.1 RCTs

Sasako M 2008   74 134   71 135    30.3% 1.05 (0.84, 1.31)

Yonemura Y 2008 167 260 164 263    69.7% 1.03 (0.90, 1.17)

Subtotal (95% CI)  394  398 100.0% 1.04 (0.93, 1.16)

Total events 241  235

Heterogeneity: χ2 = 0.02, df  = 1 (P  = 0.88); I 2 = 0%

Test for overall effect: Z  = 0.61 (P  = 0.54)

1.4.2 Non-randomized studies

Hu JK 2009    41   62   37   55    22.2% 0.98 (0.76, 1.27)

Kunisaki C 2006   76 150 241 430    70.5% 0.90 (0.76, 1.08)

Maeta M 1999   18   35   13   35       7.4% 1.38 (0.81, 2.37)

Subtotal (95% CI)  247  520 100.0% 0.96 (0.83, 1.10)

Total events 135  291

Heterogeneity: χ2 = 2.24, df  = 2 (P  = 0.33); I 2 = 11%

Test for overall effect: Z  = 0.60 (P  = 0.55)

Figure 2  Meta-analysis of 5-year overall survival rate comparing D2 + PAND with D2 gastrectomy.

Figure 3  Meta-analysis of 5-year overall survival rate for serosa negative and positive subgroups comparing D2 + PAND with D2 gastrectomy.

1.17.1 Serosa negative subgroup for RCTs

Sasako M 2008 121 145   98 134 100.0% 1.14 (1.01, 1.29)

Subtotal (95% CI)  145  134 100.0% 1.14 (1.01, 1.29)

Total events 121    98

Heterogeneity: Not applicable

Test for overall effect: Z  = 2.06 (P  = 0.04)

1.17.2 Serosa negative subgroup for non-randomized studies

Hu JK 2009    15   15   12   13    50.6% 1.08 (0.89, 1.33)

Kunisaki C 2006   43   71 138 197    49.4% 0.86 (0.70, 1.07)

Subtotal (95% CI)    86  210 100.0% 0.97 (0.74, 1.27)

Total events   58  150

Heterogeneity: Tau2 = 0.03; χ2 = 3.49, df  = 1 (P  = 0.06); I 2 = 71%

Test for overall effect: Z  = 0.22 (P  = 0.82)

1.17.3 Serosa positive subgroup for RCTs

Sasako M 2008   43 114   69 129 100.0% 0.71 (0.53, 0.94)

Subtotal (95% CI)  114  129 100.0% 0.71 (0.53, 0.94)

Total events   43    69

Heterogeneity: Not applicable

Test for overall effect: Z  = 2.40 (P  = 0.02)

1.17.4 Serosa positive subgroup for non-randomized studies

Hu JK 2009    26   47   24   42    41.6% 0.97 (0.67, 1.40)

Kunisaki C 2006   38   79 112 233    58.4% 1.00 (0.77, 1.30)

Subtotal (95% CI)  126  275 100.0% 0.99 (0.80, 1.23)

Total events   64  136

Heterogeneity: Tau2 = 0.00; χ2 = 0.02, df  = 1 (P  = 0.89); I 2 = 0%

Test for overall effect: Z  = 0.10 (P  = 0.92)

             D2+            D2         Risk ratio         Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI          M-H, random, 95% CI

0.5       0.7         1    1.5       2
      Favours D2         Favours D2+
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1.6.1 RCTs

Jiang BJ 2000   8   21   12   32 1.02 (0.50, 2.06) 2000

Sano T 2004 73 260   55 263 1.34 (0.99, 1.82) 2004

Yonemura Y 2006 50 128   33 128 1.52 (1.05, 2.18) 2006

Kulig J 2007 29 134   39 141 0.78 (0.51, 1.19) 2007

1.6.2 Non-RCTs

Maeta M 1999 14   35     9   35 1.56 (0.78, 3.11) 1999

Bostanci EB 2004 12   34   10 100 3.53 (1.68, 7.42) 2004

Hu JK 2009  15   62   15   55 0.89 (0.48, 1.64) 2009

             D2+            D2           Risk ratio     Risk ratio

  Study or subgroup Events Total  Events Total M-H, random, 95% CI   Year           M-H, random, 95% CI

