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Abstract

AIM: To conduct a meta-analysis comparing laparo-
scopic total gastrectomy (LTG) with open total gastrec-
tomy (OTG) for the treatment of gastric cancer.

METHODS: Major databases such as Medline
(PubMed), Embase, Academic Search Premier (EBSCO),
Science Citation Index Expanded and the Cochrane
Central Register of Controlled Trials (CENTRAL) in The
Cochrane Library were searched for studies comparing
LTG and OTG from January 1994 to May 2013. Evalu-
ated endpoints were operative, postoperative and on-
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cological outcomes. Operative outcomes included oper-
ative time and intraoperative blood loss. Postoperative
recovery included time to first flatus, time to first oral
intake, hospital stay and analgesics use. Postoperative
complications comprised morbidity, anastomotic leak-
age, anastomotic stenosis, ileus, bleeding, abdominal
abscess, wound problems and mortality. Oncological
outcomes included positive resection margins, number
of retrieved lymph nodes, and proximal and distal re-
section margins. The pooled effect was calculated using
either a fixed effects or a random effects model.

RESULTS: Fifteen non-randomized comparative stud-
ies with 2022 patients were included (LTG - 811, OTG
- 1211). Both groups had similar short-term oncologi-
cal outcomes, analgesic use (WMD -0.09; 95%CI:
-2.39-2.20; P = 0.94) and mortality (OR = 0.74;
95%CI: 0.24-2.31; P = 0.61). However, LTG was as-
sociated with a lower intraoperative blood loss (WMD
-201.19 mL; 95%CI: -296.50--105.87 mL; 2 < 0.0001)
and overall complication rate (OR = 0.73; 95%CI:
0.57-0.92; P = 0.009); fewer wound-related complica-
tions (OR = 0.39; 95%CI: 0.21-0.72; P = 0.002); a
quicker recovery of gastrointestinal motility with shorter
time to first flatus (WMD -0.82; 95%CI: -1.18--0.45;
P < 0.0001) and oral intake (WMD -1.30; 95%CI:
-1.84--0.75; P < 0.00001); and a shorter hospital stay
(WMD -3.55; 95%CI: -5.13--1.96; P < 0.0001), albeit
with a longer operation time (WMD 48.25 min; 95%CI:
31.15-65.35; P < 0.00001), as compared with OTG.

CONCLUSION: LTG is safe and effective, and may
offer some advantages over OTG in the treatment of
gastric cancer.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Gastric cancer; Laparoscopic total gastrec-
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Core tip: Currently, surgical resection is the mainstay
treatment for gastric cancer. With technical advances
and improved instrumentation, laparoscopic total gas-
trectomy (LTG) is being used increasingly to treat this
malignant disease. However, compared with conven-
tional open total gastrectomy (OTG), the safety and
technical feasibility of LTG have not been adequately
evaluated. This study clarified that, compared with
OTG, LTG has similar short-term oncological outcomes,
analgesic use and mortality. Furthermore, LTG was as-
sociated with lower intraoperative blood loss and over-
all complication rate, fewer wound-related complica-
tions, quicker recovery of gastrointestinal motility and
a shorter hospital stay, albeit with a longer operation
time.

Xiong JJ, Nunes QM, Huang W, Tan CL, Ke NW, Xie SM,
Ran X, Zhang H, Chen YH, Liu XB. Laparoscopic vs open
total gastrectomy for gastric cancer: A meta-analysis. World J
Gastroenterol 2013; 19(44): 8114-8132 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i44/8114.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.144.8114

INTRODUCTION

Gastric cancer is one of the most common cancers

wotldwide and is a leading cause of cancer death". De-
spite improvements in diagnosis and systemic therapy,
surgery, in the form of gastrectomy with lymph node
dissection, still forms the mainstay of treatment”. Since
it was first described in 1994™, laparoscopic surgery, and
more specifically laparoscopic distal gastrectomy, has
been used widely in the far Fast to treat eatly gastric can-
cers and is associated with many advantages over open
surgery[“]. On the other hand, laparoscopic total gas-
trectomy (LTG) with lymph node dissection, which was
reported in 1999 is practiced less widely and is more
challenging to performm. The procedure is associated
with a high risk of bleeding and a technically demanding
anastomosis, all within a narrow operating field™". How-
ever, with technical advances and improved instrumenta-
tion, LTG is now being used increasingly to treat gastric
cancer ",

A number of studies comparing the short-term or
long-term outcomes, of LT'G #s conventional open total
gastrectomy (OTG) for carly and advanced gastric cat-
cinoma have shown it to be feasible, oncologically effec-
tive and safe in experienced hands"*"". LTG offers the
potential advantage of being less invasive, causing less
surgical trauma with less postoperative pain and a quicker
recovery ™. However, most studies were too small to
adequately evaluate the surgical outcomes of LTG. The
aim of the current study was to inform future surgical
practice by comparing the technical feasibility, effective-
ness, and safety of LT'G and OTG in the treatment of
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catly and advanced gastric cancer, through a systematic
review and meta-analysis of published comparative stud-
ies.

MATERIALS AND METHODS

Literature search

A comprehensive literature search in Medline (PubMed),
Embase, Academic Search Premier (EBSCO), Science
Citation Index Expanded and the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) in The Cochrane
Library was carried out for relevant studies, between
January 1994 and May 2013, comparing OTG and LTG
in the treatment of gastric cancer. The following search
terms were used: “gastric cancer; laparoscopic total gas-
trectomy; laparoscopic assisted total gastrectomy; mini-
mally invasive surgery; open total gastrectomy” along
with their synonyms or abbreviations. Reference lists of
selected articles were also examined to identify relevant
studies that were not identified in the database searches.
Investigators and experts in the field of laparoscopic
surgery were contacted to ensure that all relevant studies
were identified. Only comparative clinical trials with full-
text descriptions were included. Final inclusion of articles
was determined by consensus; when this failed, a third
author adjudicated.

Inclusion criteria

Studies included: (1) English language articles published
in peer-reviewed journals; (2) human studies; (3) studies
with at least one of the outcomes mentioned; (4) clear
documentation of the operative techniques as “open” or
“laparoscopic” or “laparoscopic-assisted”’; and (5) where
multiple studies came from the same institute and/or
authors, either the higher quality study or the more recent
publication was included in the analysis.

Exclusion criteria

Excluded studies: (1) abstracts, letters, editorials, expert
opinions, case reports, reviews and studies lacking control
groups; (2) studies for benign lesions and gastrointestinal
stromal tumor (GIST); (3) studies comparing two lapa-
roscopic surgical approaches or comparing laparoscopic
and robot-assisted gastrectomy; (4) studies including only
subgroup analyses comparing LTG with OTG; and (5)
repeated reports between authors, centers, and the pa-
tient community.

Outcomes of interests

Operative outcomes included operation time and intraop-
erative blood loss. Oncological outcomes included posi-
tive resection margins, number of retrieved lymph nodes,
and proximal and distal resection margins. Postoperative
recovery outcomes included time to first flatus, time to
first oral intake, analgesic use and hospital stay. Outcomes
for postoperative complications included overall compli-
cation rate, anastomotic leakage, anastomotic stenosis,
ileus, bleeding, abdominal abscess, wound-related prob-
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lems and mortality.

Data extraction and quality assessment

Two independent observers using standardized forms
extracted the data. The recorded data included study
characteristics, quality assessment and perioperative out-
comes. The quality of the studies was assessed using the
modified Newcastle-Ottawa Scale, with changes made to
reflect the needs of this study™?'. The maximum num-
ber of stars in the selection, comparability, and outcome
categories were 3, 4, and 2, respectively. Studies achieving
6 or more stars were considered high quality[zzl.

Statistical analysis

Meta-analysis was performed using Review Manager
Version 5.0 software (The Cochrane Collaboration,
Oxford, United Kingdom). For continuous variables,
treatment effects were expressed as weighted mean dif-
ference (WMD) with corresponding 95% confidence
interval (CI). For categorical variables, treatment effects
were expressed as odds ratio (OR) with corresponding
95%CI. Heterogeneity was evaluated using the ;(2 test,
and a P value < 0.1 was considered significant; I’ values
were used for the evaluation of statistical heterogene-
itymj. A fixed-effects model was initially calculated for
all outcomesm], but if the test rejected the assumption
of homogeneity of the studies, then a random-effects
analysis was performed[zs]. Sensitivity analyses were per-
formed by removing individual studies from the data set
and analyzing the effect on the overall results, to identify
sources of significant heterogeneity. Subgroup analyses
were also undertaken by including only high quality stud-
les to present cumulative evidence. Funnel plots based
on the operation time were constructed to evaluate po-
tential publication bias’.

RESULTS

Description of trials included in the meta-analysis
The search strategy generated 91 relevant clinical stud-
ies, among which 19 full text articles™ """ ere
identified for further investigation. Of these, four stud-
. [18,31,35,36] . 36]
ies were excluded for various reasons: 1 study ™,
based on an administrative database, was used to assess
hospital practice performance with regard to the quantity
of medical care items and diet provided during hospital-
ization; another study”™ only compared LTG with OTG
in a subgroup analysis; and two studies were repeated
[18,31] : . [9,10,14-17,27-30,32-34,37,38]
reports’ . Finally, 15 studies were
identified for inclusion, of which two were prospective
non-randomized comparative studies'**”, the rest being
retrospective comparative studies. Figure 1 shows the

study selection process in our meta-analysis.

Study and patient characteristics

Two thousand and twenty-two patients, 811 patients
from the LTG group and 1211 patients from the
OTG group, were included in the study. Eleven stud-
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Studies identified Additional studies identified

S (databases) through other sources

'*§ (n =218) (n = 26)

(0]

=

‘ Studies after duplicate exclusion (7 = 91) ‘

2

§ ‘ Studies screened (7 = 91) ‘

s}

(9]
Studies excluded based on
title and abstract screening
(n=72)

=

3 Studies assessed for eligibility

2 (n=19)

w
Full-text articles excluded (7 = 4)
Hospital administrative outcomes (7 = 1)
Only subgroup analysis comparing LTG
and OTG (n = 1)
Repeated reports (7 = 2)

o Studies included in final analysis

()

k= (n =15)

© Prospective comparative study (7 = 2)

Retrospective comparative study (7 = 13)

Figure 1 Flow diagram outlining the study selection process according
to PRISMA guidelines. OTG: Open total gastrectomy; LTG: Laparoscopic total
gastrectomy.

10,14,16,17,28,29,32,34,37,38] - . .
””””” ! included patients with both early

and advanced gastric cancer, while three studies!*!
only included patients with early gastric cancer; one
study”” only included patients with advanced gastric
cancer. In seven studies'"*'"**>** D) lymph node
dissection was exclusively performed, while D1+[3 was
completed in three studies”™™*. The remaining stud-
jegl! 16293438 reported D1+a/ B and D2 dissections. All
the studies were conducted in Asia and Europe, and
were published between 2009 and 2013. The sample
size ranged from 19 to 448 patients. From the nine stud-
s ¢ reported data on conversion to an
open procedure; LT'G was converted to an open proce-
dure in five patients in two studies'™”". The study char-
acteristics (Table 1), quality assessment scoring (Table 2),
perioperative outcomes of the included studies (Table 3)
and the results of the meta-analysis (Table 4) have been
summarized appropriately.

.
ies!

Operative outcomes

“Operation time” was reported in all studies. The analysis
showed that the LTG group had a significantly longer
operation time compared with the OTG group (WMD
48.25 min, 95%CI: 31.15-65.35, P < 0.00001), albeit with
a significant heterogeneity (I’ = 93%). Data from 12 stud-
jesHITATEALIITI were pooled together to obtain the
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Author, year Country Study Group No. of Age Gender BMI ASA Tumor Tumor stage'  Extent of  Population
design patients (yr) (M/F) (kg/m?) (1:2:3)  size (cm) LND

Dulucq et al™, France PCS LTG 8 75 +8 3/5 NA NA 55+2 NA Dl+p  EGC+AGC

2005 OTG 11 67+ 14 5/6 NA NA 6.1+0.4 NA

Usui et al”, Japan RCS LTIG 20 66.0+10.4 13/7 21.3+3.1 NA NA 8/10/2/0/0 Dl+B  EGC+AGC

2005 OTG 19 66.2+10.2 14/5 221424 NA NA 10/8/1/0/0

Kim et al™, South RCS LTG 27 573+14.2 16/11  22.6+3.1 NA NA NA D1 + a/p, D2 EGC + AGC

2008 Korea oTG 33 61.6+£92 23/10 224+21 NA NA NA

Mochiki et al", Japan RCS LTG 20 66+24 16/4 NA NA 3.6+05 NA D1+ EGC

2008 OTG 18 63+22 16/2 NA NA 57+0.8 NA

Topal et al", Belgium PCS LTG 38  68(37-85) 23/15 24 (17-30) NA 47 (7-180) 0/17/7/10/4 D2 EGC + AGC

2008 OTG 22 69(38-86) 17/5 24 (17-30) NA 30 (10-180)  0/7/7/6/2

Kawamura et al®, Japan RCS LTG 46 64+104 10/36 228+3.0  15/27/4 NA NA D2 EGC

2009 OTG 35 652+107 10/25 229+24  14/15/6 NA NA

Sakuramoto et al”, Japan RCS LTG 30 63.7+£92  12/18  21.9+27 9/20/1  4.0+29  0/25/2/3/0 DI1+pB,D2 EGC+AGC

2009 OTG 44 672499 10/34 225+3.6 8/28/8 61+37 0/15/17/12/0

Du et al™”, China RCS LTG 82 60.4+185 54/28 223426 NA 54+14 0/3/36/43/0 D2 AGC

2010 OTG 94  578+172 61/33 225424 NA 59+1.6 0/6/31/57/0

Kim et al™, South RCS LIG 63 55.9+122 43/20 227+25  45/15/3 38+21 NA D2 EGC

2011 Korea OTG 127 573+11.1 81/46 23.0+29  86/39/2 39+27 NA

Eom et al, South RCS LTG 100 549%135 57/43 22728 NA 43+29 NA D1+p,D2 EGC+ AGC

2012 Korea OTG 348  587+115 254/94 238429 NA 44430 NA

Guan et al'"”, China RCS LIG 41 60.7+91  33/8 NA NA NA 0/18/20/3/0 D2 EGC + AGC

2012 OTG 56  578+99 40/16 NA NA NA 0/25/25/6/0

Siani et al™, Italy RCS LTG 25 65+85 15/10 NA NA NA 0/6/5/14/0 D1 +a/p, D2 EGC + AGC

2012 OTG 25 66+7.8 18/7 NA NA NA 0/4/5/16/0

Kim et al™, South RCS LTG 139  58(30-84) 86/53 23.6(13.6-32.4) 85/46/8 3.2(0.2,15) NA D2 EGC + AGC

2013 Korea OTG 207 56 (31-84) 134/73 24.1(16.7-35.2) 137/52/18 4.0 (0.3,22) NA

Jeong et al™, South RCS LTG 122  632+112 89/33 231+34  33/80/9 NA NA D1+B,D2 EGC+AGC

2013 Korea OTG 122  626+117 93/29 235+32  43/67/12 NA NA

Lee et al™, South RCS LTG 50  50.6+221 32/18 232+37  34/11/5 NA 0/24/13/9/4 D2 EGC + AGC

2013 Korea OTG 50 514226 32/18 23+34  31/16/3 NA 0/24/13/9/4

Continuous variables are presented as means + SD or median and range. 'Pathological tumor stage (0/ I / Il /Il /IV). PCS: Prospective comparative study;
RCS: Retrospective comparative study; LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; BMI: Body mass index; NA: Not available;
ASA: American Society of Anesthesiologists; LND: Lymph node dissection; EGC: Early gastric cancer; AGC: Advanced gastric cancer; M/F: Male/female.

mean intraoperative blood loss in the two groups. LTG
was associated with a significantly lower intraoperative
blood loss compared with OTG (WMD -201.19 mL,
95%CI: -296.50--105.87 mL, P < 0.0001), with a signifi-
cant heterogeneity (I’ = 98%). Forest plots for operative
outcomes are shown in Figure 2.

Postoperative recovery
reported the time to first

Twelve studies®61777-0323457.38]
. . [9,16,17,27,29,32,33,37
flatus and eight studies™' ' 2 ] reported data on oral

intake post-surgery. Our analyses showed that patients un-
dergoing LT'G had a quicker recovery of intestinal motil-
ity compared with the OTG group. The time to first flatus
(WMD -0.82, 95%CI: -1.18--0.45, P < 0.0001) and the
time to first oral intake (WMD -1.30, 95%CI: -1.84--0.75,
P < 0.00001) were significantly shorter in the LTG group
compared with the OTG group. Analysis of the 13 stud-
jesg M HIFITAEA0AIITI (o reported the duration of hospital
stay indicated that LTG was associated with a significantly
shorter postoperative hospital stay compared with OTG
(WMD -3.55, 95%CI: -5.13--1.96, P < 0.0001). However,
there was no statistically significant difference between the
two groups in the use of analgesics post-surgery (WMD
-0.09, 95%CI: -2.39-2.20, P = 0.94). Forest plots for post-

operative recovery outcomes are shown in Figure 3.
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Postoperative complications

A pooled analysis of 14 studies!" ™' G0 dicated
that the overall complication rate was significantly lower
in the LTG group compared with the OTG group (OR
= 0.73, 95%CI: 0.57-0.92, P = 0.009). Also, the analysis
of 13 studies!"""> 7270234373 suggested that patients in
the LTG group had significantly fewer wound-related
complications compared with the OTG group (OR =
0.39, 95%CI: 0.21-0.72, P = 0.002). However, there were
no significant differences in the rate of anastomotic leak
(OR = 1.6, 95%CI: 0.88-2.91, P = 0.12), anastomotic ste-
nosis (OR = 1.22, 95%CI: 0.68-2.21, P = 0.50), ileus (OR
1.26, 95%CI: 0.69,2.30; P = 0.406), bleeding (OR = 1.42,
95%CI: 0.70-2.87; P = 0.33), abdominal abscess (OR =
0.53, 95%CI: 0.28-1.03, P = 0.06) or mortality (OR = 0.74,
95%CI: 0.24-2.31, P = 0.61) between the two groups.
Forest plots for postoperative outcomes are shown in

Figure 4.

Oncological outcomes

All included studies reported data on the number of
lymph nodes retrieved; there was no significant differ-
ence between the two groups (WMD -2.49, 95%CI:
-5.18-0.21, P = 0.07), albeit with a significant heterogene-
ity in the result (I = 74%). Five studies!"*"* reported
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Table 2 Quality assessment scoring of included studies, according to NOS criterion

Author, year Selection Comparability' Outcome assessment Star Score
1 2 3 4 5 6 7
Dulucq et lllm], 2005 * & € * * * Fkkkkk
Usui et al'”, 2005 * * * * * -
Kim et al™, 2008 * * * * -
Mochiki et al™, 2008 * * * * * * —
Topal et al™, 2008 * * G @ ** * R
Kawamura et al®”, 2009 * * * o * * * Sk
Sakuramoto et al®, 2009 * * * o * * PR
Du et al™”, 2010 * * * o * o s
Kim et al®, 2011 * * * - * * —
Eom et al™, 2012 * * * * * -
Guan et al"™, 2012 * * * * * o
Siani et al™, 2012 * * * * * * ¥ —
Kim et al®™, 2013 * * * - * -
Jeong et al®, 2013 * * * - * * —
Lee et al®™, 2013 * * * o * * o o

Based on Newcastle-Ottowa Scale with maximum of *** for selection, ****for comparability, and ** for outcome assessment. 'Comparability variables are (1)
age, (2) sex, (3) body mass index, (4) American Society of Anesthesiologists, (5) comorbidity, (6) tumor size and (7) tumor stage. Group comparable for (1)-(3)
or (4)-(7) (if yes, two stars, one star if one of these three characteristics was not reported, even if there were no other differences between the two groups and
other characteristics had been controlled; no points were assigned if the two groups differed).