0.2        0.5        1        2           5

   Favours D2+        Favours D2

A

1.5.1 RCTs

Jiang BJ 2000   1   21   2   32   13.9% 0.76 (0.07, 7.88) 2000

Sano T 2004   2 260   2 263   17.5% 1.01 (0.14, 7.13) 2004

Yonemura Y 2006   5 128   1 128      8.8% 5.00 (0.59, 42.20) 2006

Kulig J 2007   3 134   7 141   59.9% 0.45 (0.12, 1.71) 2007

Subtotal (95% CI)  543  564 100.0% 0.99 (0.44, 2.24)

Total events 11  12

Heterogeneity: χ2 = 3.60, df  = 3 (P  = 0.31); I 2 = 17%

Test for overall effect: Z  = 0.02 (P  = 0.98)

             D2+            D2         Risk ratio            Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI Year    M-H, fixed, 95% CI

1.5.2 Non-randomized studies

Maeta M 1999   1   35   1   35   27.7% 1.00 (0.07, 15.36) 1999

Bostanci EB 2004   3   34   1 100   14.0% 8.82 (0.95, 82.01) 2004

Kunisaki C 2006   1 150   1 430   14.3% 2.87 (0.18, 45.55) 2006

Hu JK 2009    0   62   1    55   44.0% 0.30 (0.01, 7.13) 2009

Subtotal (95% CI)  281  620 100.0% 2.06 (0.69, 6.15)

Total events   5    4

Heterogeneity: χ2 = 3.39, df  = 3 (P  = 0.34); I 2 = 11%

Test for overall effect: Z  = 1.29 (P  = 0.20)

0.01      0.1         1     10        100

   Favours D2+        Favours D2

B

1.1.1 RCTs

Jiang BJ 2000 454.2    28.8      21    241.8        13.2      32    69.4% 212.40 (199.26, 225.54)     2000

Yonemura Y 2006 369     120       128    273       1103        128    30.6%    96.00 (-96.21, 288.21)       2006

Subtotal (95% CI)        149           160  100.0% 195.32 (114.59, 276.05)

Heterogeneity: Tau2 = 1943.38; χ2 = 1.40, df  = 1 (P  = 0.24); I 2 = 29%

Test for overall effect: Z  = 4.74 (P  < 0.00001)

             D2+            D2       mean difference       mean difference

Study or subgroup mean      SD    Total   mean      SD        Total    Weight    IV, random, 95% CI        Year       IV, random, 95% CI

1.1.2 Non-randomized studies

Maeta M 1999 298       39        35      261          40         35    33.3%     37.00 (18.49, 55.51)         1999

Kunisaki C 2006 455     120      150      224          80        430    33.2%  231.00 (210.36, 251.64)        2006

Hu JK 2009  316.6    36.4     62      206.1        52.5       55    33.4%  110.50 (93.93, 127.07)           2009

Subtotal (95% CI)       247            520  100.0%  126.07 (22.09, 230.04)

Heterogeneity: Tau2 = 8352.03; χ2 = 189.52, df  = 2 (P  < 0.00001); I 2 = 99%

Test for overall effect: Z  = 2.38 (P  = 0.02)

      -200  -100    0    100   200

    Favours D2+        Favours D2

C
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than that in the D2 group, and the test for heterogeneity 
was not applicable (Figure 4D).

Effects of interventions (Effects in non-randomized 
studies)
Five-year survival rate: Three non-randomized studies 
(767 patients)[43,45,46] reported 5-year overall survival 
rate, and the pooled RR was 0.96 (95% CI: 0.83-1.10), 
suggesting there was no statistical significance between 
the two groups; the P value of  the heterogeneity test was 
0.33 (Figure 2).

Two non-randomized studies[45,46] were included in 
the analysis. Pooled RR for serosa negative and positive 
subgroups were 0.97 (95% CI: 0.74-1.27) and 0.99 
(95% CI: 0.80-1.23), respectively, revealing there was 
no significant difference between these two subgroups. 
Comparing with D2, D2 + PAND didn’t improve 5-year 
overall survival whether in serosa negative or positive 
subgroups. The P values of  heterogeneity tests were 0.06 
and 0.89, respectively (Figure 3).

Post-operative morbidity and mortality: For similar 
reasons as listed for RCTs, the post-operative morbidity 
data couldn’t be combined. Post-operative morbidity was 
reported in three articles[43,44,46] (321 patients), but results 
were not coincident. Higher post-operative morbidity 
was reported by Bostanci et al[44] (individual RR 3.53 (95% 
CI: 1.68-7.42); however, two other articles[43,46] reported 
there was no significant difference between D2 and D2 
+ PAND groups (Figure 4A).

For post-operative mortality, all included non-rando-
mized studies (901 patients) could be analyzed, and the 
combined RR was 2.06 (95% CI: 0.69-6.15), suggesting 
there was no significant difference between the two 
groups. This indicated D2 + PAND could be performed 
without increasing post-operative mortality; the test 
for heterogeneity was negative with a P value of  0.34  
(Figure 4B).

Operation time: Data of  three non-randomized stud-
ies[43,45,46] (767 patients) were useful for meta-analysis, 
and the pooled WMD was 126.07 min (95% CI: 
22.09-230.04), suggesting that there was a significant dif-
ference between the two groups. The operation time for 
D2 + PAND was significantly longer than that for D2. 
The P value of  the heterogeneity test was less than 0.1 
(Figure 4C), and a sensitivity analysis identified that the 
study reported by Kunisaki et al[45] was the main source 
of  heterogeneity.

Blood loss during operation: Two non-randomized 
studies[43,45] (650 patients) could be used for meta-
analysis, and the pooled WMD was 302.86 mL (95% CI: 
127.89-477.84), revealing there was a significant differ-
ence between the two groups. This suggested that there 
was more blood loss in D2 + PAND. The test for het-
erogeneity was positive (P = 0.02, Figure 4D).

Potential risk factors for post-operative morbidity
Univariate and multivariate analysis were used to identify 
the potential risk factors for post-operative morbidity 
in only one RCT[38]; multivariate analysis revealed that 
pancreatectomy [RR 5.62 (95% CI: 1.94-16.27)] was the 
most important risk factor for overall complications, but 
meta-analysis wasn’t practicable.

Testing for publication bias
Because there were too few included studies, we didn’t 
draw funnel plots in our review.

DISCUSSION
The choice for the extent of  lymphadenectomy in GC 
has been controversial[18,30]. To perform a comparison of  
the effectiveness and safety between standard D2 and 
D2 + PAND, we conducted a systemic review based on 
current studies using the method provided by Cochrane 
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Figure 4  Meta-analysis of post-operative morbidity comparing (A), post-operative mortality (B), operation time (C), blood loss during operation (D) D2 + 
PAND with D2 gastrectomy.

1.2.1 RCTs

Yonemura Y 2006 872     683       128    571       527        128  100.0% 301.00 (151.55, 450.45)       2006

Subtotal (95% CI)        128          128  100.0% 301.00 (151.55, 450.45)

Heterogeneity: Not applicable

Test for overall effect: Z  = 3.95 (P  < 0.0001)

             D2+            D2       mean difference       mean difference

Study or subgroup mean      SD    Total   mean      SD        Total    Weight    IV, random, 95% CI     IV, random, 95% CI

1.2.2 Non-randomized studies

Maeta M 1999 733     306         35    526       220         35    43.9%   207.00 (82.14, 331.86)        1999

Kunisaki C 2006 865     485       150    479        302        430    56.1%  386.00 (303.30, 468.70)        2006

Subtotal (95% CI)        185           465  100.0%  302.86 (127.89, 477.84)

Heterogeneity: Tau2 = 13 101.28; χ2 = 5.49, df  = 1 (P  = 0.02); I 2 = 82%

Test for overall effect: Z  = 3.39 (P  = 0.0007)

      -500   -250      0      250    500

    Favours D2+        Favours D2
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Collaboration[33]. Four RCTs (total 1120 patients) and four 
non-randomized studies (total 901 patients) were included 
in our review. The results of  meta-analysis showed that 
the 5-year overall survival rate was similar between the 
two operations. Compared with that in D2 resection, 
post-operative morbidity and mortality didn’t increase 
in D2 + PAND, but the operation time was significantly 
longer and the blood loss was significantly greater in D2 
+ PAND in RCTs and non-randomized studies.