Table 3 Perioperative outcomes

Author, year Group Operation Intraoperative No. of resected Time to first Time to first  Hospital Analgesics Postoperative In-hospital
time (min)  blood loss (mL) lymph nodes flatus (d) oral intake stay use (times) complications Mortality
() (d) (d) (%) (%)
Dulucgq et al™, LTG 183 + 48 81+107 24412 36+12 NA 169+3 NA 0 0
2005 OTG 165 + 60 125495 20+8 47+12 NA 2449 NA 18 9
Usui et al”, LTG 28014452  227.5+148.1 28.0+15.1 29409 57+21 155+39 21+13 NA NA
2005 OTG 2664+482  3931+173.6 289+14.3 42+14 88+13 232+46 34+44 NA NA
Kim et al™, LTG 527.5+95.7 NA 27.2+15.7 3.6+09 NA 162+7.1 NA 7.4 0
2008 OTG 3209 +75.8 NA 37.2+15.7 41+13 NA 16.0+93 NA 24.2 0
Mochiki et al", LTG 254 +10 299 + 50 2643 NA NA 1943 NA 25 0
2008 OTG 248 +12 758 + 78 35+4 NA NA 2943 NA 16.7 0
Topal et al™, LTG 187 + 60 10.0 £ 98.8 NA NA NA NA NA 39.5 26
2008 OTG 152.5 25 450.0 + 337.5 NA NA NA NA NA 409 45
Kawamura et al™,  LTG 291.9 +59.4 549 +453 485+16.3 41+10 NA 155+33 69+56 87 0
2009 OTG 27214768  304.3+237.3 47.1+215 43+13 NA 188+63  4.0+32 229 0
Sakuramoto et al™,  LTG 313 + 81 13498 432+17.2 24+11 49+1.1 135427 68+64 16.7 0
2009 OTG 218 +53 407 + 270 5124221 33+1.0 6.0+2.1 182+96 11.8+11.0 27.3 0
Du et al™”, LTG 275+ 78 156 + 112 342+135 35+08 35+08 NA NA 9.8 0
2010 OTG 212 +51 339 + 162 36.4+19.1 53+13 53+13 NA NA 245 21
Kim et al®, LTG 150.8+31.2  179.7 +123.8 38.7 £15.7 33+07 43+17 81+38  53+49 12.7 0
2011 OTG 13124216  272.7 +209.6 35.6 +13.1 3.8+0.8 5.6+44 9.6+53  3.6+39 189 0
Eom et al™, LTG 283.7 +84.1 NA 483 +16.4 NA NA 12.6+155 NA 27 1
2012 OTG 198.5 +59.7 NA 498 +18.4 NA NA 143 +16.7 NA 23.6 0.9
Guan et al"”, LTG 23574385  104.2+£429 231480 3407 22409 9.7+22 NA 49 0
2012 OTG 21154332  355.6+51.3 242475 33+04 31405 13.6+3.6 NA 5.4 0
Siani et al™, LTG 211+23 250 + 150 35+18 21409 NA 10.5+1.5 NA 16 0
2012 OTG 185+19 495 +190 40+16 41+15 NA 145+3.1 NA 4 0
Kim et al™, LTG 144 +104.3 NA 37424 3+2 3+123 7+193 34245 10 0
2013 OTG 137 £ 105 NA 34+188 4+23 5+10 8+9 4493 21.7 0
Jeong et al®™, LTG 289 + 89 249 +204 42+15 29+0.8 3.9+44 11.8+11.8 NA 238 1.6
2013 OTG 203 + 78 209 + 157 46+17 3.0+0.8 3.6+3.3 10.8 7.0 NA 17.2 0.9
Lee et al™, LTG 258 + 54 167.3 +135.2 484 +18.4 4+12 5+1.7 93+42 NA 24 0
2013 OTG 198 +57 178.4 +107 543 +20.5 45+15 61425 11.7+73 NA 32 0

LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; NA: Not available.

data on positive resection margins; in only one studym],
resection margins were found to be positive in one pa-
tient each from the LTG and OTG groups and with no
significant difference between the two groups (OR =
0.57, 95%CI: 0.03-9.55, P = 0.69). There were also no
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significant differences in the lengths of the proximal
resection margin (WMD -0.26, 95%CI: -0.54-0.01, P =
0.06) and distal resection margin (WMD 0.32, 95%ClI:
-0.05-0.68, P = 0.09) between the two groups when data

. [10273233 .
from four studies' | were pooled. Seven studies re-
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Table 4 Results of meta-analysis comparing laparoscopic total gastrectomy vs open total gastrectomy

Outcome of interest No. of studies  No. of patients OR/WMD 95%ClI P value Heterogeneity P value />
Operative outcomes

Operation time (min) 15 2022 48.25 31.15-65.35 <0.00001 < 0.00001 93%
Intraoperative blood loss (mL) 12 1168 -201.19 -296.50--105.87 <0.0001 <0.00001 98%
Postoperative recovery

Time to first flatus (d) 12 1412 -0.82 -1.18--0.45 <0.0001 < 0.00001 90%
Time to first oral intake (d) 8 1266 -13 -1.84--0.75 < 0.00001 <0.00001 82%
Hospital stay (d) 13 1786 -3.55 -5.13--1.96 <0.0001 < 0.00001 86%
Analgesics use (times) 5 730 -0.09 -2.39-2.20 0.94 0.0008 79%
Postoperative complications

Overall complication 14 1983 0.73 0.57-0.92 0.009 0.08 37%
Anastomotic leakage 14 1983 1.6 0.88-2.91 0.12 0.68 0%
Anastomotic stenosis 13 1923 1.22 0.68-2.21 0.50 0.95 0%
Ileus 13 1923 1.26 0.69-2.30 0.46 0.85 0%
Bleeding 13 1923 1.42 0.70-2.87 0.33 0.26 23%
Abdominal abscess 13 1923 0.53 0.28-1.03 0.06 0.37 8%
Wound problems 13 1923 0.39 0.21-0.72 0.002 0.75 0%
Oncological outcomes

Positive resection margins 5 698 0.57 0.03-9.55 0.69 - -
No. of resected lymph nodes 14 1962 -2.49 -5.18-0.21 0.07 < 0.00001 74%
Proximal resection margin (cm) 4 1160 -0.26 -0.54-0.01 0.06 0.65 0%
Distal resection margin (cm) 4 1160 0.32 -0.05-0.68 0.09 0.22 32%

ported data on long-term survival following the two pro-
01102728503 1 ee or al™” reported no significant
difference in the disease-specific survival rate between
the LTG and OTG groups at a median follow-up of 50
months; there were also no significant differences re-
ported in the disease-free survival rate (100% »s 90.9%, P
= 0.5) and the cumulative survival rate (91.5% vs 95.2%,
P = 0.618) in patients with stage I cancer (INM) be-
tween the LTG and OTG groups. Eom ez al' reported
no significant difference in the disease-free survival rates
between the LTG and OTG groups, after adjustment
for five variables (age, tumor size, Lauren classification,
depth of invasion and lymph node metastasis). Mochiki
et al" reported no significant difference in the cumulate
5-year or disease-specific survival rates between the LTG
and OTG groups, while Siani ez al™ reported 5-year over-
all and disease free sutrvival rates of 55.7% and 54.2% in
the LTG group and 52.9% and 52.1% in the OTG group

respectively, with no statistically significant differences.

cedures

However, as the duration of follow-up varied between
studies, it was difficult to compare the survival rates. For-
est plots for oncological outcomes are shown in Figure 5.

Sensitivity and subgroup analysis

Sensitivity analyses were performed by removing individ-
ual studies from the data and analyzing the effect on the
overall results to identify sources of significant heteroge-
neity. These exclusions did not alter the results obtained
from the cumulative analyses. Subgroup analyses were
undertaken for all outcome measures by including only
high quality studies. Analysis of the high-quality studies
showed that there were no significant differences for any
of the outcomes. These are shown in Figure 6.

Publication bias
The funnel plot based on the operation time is shown in
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Figure 7. There was no broad evidence of publication
bias, as none of the studies lay outside the 95%CI limits.

DISCUSSION

Laparoscopic surgery is being used increasingly to treat
gastric cancer, and has been shown to have many advan-
tages over open surgery. However, LTG is less widely
practiced compared with laparoscopic distal gastrectomy
because of the technical challenges it poses and the ab-
sence of compelling evidence to substantiate its use”.
Technical advances, better instrumentation and increas-
ing surgical experience in the procedure are aiding its
increasing application to treat of early and advanced
gastric cancer. The aim of the current study was to in-
form future surgical practice by comparing the technical
feasibility, effectiveness, and safety of LTG with OTG in
the treatment of early and advanced gastric cancer, using
a systematic review and meta-analysis of published com-
parative studies.

Our analyses indicated that the operation time was
significantly longer in the LTG group than in the OTG
group. This may be because LTG is more technically
demanding than OTG and may result from the learning
curve associated with the procedure”'**. While adequate
training in laparoscopic techniques is necessary, it was
concluded that an experienced laparoscopic surgeon
would not require any more time to perform LTG com-
pared with OTG"™. In one study, the operation time for
LTG in the later period was significantly shorter than
in the early period; this related to the experience gained
by the surgeon over the petiod of the study™. Further
development in surgical techniques, especially for anas-
tomosis and new instruments, may further decrease the
operation time for LTG"". In our study, LTG was as-
sociated with a significantly lower intraoperative blood
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A LTG OoTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Usui 2005 280.1 45.2 20 266.4 48.2 19 6.3% 13.70 [-15.66, 43.06] 2005 —
Dulucq 2005 183 48 8 165 60 11 4.8% 18.00 [-30.62, 66.62] 2005 I
Mochiki 2008 254 10 20 248 12 18 7.6% 6.00 [-1.07, 13.07] 2008 T
Kim 2008 527.5 957 27 3209 758 33 5.1% 206.60 [162.19, 251.01] 2008 »
Topal 2008 187 60 38 1525 25 22 6.9% 34.50 [12.75, 56.25] 2008 —
Sakuramoto 2009 313 81 30 218 53 44 6.0% 95.00 [62.06, 127.94] 2009 —
Kawamura 2009 2919 59.4 46 272.1 768 35 6.2% 19.80 [-10.89, 50.49] 2009 O
Du 2010 275 78 82 212 51 94 7.0% 63.00 [43.22, 82.78] 2010 e
Kim 2011 150.8 31.2 63 131.2 21.6 127 7.6% 19.60 [11.03, 28.17] 2011 -
Guan 2012 235.7 385 41 2115 33.2 56 7.3% 24.20 [9.55, 38.85] 2012 —
Eom 2012 283.7 84.1 100 198.5 59.7 348 7.1% 85.20 [67.56, 102.84] 2012 —
Siani 2012 211 23 25 185 19 25 7.5% 26.00 [14.31, 37.69] 2012 —
Jeong 2013 289 89 122 203 78 122 6.9% 86.00 [65.00, 107.00] 2013 —
Lee 2013 258 54 50 198 57 50 6.9% 60.00 [38.24, 81.76] 2013 e —
Kim 2013 144 1043 139 137 105 207 6.8% 7.00 [-15.48, 29.48] 2013 B R
Total (95%CI) 811 1211 100.0% 48.25 [31.15, 65.35] -
Heterogeneity: Tau2 = 984.69; 2 = 214.38, df = 14 (P < 0.00001); 72 = 93% -100 50 0 50 100
Test for overall effect: Z = 5.53 (P < 0.00001) Favours LTG Favours OTG

B LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean  SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Usui 2005 227.5 148.1 20 393.1 173.6 19 8.0% -165.60 [-267.12, -64.08] 2005
Dulucq 2005 81 107 8 125 95 11 8.1% -44.00 [-137.00, 49.00] 2005 —
Mochiki 2008 229 50 20 758 78 18 8.7%  -529.00 [-571.17, -486.83] 2008 «
Topal 2008 10 98.8 38 450 337.5 22 7.3%  -440.00 [-584.49, -295.51] 2008 44—
Kawamura 2009 549 453 46 304.3 2373 35 8.3%  -249.40 [-329.10, -169.70] 2009 —
Sakuramoto 2009 134 98 30 407 270 44 8.2%  -273.00 [-360.15, -185.85] 2009 —
Du 2010 156 112 82 339 162 94 8.7%  -183.00 [-223.74, -142.26] 2010 —
Kim 2011 179.7 123.8 63 272.7 209.6 127 8.6% -93.00 [-140.58, -45.42] 2011 —
Guan 2012 104.2 429 41 355.6 513 56 8.8%  -251.40[-270.19, -232.61] 2012 -
Siani 2012 250 150 25 495 190 25 8.1%  -245.00 [-339.89, -150.11] 2012 -
Lee 2013 167.3 1352 50 178.4 107 50 8.6% -11.10 [-58.89, 36.69] 2013 .
Jeong 2013 249 204 122 209 157 122 8.6% 40.00 [-5.68, 85.68] 2013 -
Total (95%CI) 545 623 100.0%  -201.19 [-296.50, -105.87] -
Heterogeneity: Tau2 = 26859.21; 2 = 470.65, df = 11 (P < 0.00001); /2 = 98%

Test for overall effect: Z = 4.14 (P < 0.0001)

-200-100 0 100 200
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Figure 2 Forest plots illustrating results of operative outcomes in the form of a meta-analysis comparing laparoscopic total gastrectomy vs open total
gastrectomy for gastric cancer. Pooled weighted mean difference (WMD) with 95%Cl was calculated using the random effects model. A: Operation time; B: Intraop-

erative blood loss. LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy.

A LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI  Year 1V, random, 95%CI
Dulucg 2005 3.6 1.2 8 47 12 11 53% -1.10[-2.19,-0.01] 2005
Usui 2005 29 09 20 42 14 19 7.1% -1.30 [-2.04, -0.56] 2005 —

Kim 2008 36 09 27 41 13 33 8.1% -0.50 [-1.06, 0.06] 2008 —

Kawamura 2009 4.1 1 46 43 13 35 8.4% -0.20[-0.72, 0.32] 2009
Sakuramoto 2009 2.4 1.1 30 33 1 44 8.5% -0.90[-1.39, -0.41] 2009

Du 2010 3.5 08 8 53 13 9% 9.3% -1.80[-2.11,-1.49] 2010
Kim 2011 3.3 07 63 38 08 63 9.5% -0.50 [-0.76, -0.24] 2011
Guan 2012 3 0.7 41 33 04 56 9.6% -0.30 [-0.54, -0.06] 2012
Siani 2012 2.1 09 25 41 15 25 7.4% -2.00[-2.69, -1.31] 2012
Lee 2013 4 1.2 50 45 15 50 8.3% -0.50 [-1.03, 0.03] 2013
Jeong 2013 29 08 122 3 08 122 9.7%  -0.10 [-0.30, 0.10] 2013
Kim 2013 3 2 139 4 23 207 8.7% -1.00 [-1.46,-0.54] 2013
Total (95%CI) 653 759 100.0% -0.82 [-1.18, -0.45]

Heterogeneity: Tau2 = 0.35; 2 = 113.38, df = 11 (P < 0.00001); /2 = 90%
Test for overall effect: Z = 4.37 (P < 0.0001)
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B LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI  Year 1V, random, 95%CI
Usui 2005 5.7 2.1 20 8.8 1.3 19 10.6% -3.10 [-4.19, -2.01] 2005 =
Sakuramoto 2009 4.9 1.1 30 6 21 44 13.8% -1.10[-1.83,-0.37] 2009 -

Du 2010 3.5 0.8 82 53 13 94 17.4% -1.80[-2.11,-1.49] 2010 =

Kim 2011 4.3 1.7 63 56 44 127 12.5% -1.30[-2.17,-0.43] 2011 -

Guan 2012 2.2 0.9 41 3.1 05 56 17.4% -0.90[-1.21,-0.59] 2012 =

Jeong 2013 39 44 122 36 33 122 11.6% 0.30[-0.68,1.28] 2013 e

Kim 2013 3 123 139 5 10 207 3.9% -2.00 [-4.46, 0.46] 2013 -

Lee 2013 5 1.7 50 6.1 25 50 12.8% -1.10[-1.94,-0.26] 2013 .

Total (95%CI) 547 719 100.0% -1.30[-1.84, -0.75] ¢

Heterogeneity: Tau2 = 0.42; y2 = 37.91, df = 7 (P < 0.00001); /2 = 82% - P

Test for overall effect: Z = 4.67 (P < 0.00001) 4 -2 0 2 4
Favours LTG  Favours OTG

C LTG oTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Dulucq 2005 16.9 3 8 24 9 11 4.3% -7.10[-12.81,-1.39] 2005
Usui 2005 155 3.9 20 232 46 19 7.7% -7.70 [-10.38, -5.02] 2005 -

Mochiki 2008 19 3 20 29 3 18 8.6% -10.00[-11.91, -8.09] 2008 —

Kim 2008 16.2 7.1 27 16 9.3 33 5.9%  0.20 [-3.95, 4.35] 2008 -
Sakuramoto 2009  13.5 2.7 30 18.2 9.6 44 7.3% -4.70 [-7.70,-1.70] 2009 —

Kawamura 2009 155 33 46 18.8 6.3 35 8.2% -3.30 [-5.59, -1.01] 2009 —

Kim 2011 8.1 3.8 63 9.6 53 127 9.2% -1.50[-2.82,-0.18] 2011 -

Eom 2012 126 155 100 14.3 16.7 348 6.6% -1.70 [-5.21, 1.81] 2012 —

Guan 2012 9.7 22 41 136 3.6 56 9.4% -3.90 [-5.06, -2.74] 2012 -

Siani 2012 105 1.5 25 145 3.1 25 9.2%  -4.00 [-5.35, -2.65] 2012 ——

Lee 2013 9.3 4.2 50 11.7 43 50 8.9% -2.40[-4.07,-0.73] 2013 —

Jeong 2013 11.8 11.8 122 10.8 7 122 8.0%  1.00[-1.43,3.43] 2013 —

Kim 2013 7 193 139 8 9 207 6.7% -1.00 [-4.43,2.43] 2013 —_—

Total (95%CI) 691 1095 100.0%  -3.55[-5.13, -1.96] <o

Heterogeneity: Tau2 = 6.66; y2 = 86.74, df = 12 (P < 0.00001); /2 = 86% ‘10 5 0 5 1‘0
Test for overall effect: Z = 4.38 (P < 0.0001) Favours LTG Favours OTG

D LTG oTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI
Usui 2005 2.1 1.3 20 3.4 44 19 22.6% -1.30[-3.36, 0.76] 2005 =
Sakuramoto 2009 6.8 6.4 30 11.8 11 44  151% -5.00 [-8.98, -1.02] 2009 -
Kawamura 2009 6.9 5.6 46 4 3.2 35  23.1% 2.90 [0.97, 4.83] 2009 B
Kim 2011 53 49 63 3.6 39 127 251% 1.70 [0.31, 3.09] 2011 -

Kim 2013 3 245 139 4 93 207 14.1% -1.00[-5.27, 3.27] 2013 -
Total (95%CI) 298 432 100.0% -0.09 [-2.39, 2.20] ? ‘

Heterogeneity: Tau? = 4.96; 42 = 18.98, df = 4 (P = 0.0008); 12 = 79%
Test for overall effect: Z = 0.08 (P = 0.94)

-10 -5
Favours LTG

0 5 10
Favours OTG

Figure 3 Forest plots illustrating results of postoperative recovery in the form of a meta-analysis comparing laparoscopic total gastrectomy vs open total
gastrectomy for gastric cancer. Pooled weighted mean difference (WMD) with 95%Cl was calculated using the random-effects model. A: Time to first flatus; B Time
to first oral intake; C: Hospital stay; D: Analgesic use. LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy.

loss, which depends considerably on a surgeon’s skill and
experience™,

The times to first flatus and to first oral intake were
significantly shorter in the LTG group compared with
the OTG group, which suggests that intestinal motility
recovered more quickly in the LTG group. Also, the pe-
riod of hospital stay was significantly shorter in the LTG
group. LTG is a less invasive procedure and is associ-
ated with less surgical trauma. This results in a reduced
inflammatory response and better glucose tolerance,
which may aid a quicker recovery!”™". Pain following
LTG subsides earlier when compared to OTG". How-
ever, our study showed no significant difference in the
postoperative use of analgesics between the two groups.
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A quicker recovery and shorter hospital stay have impoz-
tant cost and quality of life implications for the wider use
of LTG in the treatment of gastric cancer.

Total gastrectomy has often been described as high-
risk™* and LTG is technically demanding[g’]o]. Common
postoperative complications associated with LTG include
anastomotic leak, anastomotic stenosis and luminal bleed-
ingm. The anastomotic complications could be caused by
excessive traction applied on the esophagus and jejunal
limb mobilization" or may reflect the learning curve
associated with LTG"". In our study, the overall com-
plication rate was significantly lower in the LTG group
compared with the OTG group. Also, there were signifi-
cantly fewer wound-related complications in the LTG
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A LTG OTG Weight Odds ratio Odds Ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucq 2005 0 8 2 11 1.3% 0.22 [0.01, 5.34] 2005 ¢
Topal 2008 15 38 9 22 4.3% 0.94[0.32, 2.75] 2008 N
Mochiki 2008 5 20 3 18 1.5% 1.67 [0.34, 8.26] 2008 L
Kim 2008 2 27 8 33 4.1% 0.25[0.05, 1.30] 2008 -
Sakuramoto 2009 5 30 12 44 5.0% 0.53[0.17, 1.71] 2009 — 1
Kawamura 2009 4 46 8 35 5.1% 0.32[0.09, 1.17] 2009 e —
Du 2010 8 82 23 94  12.0% 0.33[0.14, 0.79] 2010 —
Kim 2011 8 63 24 127 8.6% 0.62 [0.26, 1.48] 2011 —
Guan 2012 2 41 3 56 1.5% 0.91 [0.14, 5.68] 2012 —_—
Siani 2012 4 25 5 25 2.6% 0.76 [0.18, 3.25] 2012 —_—
Eom 2012 27 100 82 348  16.5% 1.20 [0.72, 1.99] 2012 ——
Kim 2013 14 139 45 207  20.1% 0.40 [0.21, 0.77] 2013 —a—
Lee 2013 12 50 16 50 7.5% 0.67 [0.28, 1.62] 2013 —
Jeong 2013 29 122 21 122 9.9% 1.50 [0.80, 2.81] 2013 -
Total (95%CI) 791 1192 100.0% 0.73 [0.57, 0.92] ¢
Heterogeneity: 2 = 20.60, df = 13 (P = 0.08); /2 = 37%
Test for overall effect: Z = 2.62 (P = 0.009) . . . ,
0.01 0.1 1 10 100
Favours LTG Favours OTG
B LTG OTG  Weight Odds ratio Odds ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucq 2005 0 8 0 11 Not estimable 2005
Kim 2008 1 27 0 33 2.5% 3.79 [0.15, 96.92] 2008
Mochiki 2008 2 20 1 18 5.6% 1.89[0.16, 22.79] 2008 -
Topal 2008 2 38 0 22 3.5% 3.08 [0.14, 67.16] 2008
Sakuramoto 2009 0 30 3 44  16.7% 0.19 [0.01, 3.90] 2009 < bl
Kawamura 2009 0 46 0 35 Not estimable 2009
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 1 63 3 127 11.6% 0.67 [0.07, 6.54] 2011 -
Eom 2012 4 100 5 348 12.7% 2.86 [0.75, 10.85] 2012 T
Guan 2012 0 41 0 56 Not estimable 2012
Siani 2012 1 25 0 25 2.8% 3.12[0.12, 80.39] 2012
Lee 2013 3 50 2 50 11.2% 1.53 [0.24, 9.59] 2013 e
Kim 2013 0 139 3 207  16.7% 0.21 [0.01, 4.09] 2013 w
Jeong 2013 9 122 3 122 16.5% 3.16 [0.83, 11.97] 2013 R
Total (95%CI) 791 1192 100.0% 1.60 [0.88, 2.91] 2
Heterogeneity: y2 = 6.62, df = 9 (P = 0.68); 12 = 0%
Test for overall effect: Z = 1.54 (P = 0.12) : : : .
0.01 0.1 1 10 100
Favours LTG Favours OTG
C LTG OTG  Weight 0dds ratio QOdds ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucq 2005 0 8 0 11 Not estimable 2005
Kim 2008 0 27 0 33 Not estimable 2008
Mochiki 2008 1 20 1 18 5.1% 0.89 [0.05, 15.44] 2008
Sakuramoto 2009 2 30 1 44 3.9% 3.07 [0.27, 35.49] 2009 - -
Kawamura 2009 0 46 1 35 8.6% 0.25 [0.01, 6.26] 2009 \ -
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 0 63 0 127 Not estimable 2011
Eom 2012 9 100 26 348  54.4% 1.22 [0.55, 2.71] 2012 ——
Siani 2012 0 25 0 25 Not estimable 2012
Guan 2012 0 41 0 56 Not estimable 2012
Kim 2013 2 139 2 207 8.2% 1.50 [0.21, 10.75] 2013 -
Jeong 2013 2 122 2 122 10.1% 1.00 [0.14, 7.22] 2013 - 1
Lee 2013 3 50 2 50 9.7% 1.53 [0.24, 9.59] 2013 -
Total (95%CI) 753 1170 100.0% 1.22 [0.68, 2.21]
Heterogeneity: 2 = 1.67, df = 6 (P = 0.95); 12 = 0%
Test for overall effect: Z = 0.67 (P = 0.50) 0.01 01 1 10 100
Favours LTG Favours OTG
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D LTG OTG  Weight Odds ratio Odds ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucq 2005 0 8 0 11 Not estimable 2005
Kim 2008 1 27 0 33 2.4% 3.79 [0.15, 96.92] 2008
Mochiki 2008 1 20 0 18 2.7% 2.85[0.11, 74.38] 2008
Sakuramoto 2009 2 30 1 44 4.2% 3.07 [0.27, 35.49] 2009 -
Kawamura 2009 0 46 0 35 Not estimable 2009
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 0 63 1 127 5.5% 0.66 [0.03, 16.53] 2011
Eom 2012 8 100 31 348 70.1%  0.89 [0.40, 2.00] 2012 —
Guan 2012 0 41 0 56 Not estimable 2012
Siani 2012 0 25 0 25 Not estimable 2012
Kim 2013 3 139 1 207 4.3% 4.54 [0.47, 44.14] 2013 B
Lee 2013 1 50 1 50 5.4% 1.00 [0.06, 16.44] 2013
Jeong 2013 1 122 1 122 5.5% 1.00 [0.06, 16.17] 2013
Total (95%CI) 753 1170 100.0% 1.26 [0.69, 2.30]
Total events 17 36
Heterogeneity: y2 = 3.33,df = 7 (P = 0.85); 12 = 0% ! : : )
Test for overall effect: Z = 0.75 (P = 0.46) 0.01 0.1 1 10 100
Favours LTG Favours OTG
E LTG OTG  Weight Odds ratio Odds ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucqg 2005 0 8 0 11 Not estimable 2005
Kim 2008 1 27 0 33 3.3% 3.79[0.15, 96.92] 2008
Mochiki 2008 0 20 0 18 Not estimable 2008
Sakuramoto 2009 1 30 0 44 3.0% 4.53[0.18,114.89] 2009 >
Kawamura 2009 0 46 0 35 Not estimable 2009
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 1 63 5 127 25.3% 0.39 [0.04, 3.44] 2011 —_—
Guan 2012 0 41 0 56 Not estimable 2012
Siani 2012 0 25 0 25 Not estimable 2012
Eom 2012 0 100 6 348 22.5% 0.26 [0.01, 4.69] 2012 ]
Kim 2013 3 139 2 207  12.2% 2.26 [0.37, 13.71] 2013 —_—t
Jeong 2013 9 122 2 122 14.4% 4.78 [1.01, 22.60] 2013 .
Lee 2013 0 50 2 50 19.2% 0.19 [0.01, 4.10] 2013 < =
Total (95%CI) 753 1170 100.0% 1.42 [0.70, 2.87]
Total events 15 17 r
Heterogeneity: 2 = 7.75, df = 6 (P = 0.26); 12 = 23% ! . . :
Test for overall effect: Z = 0.98 (P = 0.33) 0.01 0.1 1 10 100
Favours LTG Favours OTG
F LTG OTG  Weight Odds ratio QOdds ratio
Study or subgroup  Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucq 2005 0 8 1 11 4.6% 0.41[0.01, 11.46] 2005
Kim 2008 0 27 0 33 Not estimable 2008
Mochiki 2008 0 20 0 18 Not estimable 2008
Sakuramoto 2009 0 30 2 44 7.5% 0.28 [0.01, 6.01] 2009 .
Kawamura 2009 0 46 0 35 Not estimable 2009
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 4 63 9 127 21.0% 0.89 [0.26, 3.01] 2011 —
Siani 2012 0 25 0 25 Not estimable 2012
Eom 2012 0 100 0 348 Not estimable 2012
Guan 2012 0 41 0 56 Not estimable 2012
Lee 2013 3 50 1 50 3.5% 3.13[0.31, 31.14] 2013 —
Jeong 2013 5 122 8 122 28.8% 0.61[0.19, 1.92] 2013 ——
Kim 2013 0 139 11 207 34.6% 0.06 [0.00, 1.05] 2013 —
Total (95%CI) 753 1170 100.0% 0.53 [0.28, 1.03] ‘
Total events 12 32
Heterogeneity: 2 = 5.43,df =5 (P = 0.37); I2 = 8% ! ! ! !
Test for overall effect: Z = 1.88 (P = 0.06) 001 01 1 10 100
Favours LTG Favours OTG
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G LTG OTG  Weight Odds ratio Odds ratio

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

Dulucq 2005 0 8 0 11 Not estimable 2005

Kim 2008 1 27 0 33 1.1% 3.79 [0.15, 96.92] 2008

Mochiki 2008 0 20 0 18 Not estimable 2008

Kawamura 2009 0 46 0 35 Not estimable 2009

Sakuramoto 2009 1 30 2 44 4.1%  0.72[0.06, 8.36] 2009 - T

Du 2010 7 82 11 94 24.5% 0.70[0.26, 1.91] 2010 L

Kim 2011 1 63 5 127 8.5%  0.39[0.04, 3.44] 2011 . E—

Siani 2012 0 25 2 25 6.4%  0.18 [0.01, 4.04] 2012 ¢ -

Eom 2012 0 100 4 348 5.2%  0.38[0.02, 7.13] 2012 .

Guan 2012 0 41 1 56 3.3% 0.45[0.02, 11.22] 2012

Lee 2013 1 50 5 50 12.8%  0.18[0.02, 1.63] 2013 S E—

Jeong 2013 0 122 3 122 9.1%  0.14[0.01, 2.73] 2013 \ .

Kim 2013 1 139 12 207 25.0%  0.12[0.02, 0.92] 2013 I

Total (95%CI) 753 1170 100.0%  0.39[0.21, 0.72] L 2

Total events 12 45

Heterogeneity: 2 = 5.95,df = 9 (P = 0.75); 12 = 0% ! ; ; y

Test fo? ovezlliffect: Z=13.03 (/5 = 0.002)) 0.01 0.1 1 10 100

Favours LTG Favours OTG

H LTG OTG Weight Odds ratio Odds ratio

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

Dulucq 2005 0 8 1 11 17.2% 0.41[0.01, 11.46] 2005 =

Topal 2008 1 38 1 22 17.4% 0.57 [0.03, 9.55] 2008 =

Mochiki 2008 0 20 0 18 Not estimable 2008

Kim 2008 0 27 0 33 Not estimable 2008

Sakuramoto 2009 0 30 0 44 Not estimable 2009

Kawamura 2009 0 46 0 35 Not estimable 2009

Du 2010 0 82 2 94 32.8% 0.22 [0.01, 4.74] 2010 L]

Kim 2011 0 63 0 127 Not estimable 2011

Guan 2012 0 41 0 56 Not estimable 2012

Eom 2012 1 100 3 348  18.7% 1.16 [0.12, 11.29] 2012 e

Siani 2012 0 25 0 25 Not estimable 2012

Kim 2013 0 139 0 207 Not estimable 2013

Lee 2013 0 50 0 50 Not estimable 2013

Jeong 2013 2 122 1 122 13.9% 2.02 [0.18, 22.54] 2013 e B —

Total (95%CI) 791 1192 100.0% 0.74 [0.24, 2.31]

Total events 4 8

Heterogeneity: y2 = 1.55, df = 4 (P = 0.82); I2 = 0% 0.61 0-‘1 1 1‘0 10‘0

Test for overall effect: Z = 0.52 (P = 0.61) Favours LTG Favours OTG

Figure 4 Forest plots illustrating results of postoperative complications in the form of a meta-analysis comparing laparoscopic total gastrectomy vs open
total gastrectomy for gastric cancer. Pooled odds ratio (OR) with 95%CI was calculated using the fixed-effects model. A: Overall complication rate; B: Anastomotic
leak; C: Anastomotic Stenosis; D: lleus; E: Bleeding; F: Abdominal abscess; G: Wound-related complications; H: Mortality. LTG: Laparoscopic total gastrectomy; OTG:
Open total gastrectomy.

A LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI  Year 1V, random, 95%CI
Usui 2005 28 15.1 20 289 143 19 4.8% -0.90 [-10.13, 8.33] 2005 .
Dulucg 2005 24 12 8 20 8 11 4.6%  4.00 [-5.57, 13.57] 2005 T
Mochiki 2008 26 3 20 35 4 18 10.2% -9.00 [-11.27, -6.73] 2008 -

Kim 2008 27.2 157 27 372 157 33 5.6% -10.00 [-17.99, -2.01] 2008 —
Kawamura 2009 48.5 16.3 46 47.1 125 35 6.9% 1.40[-4.87,7.67] 2009 T
Sakuramoto 2009  43.2 17.2 30 51.2 221 44 5.0% -8.00[-16.97, 0.97] 2009 -
Du 2010 342 13.5 82 36.4 19.1 94 8.1% -2.20[-7.04, 2.64] 2010 ™
Kim 2011 38.7 15.7 63 356 13.1 127 8.4% 3.10[-1.40,7.60] 2011 T
Siani 2012 35 18 25 40 16 25 4.7% -5.00 [-14.44, 4.44] 2012 I
Guan 2012 23.1 8 41 242 75 56 9.6% -1.10[-4.24,2.04] 2012 -
Eom 2012 48.3 164 100 49.8 18.4 348 9.1% -1.50[-5.25,2.25] 2012 -
Kim 2013 37 24 139 34 18.8 207 8.2% 3.00[-1.74,7.74] 2013 T
Jeong 2013 42 15 122 46 17 122 8.9% -4.00[-8.02,0.02] 2013 ™
Lee 2013 48.4 18.4 50 543 20.5 50 5.9% -5.90 [-13.54, 1.74] 2013 -
Total (95%CI) 773 1189 100.0% -2.49 [-5.18, 0.21]
Heterogeneity: Tau2 = 17.15; y2 = 50.76, df = 13 (P < 0.00001); /2 = 74% _2‘0 _1‘0 0 1‘0 ﬁO

Test for overall effect: Z = 1.81 (P =0.07) Favours LTG Favours OTG
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B LTG OTG Weight Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95%CI  Year M-H, fixed, 95%CI
Dulucq 2005 0 8 0 11 Not estimable 2005
Topal 2008 1 38 1 22 100.0% 0.57[0.03,9.55] 2008 .
Du 2010 0 82 0 94 Not estimable 2010
Guan 2012 0 41 0 56 Not estimable 2012
Kim 2013 0 139 0 207 Not estimable 2013
Total (95%CI) 308 390 100.0% 0.57 [0.03, 9.55]
Total events 1 1
Heterogeneity: Not applicable | \ \ )
Test for overall effect: Z = 0.39 (P = 0.69) 0.01 0.1 1 10 100
Favours LTG Favours OTG
C LTG oTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95%CI Year 1V, fixed, 95%CI
Du 2010 3 14 82 31 1.2 94  50.8% -0.10[-0.49,0.29] 2010 ——
Kim 2011 28 23 63 32 18 127 18.2% -0.40 [-1.05, 0.25] 2011 - =7
Eom 2012 44 24 100 48 2.7 348 25.4% -0.40[-0.95,0.15] 2012 — &
Kim 2013 2.3 4.2 139 3 6.8 207 5.7% -0.70 [-1.86, 0.46] 2013 -
Total (95%CI) 384 776  100.0% -0.26 [-0.54, 0.01] <
Heterogeneity: 2 = 1.63, df = 3 (P = 0.65); 12 = 0% . . . .
Test for overall effect: Z = 1.88 (P = 0.06) 105 005 1

Favours LTG Favours OTG

D LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95%CI Year 1V, fixed, 95%CI
Du 2010 31 18 82 29 06 94 78.9% 0.20[-0.21, 0.61] 2010
Kim 2011 134 49 63 132 48 127 6.1% 0.20[-1.27,1.67] 2011
Eom 2012 114 47 100 10.8 5 348 11.7% 0.60 [-0.46, 1.66] 2012
Kim 2013 13.5 109 139 112 6.2 207 3.3% 2.30[0.30,4.30] 2013
Total (95%CI) 384 776  100.0% 0.32 [-0.05, 0.68]
Heterogeneity: 2 = 4.39, df = 3 (P = 0.22); 12 = 32% | | | |
Test for overall effect: Z = 1.71 (P = 0.09) -100 -50 0 50 100
Favours LTG Favours OTG

Figure 5 Forest plots illustrating results of oncological outcomes in the form of a meta-analysis comparing laparoscopic total gastrectomy vs open total
gastrectomy for gastric cancer. Pooled weighted mean difference (WMD) or odds ratio (OR) with 95%CI were calculated using the fixed or random-effects model.
A: No. of resected lymph nodes; B: Positive resection margins; C: Proximal resection margin; D: Distal resection margin. LTG: Laparoscopic total gastrectomy; OTG:
Open total gastrectomy.

A LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI
Dulucq 2005 183 48 8 165 60 11 5.5% 18.00 [-30.62, 66.62] 2005 ]

Mochiki 2008 254 10 20 248 12 18 11.0% 6.00[-1.07, 13.07] 2008 ™

Topal 2008 187 60 38 152.5 25 22 9.3% 34.50[12.75, 56.25] 2008 —_
Sakuramoto 2009 313 81 30 218 53 44 7.6% 95.00 [62.06, 127.94] 2009 —
Kawamura 2009 2919 59.4 46 272.1 76.8 35 7.9% 19.80[-10.89, 50.49] 2009 T

Du 2010 275 78 82 212 51 94 9.6% 63.00 [43.22,82.78] 2010 —
Kim 2011 150.8 31.2 63 131.2 21.6 127 10.8% 19.60[11.03,28.17] 2011 -

Siani 2012 211 23 25 185 19 25 10.6% 26.00[14.31,37.69] 2012 -

Jeong 2013 289 89 122 203 78 122 9.4% 86.00 [65.00, 107.00] 2013 =
Lee 2013 258 54 50 198 57 50 9.3% 60.00 [38.24, 81.76] 2013 ——
Kim 2013 144 1043 139 137 105 207 9.2%  7.00[-15.48, 29.48] 2013 T

Total (95%CI) 623 755 100.0% 38.78 [22.81, 54.74] <&

Heterogeneity: Tau2 = 592.67; 2 = 105.91, df = 10 (P < 0.00001); /2 = 91% 1‘00 ‘50 0 5‘0 1‘00
Test for overall effect: Z = 4.76 (P < 0.00001) Favours LTG Favours OTG
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B LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Dulucq 2005 81 107 8 125 95 11 9.9% -44.00 [-137.00, 49.00] 2005 T
Mochiki 2008 229 50 20 758 78 18 10.3% -529.00 [-571.17, -486.83] 2008
Topal 2008 10 98.8 38 450 337.5 22 9.2%  -440.00 [-584.49, -295.51] 2008  &——
Kawamura 2009 549 453 46 304.3 237.3 35 10.0% -249.40 [-329.10, -169.70] 2009 —
Sakuramoto 2009 134 98 30 407 270 44 9.9% -273.00 [-360.15, -185.85] 2009 —
Du 2010 156 112 82 339 162 94 10.3% -183.00 [-223.74, -142.26] 2010 —
Kim 2011 179.7 123.8 63 272.7 209.6 127 10.2% -93.00 [-140.58, -45.42] 2011 —
Siani 2012 250 150 25 495 190 25 9.8%  -245.00 [-339.89, -150.11] 2012 ——
Lee 2013 167.3 135.2 50 178.4 107 50 10.2% -11.10 [-58.89, 36.69] 2013 —
Jeong 2013 249 204 122 209 157 122 10.2% 40.00 [-5.68, 85.68] 2013 —
Total (95%CI) 484 548 100.0% -200.47 [-330.87, -70.06] -l
Heterogeneity: Tau2 = 42687.18; y2 = 442.70, df = 9 (P < 0.00001); /2 = 98%
Test for overall effect: Z = 3.01 (P = 0.003) -200-100 0 100 200
Favours LTG Favours OTG
C LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Dulucq 2005 36 1.2 8 47 1.2 11 7.7% -1.10 [-2.19, -0.01] 2005
Kawamura 2009 4.1 1 46 43 1.3 35 11.2% -0.20 [-0.72, 0.32] 2009 =
Sakuramoto 2009 24 11 30 33 1 44  11.3% -0.90 [-1.39, -0.41] 2009 -
Du 2010 3.5 08 82 53 13 94  12.2% -1.80 [-2.11, -1.49] 2010 -
Kim 2011 33 0.7 63 3.8 0.8 63  12.4% -0.50 [-0.76, -0.24] 2011 -
Siani 2012 2.1 09 25 41 15 25  10.2% -2.00 [-2.69, -1.31] 2012 —
Lee 2013 4 1.2 50 4.5 1.5 50 11.1% -0.50 [-1.03, 0.03] 2013 —u—]
Jeong 2013 29 08 122 3 08 122 12.6% -0.10 [-0.30, 0.10] 2013 -
Kim 2013 3 2 139 4 23 207 11.5% -1.00 [-1.46, -0.54] 2013 —a
Total (95%CI) 565 651 100.0% -0.88 [-1.35, -0.40] <&
Heterogeneity: Tau2 = 0.46; y2 = 103.35, df = 8 (P < 0.00001); /2 = 92% . . . .
Test for overall effect: Z = 3.60 (P = 0.0003) -4 -2 0 2 4
Favours LTG Favours OTG
D LTG OTG Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Sakuramoto 2009 49 1.1 30 6 21 44 19.2% -1.10 [-1.83, -0.37] 2009 -
Du 2010 35 0.8 82 53 13 94 24.3% -1.80 [-2.11, -1.49] 2010 L]
Kim 2011 4.3 1.7 63 5.6 44 127 17.4% -1.30 [-2.17, -0.43] 2011 -
Jeong 2013 39 44 122 36 33 122 16.0% 0.30 [-0.68, 1.28] 2013 =
Kim 2013 3 123 139 5 10 207 5.3% -2.00 [-4.46, 0.46] 2013 e ——
Lee 2013 5 17 50 6.1 25 50 17.8% -1.10 [-1.94, -0.26] 2013 -
Total (95%CI) 486 644  100.0% -1.13 [-1.76, -0.49] s
Heterogeneity: Tau2 = 0.40; 2 = 18.90, df = 5 (P = 0.002); /2 = 74%
Test for overall effect: Z = 3.49 (P = 0.0005) 4 -2 02 4
Favours LTG Favours OTG
E LTG OTG Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI
Dulucg 2005 16.9 3 8 24 9 11 6.8% -7.10[-12.81,-1.39] 2005
Mochiki 2008 19 3 20 29 3 18  12.1% -10.00[-11.91,-8.09] 2008 —
Sakuramoto 2009 13.5 2.7 30 18.2 9.6 44  10.5% -4.70[-7.70,-1.70] 2009 —
Kawamura 2009 15.5 3.3 46  18.8 6.3 35 11.6% -3.30[-5.59,-1.01] 2009 —
Kim 2011 8.1 3.8 63 9.6 5.3 127  12.7% -1.50[-2.82,-0.18] 2011 —
Siani 2012 10.5 1.5 25 14,5 3.1 25 12.7% -4.00 [-5.35, -2.65] 2012 =
Lee 2013 9.3 4.2 50 11.7 4.3 50 12.4% -2.40[-4.07,-0.73] 2013 —
Jeong 2013 11.8 11.8 122 10.8 7 122 11.4%  1.00 [-1.43, 3.43] 2013 I
Kim 2013 7 193 139 8 9 207 9.9% -1.00 [-4.43, 2.43] 2013 —
Total (95%CI) 503 639 100.0% -3.55 [-5.65, -1.44] L
Heterogeneity: Tau? = 8.64; y2 = 72.78, df = 8 (P < 0.00001); /2 = 89% 10 5 0 5 10
Test for overall effect: Z = 3.30 (P = 0.0010) Favours LTG Favours OTG
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F LTG OTG Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD  Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Sakuramoto 2009 6.8 6.4 30 118 11 44 19.8% -5.00 [-8.98, -1.02] 2009 —