Minimal heterogeneity was found between the RCTs 
for all the measured outcomes, which ensured the 
quality of  the meta-analysis; however, this systematic 
review was not faultless. First, baseline characteristics 
were statistically similar in included studies, but were 
not exactly the same among each RCT; for example, 
T1 patients were included by Kulig et al[42] but not by 
Sano et al [37], which suggested a potential selection 
risk. Second, regional lymph nodes were classified by 
different classifications[31,32] in included studies, thus the 
station of  lymphadenectomy was confounding in D2 
and D2 + PAND groups, which led to the mixture of  
interventions between included studies. Additionally, 
surgical outcomes were related to experience of  the 
surgeon[47]; considering classification standards of  lymph 
node and learning curves of  surgeons performance bias 
might be introduced in our study. Third, from Table 3,  
blinding could be seen to be unclear in included studies, 
so measurement bias might exist. Although this was 
a general phenomenon in surgical clinical trials, it 
might weaken the reliability of  our results. Fourth, 
completeness of  data could affect the statistical results; 
according to reports of  primary literature, the loss 
rate of  data in all included studies was less than 15%, 
however this does not eliminate the possibility of  
potential bias. Fifth, stage migration, as it was known, 
might improve pathological stage- and N-stage-specific 
survival in GC[48,49]. However, this factor wasn’t taken 
into consideration in our included studies; this might 
affect the stage-specific survival after D2 and D2 + 
PAND. Finally, it was impossible for us to identify all 
relevant literature, even though we made great efforts; 
moreover, publication bias might exist due to the low 
number of  included studies.

Because there were few RCTs, non-randomized 
studies were included in our review to obtain as much 
comprehensive information as possible, and this problem 
is common in surgical systemic reviews. Considering 
the potential heterogeneity induced by methodology, we 
didn’t combine the data of  RCTs and non-randomized 
studies together. Additionally, although combined 
results of  the non-randomized studies were affected by 
considerable bias in view of  differences in methodology 
and baseline characteristics of  included patients, the aim 
of  meta-analysis of  non-randomized studies was just to 
offer an overview of  the general trend of  outcomes in 
these studies. In addition, results of  non-randomized 
studies were found to be similar to that of  RCTs, which 
increased the reliability of  our review to some extent.

Comparing with that of  D2 resection, the survival 
advantage of  D2 + PAND was controversial[27-29]. It was 
found that patients with positive PAN and stage Ⅲb 
patients got survival benefit from D2 + PAND by some 
researchers[20,23,50]. In our review, we failed to discover an 
overall survival benefit for D2 + PAND [RCTs: RR 1.04 
(95% CI: 0.93-1.16); non-randomized studies: RR 0.96 
(95% CI: 0.83-1.10)]. In order to identify possible sur-
vival discrepancy between D2 and D2 + PAND groups, 
we conducted a subgroup analysis which used serosa 
invasion as the only factor due to shortage of  primary 
data. Although it was considered to be an important 
prognostic factor for GC, we could not analyze TNM 
stages. In RCTs, there was a survival benefit for serosa 
negative patients [RR 1.14 (95% CI: 1.01-1.29)], but in 
non-randomized studies, there was no significant differ-
ence in 5-year survival rate between the serosa negative 
subgroup [RR 0.97 (95% CI: 0.74-1.27)] and the serosa 
positive subgroup [RR 0.99 (95% CI: 0.80-1.23)]. Theo-
retically, a larger range of  surgery options should pro-
duce survival benefit in more advanced carcinoma, so 
the finding in our meta-analysis seems unbelievable, and 
is the opposite to some studies[51]. Although definitive 
survival data of  a study by Kulig et al[42] are still to come, 
there is little reason to expect dramatic changes. There-
fore, potential survival benefit of  D2 + PAND com-
pared with D2 gastrectomy for patients in specific tumor 
stages, as well as a method to identify para-aortic lymph 
node metastasis pre-operatively, should be urgently re-
searched in future.