Kawamura 2009 6.9 5.6 46 4 3.2 35 29.6% 2.90[0.97,4.83] 2009 -

Kim 2011 53 49 63 3.6 39 127 32.0% 1.70 [0.31, 3.09] 2011 .

Kim 2013 3 245 139 4 9.3 207 18.6% -1.00 [-5.27, 3.27] 2013 —

Total (95%CI) 278 413 100.0% 0.23 [-2.45, 2.91]

Heterogeneity: Tau2 = 5.33; y2 = 13.66, df = 3 (P = 0.003); /2 = 78% ) ) ) )
Test for overall effect: Z = 0.17 (P = 0.87) -10 -5 0 5 10

Favours LTG Favours OTG

G LTG OTG  Weight Odds ratio 0Odds ratio

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

Dulucq 2005 0 8 2 11 1.6% 0.22 [0.01, 5.34] 2005 <

Topal 2008 15 38 9 22 5.5% 0.94[0.32,2.75] 2008 —

Mochiki 2008 5 20 3 18 1.9% 1.67[0.34,8.26] 2008 L

Sakuramoto 2009 5 30 12 44 6.4% 0.53[0.17,1.71] 2009 —

Kawamura 2009 4 46 8 35 6.6% 0.32[0.09,1.17] 2009 —

Du 2010 8 82 23 94 15.4% 0.33[0.14, 0.79] 2010 ——

Kim 2011 8 63 24 127 11.0% 0.62[0.26, 1.48] 2011 —

Siani 2012 4 25 5 25 3.3% 0.76[0.18,3.25] 2012 s e

Kim 2013 14 139 45 207 25.8% 0.40[0.21, 0.77] 2013 —m—

Lee 2013 12 50 16 50 9.7% 0.67[0.28, 1.62] 2013 —

Jeong 2013 29 122 21 122 12.7% 1.50[0.80, 2.81] 2013 i

Total (95%CI) 623 755 100.0% 0.65 [0.49, 0.86] 'Y

Total events 104 168

Heterogeneity: y2 = 14.72, df = 10 (P = 0.14); I? = 32% | | | |

Test for overall effect: Z = 3.05 (P = 0.002) 0.01 0.1 1 10 100

Favours LTG Favours OTG

H LTG oTG Mean difference Mean difference

Study or subgroup  Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI

Dulucq 2005 24 12 8 20 8 11 7.1% 4.00 [-5.57, 13.57] 2005 I

Mochiki 2008 26 3 20 35 4 18 13.3% -9.00 [-11.27,-6.73] 2008 -

Kawamura 2009 485 16.3 46 47.1 125 35 9.9% 1.40[-4.87,7.67] 2009 —

Sakuramoto 2009 432 17.2 30 512 221 44 7.6% -8.00[-16.97,0.97] 2009 —

Du 2010 342 135 82 364 19.1 94 11.2% -2.20[-7.04, 2.64] 2010 —=

Kim 2011 38.7 157 63 356 13.1 127 11.6% 3.10[-1.40,7.60] 2011 e

Siani 2012 35 18 25 40 16 25 7.2% -5.00 [-14.44, 4.44] 2012 —_—

Kim 2013 37 24 139 34 18.8 207 11.3% 3.00[-1.74,7.74] 2013 -

Jeong 2013 42 15 122 46 17 122 12.0% -4.00[-8.02, 0.02] 2013 ——

Lee 2013 484 184 50 543 205 50 8.7% -5.90 [-13.54, 1.74] 2013 —

Total (95%CI) 585 733 100.0% -2.28[-5.93, 1.37] ‘r

Heterogeneity: Tau2 = 24.69; y2 = 43.65, df = 9 (P < 0.00001); /2 = 79% . . . .

Test for overall effect: Z = 1.23 (P = 0.22) -20 -10 0 10 20

Favours LTG Favours OTG

I LTG OTG Mean difference Mean difference

Study or subgroup  Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI

Du 2010 3 1.4 82 3.1 1.2 94  68.0% -0.10[-0.49, 0.29] 2010 +

Kim 2011 2.8 2.3 63 3.2 1.8 127 24.4% -0.40 [-1.05, 0.25] 2011 T

Kim 2013 2.3 4.2 139 3 6.8 207 7.6% -0.70 [-1.86, 0.46] 2013 -

Total (95%CI) 284 428 100.0% -0.22 [-0.54, 0.10] -

Heterogeneity: y2 = 1.32, df = 2 (P = 0.52); I = 0% 1 05 0 0‘.5 1

Test for overall effect: Z = 1.34 (P = 0.18) Favours LTG  Favours OTG
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J LTG OTG Mean difference Mean difference
Study or subgroup  Mean SD Total Mean SD Total Weight IV, random, 95%CI Year 1V, random, 95%CI
Du 2010 3.1 1.8 82 2.9 0.6 94 56.1% 0.20[-0.21, 0.61] 2010 —i
Kim 2011 13.4 4.9 63 13.2 4.8 127 26.3% 0.20[-1.27,1.67] 2011 =
Kim 2013 13.5 10.9 139 11.2 6.2 207 17.6% 2.30[0.30, 4.30] 2013 —
Total (95%CI) 284 428 100.0% 0.57 [-0.42, 1.56] ’
Heterogeneity:Tau2 = 0.41; y2 = 4.08, df = 2 (P = 0.13); 12 = 51% : . : .
Test for overall effect: Z = 1.13 (P = 0.26) 105 0 05 1

Favours LTG Favours OTG

K LTG OTG  Weight Odds ratio QOdds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95%CI Year M-H, fixed, 95%CI
Dulucqg 2005 0 8 0 11 Not estimable 2005
Topal 2008 1 38 1 22 100.0% 0.57[0.03,9.55] 2008 B
Du 2010 0 82 0 94 Not estimable 2010
Kim 2013 0 139 0 207 Not estimable 2013
Total (95%CI) 267 334 100.0% 0.57[0.03, 9.55] ‘_
Total events 1 1
Heterogeneity: Not applicable

Test for overall effect: Z = 0.39 (P =0.69) 0.01 0‘1 1 16 100

Favours LTG Favours OTG
L LTG OTG  Weight 0Odds ratio Odds ratio

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

Dulucq 2005 0 8 0 11 Not estimable 2005

Mochiki 2008 2 20 1 18 6.7%  1.89[0.16, 22.79] 2008 ]

Topal 2008 2 38 0 22 4.1% 3.08 [0.14, 67.16] 2008 -

Sakuramoto 2009 0 30 3 44 19.7% 0.19[0.01, 3.90] 2009 ¢ =

Kawamura 2009 0 46 0 35 Not estimable 2009

Du 2010 0 82 0 94 Not estimable 2010

Kim 2011 1 63 3 127 13.8% 0.67[0.07, 6.54] 2011 L R

Siani 2012 1 25 0 25 3.3% 3.12[0.12,80.39] 2012

Lee 2013 3 50 2 50 13.2%  1.53[0.24, 9.59] 2013 L —

Kim 2013 0 139 3 207 19.7%  0.21[0.01, 4.09] 2013 =

Jeong 2013 9 122 3 122 19.5%  3.16[0.83,11.97] 2013 R

Total (95%CI) 623 755 100.0%  1.35[0.68, 2.66]

Total events 18 15

Heterogeneity: y2 = 5.67, df = 7 (P =0.58); 12 = 0% 0.01 o1 1 0 100

Test for overall effect: Z = 0.85 (P =0.39) Favours LTG Favours OTG

M LTG OTG Weight Odds ratio Odds ratio

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

Dulucqg 2005 0 8 0 11 Not estimable 2005

Mochiki 2008 1 20 1 18 11.3% 0.89[0.05, 15.44] 2008

Kawamura 2009 0 46 1 35 19.0% 0.25[0.01, 6.26] 2009 - -

Sakuramoto 2009 2 30 1 44 8.5% 3.07[0.27, 35.49] 2009 < =

Du 2010 0 82 0 94 Not estimable 2010

Kim 2011 0 63 0 127 Not estimable 2011

Siani 2012 0 25 0 25 Not estimable 2012

Kim 2013 2 139 2 207 17.9% 1.50[0.21, 10.75] 2013 —_—

Jeong 2013 2 122 2 122 22.2% 1.00[0.14,7.22] 2013 e S

Lee 2013 3 50 2 50 21.2% 1.53[0.24,9.59] 2013 —_—t

Total (95%CI) 585 733 100.0% 1.22[0.51, 2.96] ?

Total events 10 9

Heterogeneity: 2 = 1.67,df = 5 (P = 0.89); 12 = 0% . . . )

Test for overall effect: Z = 0.45 (P = 0.65) 0.01 0.1 1 10 100
Favours LTG Favours OTG
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N LTG OTG  Weight Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95%CI  Year M-H, fixed, 95%CI
Dulucq 2005 0 8 0 11 Not estimable 2005
Mochiki 2008 1 20 0 18 9.8% 2.85[0.11,74.38] 2008 "
Sakuramoto 2009 2 30 1 44 15.2% 3.07 [0.27,35.49] 2009 - =
Kawamura 2009 0 46 0 35 Not estimable 2009
Du 2010 0 82 0 94 Not estimable 2010
Kim 2011 0 63 1 127 19.9% 0.66 [0.03, 16.53] 2011 =
Siani 2012 0 25 0 25 Not estimable 2012
Kim 2013 3 139 1 207 15.7% 4.54 [0.47, 44.14] 2013 - =
Lee 2013 1 50 1 50 19.6% 1.00 [0.06, 16.44] 2013
Jeong 2013 1 122 1 122 19.9% 1.00[0.06, 16.17] 2013
Total (95%CI) 585 733 100.0% 1.9 [0.69, 5.68] o
Total events 8 5

Het ity: 72 = 1.59, df = 5 (P = 0.90); I2 = 0% : : : :
eterogeneity: ( ) ° 001 01 1 10 100

Test for overall effect: Z = 1.28 (P = 0.20) Favours LTG Favours OTG
(0] LTG OTG  Weight Odds ratio 0dds ratio

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

Dulucq 2005 0 8 0 11 Not estimable 2005

Mochiki 2008 0 20 0 18 Not estimable 2008

Sakuramoto 2009 1 30 0 44 4.1% 4.53[0.18, 114.89] 2009 4

Kawamura 2009 0 46 0 35 Not estimable 2009

Du 2010 0 82 0 94 Not estimable 2010

Kim 2011 1 63 5 127 34.2%  0.39[0.04, 3.44] 2011 —

Siani 2012 0 25 0 25 Not estimable 2012

Kim 2013 3 139 2 207 16.5%  2.26 [0.37, 13.71] 2013 — |

Jeong 2013 9 122 2 122 19.4% 4.78 [1.01, 22.60] 2013 e

Lee 2013 0 50 2 50 25.9%  0.19[0.01, 4.10] 2013 ¢ -

Total (95%CI) 585 733 100.0% 1.67 [0.76, 3.67] ‘

Total events 14 11

Heterogeneity: 2 = 5.86, df = 4 (P = 0.21); 12 = 32% ) ) ) )

Test for overall effect: Z = 1.27 (P = 0.20) 0.01 0.1 1 10 100
Favours LTG Favours OTG

P LTG OTG  Weight Odds ratio Odds ratio

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

Dulucq 2005 0 8 1 11 4.6% 0.41[0.01, 11.46] 2005

Mochiki 2008 0 20 0 18 Not estimable 2008

Sakuramoto 2009 0 30 2 44 7.5% 0.28 [0.01, 6.01] 2009

Kawamura 2009 0 46 0 35 Not estimable 2009 "

Du 2010 0 82 0 94 Not estimable 2010

Kim 2011 4 63 9 127 21.0%  0.89 [0.26, 3.01] 2011

Siani 2012 0 25 0 25 Not estimable 2012 -t

Lee 2013 3 50 1 50 3.5% 3.13[0.31,31.14] 2013

Jeong 2013 5 122 8 122 28.8%  0.61[0.19, 1.92] 2013 A

Kim 2013 0 139 11 207 34.6%  0.06 [0.00, 1.05] 2013 -

—a—

Total (95%CI) 585 733 100.0%  0.53[0.28, 1.03]

Total events 12 32 ‘

Heterogeneity: 2 = 5.43,df =5 (P = 0.37); I2 = 8%

Test for overall effect: Z = 1.88 (P = 0.06) 0.01 o1 1 10 100
Favours LTG Favours OTG
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Q LTG OTG  Weight Odds ratio Odds ratio

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

Dulucq 2005 0 8 0 11 Not estimable 2005

Mochiki 2008 0 20 0 18 Not estimable 2008

Kawamura 2009 0 46 0 35 Not estimable 2009

Sakuramoto 2009 1 30 2 44 4.5% 0.72[0.06, 8.36] 2009 ]

Du 2010 7 82 11 94 27.1% 0.70[0.26, 1.91] 2010 L

Kim 2011 1 63 5 127 9.4% 0.39[0.04, 3.44] 2011 - 1

Siani 2012 0 25 2 25 7.1% 0.18[0.01, 4.04] 2012 \ -

Lee 2013 1 50 5 50 14.2% 0.18 [0.02, 1.63] 2013 . ——

Jeong 2013 0 122 3 122 10.1% 0.14[0.01, 2.73] 2013 < =

Kim 2013 1 139 12 207  27.7% 0.12[0.02,0.92] 2013 —

Total (95%CI) 585 733 100.0% 0.35[0.18, 0.67] <o

Total events 11 40

Heterogeneity: y2 = 4.21, df = 6 (P = 0.65); /2 = 0%

Test for overall effect: Z = 3.12 (P = 0.002) 0.01 0.1 1 10 100

Favours LTG Favours OTG

R LTG OTG  Weight 0Odds ratio 0dds ratio

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

Dulucq 2005 0 8 1 11 21.1% 0.41[0.01, 11.46] 2005 =

Topal 2008 1 38 1 22 21.5% 0.57 [0.03,9.55] 2008 "

Mochiki 2008 0 20 0 18 Not estimable 2008

Sakuramoto 2009 0 30 0 44 Not estimable 2009

Kawamura 2009 0 46 0 35 Not estimable 2009

Du 2010 0 82 2 94  40.3% 0.22[0.01,4.74] 2010 B

Kim 2011 0 63 0 127 Not estimable 2011

Siani 2012 0 25 0 25 Not estimable 2012

Kim 2013 0 139 0 207 Not estimable 2013

Lee 2013 0 50 0 50 Not estimable 2013

Jeong 2013 2 122 1 122 17.1% 2.02 [0.18, 22.54] 2013 -

Total (95%CI) 623 755 100.0% 0.64 [0.18, 2.37]

Total events 3 5

Heterogeneity: 2 = 1.40, df = 3 (P =0.71); I2 = 0%

Test for overall effect: Z = 0.66 (P =0.51) 0.01 0.1 1 10 100

Favours LTG Favours OTG

Figure 6 Forest plots illustrating results of all outcomes in the form of a meta-analysis comparing laparoscopic total gastrectomy vs open total gastrec-
tomy for gastric cancer. Pooled weighted mean difference (WMD) or odds ratio (OR) with 95%Cl were calculated using the fixed or random-effects model. A: Opera-
tion time; B: Intraoperative blood loss; C: Time to first flatus; D: Time to first oral intake; E: Hospital stay; F: Analgesics use; G: Postoperative complications; H: No. of
resected lymph nodes; I: Proximal resection margin; J: Distal resection margin; K: Positive resection margins; L: Anastomotic leakage; M: Anastomotic Stenosis; N:
lleus; O: Bleeding; P: Abdominal abscess; Q: Wound-related complications; R: Mortality. LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy.

group. However, there were no significant differences in
rate of anastomotic leak, anastomotic stenosis, bleeding,
abdominal abscess and postoperative mortality in the two
groups. These results indicate that LTG is a safe proce-
dure.

While lymph node metastasis is associated with a poor
prognosis in gastric cancer, the extent of lymph node dis-
section required is open to debate. Many surgeons believe
that D1+q, or B dissection is adequate for eatly gastric
cancer, and D2 dissection is optimal for advanced gastric
cancer, although this remains controversial ™. Surgical
removal of at least 15 lymph nodes is advocated in gastric
cancer'™. The mean number of harvested lymph nodes
in all included studies was more than 15. The surgical ap-
proach did not appear to influence the lymph node yield;
however, LT'G with extended lymph node dissection may
require further refinement of the operative technique
and improved instrumentation, and should be performed
with caution by surgeons with adequate experience in
laparoscopic gastrectornyp()]. Another major concern of
laparoscopic resection for gastric cancer is obtaining clear
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proximal esophageal and distal duodenal marginsm. Five
included studies reported tumor margins, but only one
study reported positive resection margins in one patient
each in LTG and OTG, respectively; there was no statisti-
cally significant difference between the two groups. Our
analyses also showed that there was no significant differ-
ence in the lengths of the proximal and distal resection
margins between the two groups. Seven studies reported
data on long-term survival following the two procedures.
However, as the duration of follow-up varied between
studies, it was difficult to compare them.

Our study has some limitations. Firstly, all the studies
included wete non-randomized, because of a lack of ran-
domized controlled trials. Secondly, there was significant
heterogeneity in the studies with respect to the extent of
lymph node dissection, tumor staging and surgical anas-
tomosis techniques. Also, there were differences in the
number of patients in the two groups and between stud-
ies.

In conclusion, compared with OTG, LTG with re-
gional lymph node dissection for early and advanced gas-
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Figure 7 Funnel plot of operation time of all included studies.

tric cancer is safe and effective; with comparable short-
term oncological outcomes; lower intraoperative blood
loss and overall complication rates; fewer wound-related
complications; quicker recovery of gastrointestinal mo-
tility and a shorter hospital stay, albeit with a longer op-
erating time. However, there is a need to develop well-
designed, adequately powered, prospective, multicenter,
randomized controlled trials, investigating LTG with
adequate long-term follow-up, before recommending its
wider use in surgical practice.

COMMENTS

Background

Since laparoscopic total gastrectomy (LTG) was first reported in 1999, it has
been used increasingly to treat gastric cancer as result of technical advances
and improved instrumentation. However, compared with conventional open total
gastrectomy (OTG), the safety and efficacy of LTG is not known.

Research frontiers

To conduct a meta-analysis comparing the safety and effectiveness of LTG with
OTG in patients with gastric cancer; the available perioperative and oncological
outcomes were included in this study.

Innovations and breakthroughs

Based on this meta-analysis, when compared with OTG, LTG for early and
advanced gastric cancer is safe and effective; with comparable short-term
oncological outcomes; lower intraoperative blood loss and overall complication
rates; fewer wound-related complications; quicker recovery of gastrointestinal
motility and a shorter hospital stay, albeit with a longer operating time.

Applications

LTG is safe, effective and offers some advantages over OTG in the treatment
of early and advanced gastric cancer. However, well-designed prospective mul-
ticenter, randomized controlled trials investigating the advantage of LTG with
adequate long-term follow-up need to be performed before recommending its
wider use in surgical practice.

Peer review

In the future, LTG will be rapidly developed in the field of abdominal minimally
invasive surgery. This is a well-written study that clarifies some advantages of
LTG in the treatment of patients with early and advanced gastric cancer. This
study may be interesting for gastrointestinal surgeons worldwide.
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