Pancreatic fistula and respiratory complications after 
PAND were significantly more common in a report by 
Kunisaki et al[25]; however, some retrospective reports 
revealed that there was no significant difference in post-
operative complications and mortality between D2 and 
D2 + PAND, and D2 + PAND can be performed safely 
by well-trained surgeons[26-27]. Post-operative morbidity 
data were not combined by us due to different definitions 
and contents in each included study, but controversy 
also appeared in different studies. Generally speaking, 
the extent of  lymphadenectomy could influence the 
morbidity rates of  GC patients, and it was reported that 
the greater the resection of  lymph nodes, the greater the 
probability of  complications[40,44]. But on the contrary, 
some researchers[36,37,42,43,46] revealed that there was no 
significant difference in the postoperative morbidity 
between D2 and D2 + PAND patients. In our review, 
post-operative mortality data were consistent in RCTs 
and non-randomized studies, with pooled RR 0.99 (95% 
CI: 0.44-2.24) and 2.06 (95% CI: 0.69-6.15), respectively, 
suggesting that D2 + PAND might be performed as 
safely as standard D2. To identify potential risk factors 
for post-operative morbidity, we searched all relevant 
literature, and found only one RCT data could be used[38]. 
Results of  multivariate analysis from this only fit RCT 
showed that pancreatectomy was the most important risk 
factor for overall complications, with RR of  5.62 (95% 
CI: 1.94-16.27). This finding was concurrent with some 
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other studies[52], and demonstrated that the resection of  
combined organs should be prudent.

In this review, we found that PAND, whether in 
RCTs or in non-randomized studies, was correlated with 
longer operation time [RCTs: WMD 195.32 min (95% CI: 
114.59-276.05); non-randomized studies: WMD 126.07 
min (95% CI: 22.09-230.04)] and more blood loss [RCTs: 
WMD 301 mL (95% CI: 151.55-450.45); non-randomized 
studies: WMD 302.86 mL (95% CI: 127.89-477.84)], 
which were different from that of  a related meta-analysis 
published recently[30], in which blood loss during operation 
wasn’t analyzed, but operation time was similar with a 
WMD - 112.60 min (95% CI: 286.22-61.02) between 
the two operations; clinically, the operative procedure to 
eradicate para-aortic lymph nodes is more complicated, 
so the wound degree of  surgery should be heavier in 
D2 + PAND, thus our results were more credible to 
some extent. As we know, wound degree of  surgery 
was intensively affected by skills of  surgeons, so if  we 
want to reduce the wound degree of  surgery for PAND 
patients, pre-operative training of  surgeon is necessary. 
Furthermore, in order to reduce the publication bias from 
different authors in different nations, standard operating 
procedures or rules for PAND should be achieved by 
consensus in time; otherwise, in the future, it will be also 
difficult to judge which RCT is more reliable.

Quality of  life after surgery, as we know, is an 
important index to evaluate treatment effectiveness for 
patients with malignant tumors. Unfortunately, very few 
studies reported this clinical outcome of  patients with 
advanced GC after PAND; so quality of  life after PAND 
should be taken into consideration in future clinical 
studies.

In conclusion, D2 + PAND can be performed as 
safely as standard D2. Compared with standard D2, 
D2 + PAND doesn’t have any overall survival benefit, 
but its’ wound degree of  surgery is significantly higher, 
demonstrated as a longer operation time and greater 
blood loss. Consequently we feel D2 + PAND should be 
performed prudently. For reducing wound degree during 
D2 + PAND, pre-operative training of  the surgeon is 
necessary and standard operating procedures or rules for 
PAND should be achieved by consensus. Additionally, 
research on the relationship between prognosis of  GC 
patients and combined organ resection, and potential 
survival benefit of  D2 + PAND for some specific stages 
of  advanced GC are urgently needed in the future.
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Although radical gastrectomy is thought to be an important treatment measure, 
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