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Abstract

Background: Pylorus-preserving gastrectomy (PPG) is a function-preserving surgery for the treatment of early gastric
cancer (EGC) in the middle third of the stomach. According to the literature reports, PPG decreases the incidence of
dumping syndrome, bile reflux, gallstone formation, and nutritional deficit compared with conventional distal gas-
trectomy (CDG). However, the debates about PPG have been dominated by the incomplete lymphadenectomy and
oncological safety. We carried out a systematic review and meta-analysis to evaluate the pathological and oncological
outcomes of PPG.

Methods: The protocol was registered in PROSPERO under number CRD42022304677. Databases including PubMed,
Embase, Web of Science, and the Cochrane Register of Controlled Trials were searched before February 21, 2022. The
outcomes included the pooled odds ratios (ORs) for dichotomous variables and weighted mean differences (WMDs)
for continuous variables. For all outcomes, 95% confidence intervals (Cls) were calculated. Meta-analysis was per-
formed using STATA software (Stata 14, Stata Corporation, Texas) and Review Manager 5.4.

Results: A total of 4500 patients from 16 studies were included. Compared with the CDG group, the PPG group

had fewer lymph nodes harvested (WMD= —3.09; 95% Cl —4.75 to —1.43; P < 0.001). Differences in the number of
resected lymph nodes were observed at stations No. 5, No. 6, No. 9, and No. 11p. There were no differences in lymph
node metastasis at each station. Shorter proximal resection margins (WMD = —0.554; 95% Cl —0.999 to —0.108; P =
0.015) and distal resection margins (WMD = —1.569; 95% Cl —3.132 to —0.007; P = 0.049) were observed in the PPG
group. There were no significant differences in pathological T1a stage (OR = 0.99; 95% C1 0.80 to 1.23; P =0.88), T1b
stage (OR=1.01,95% Cl 0.81 to 1.26; P = 0.88), NO stage (OR = 0.97; 95% Cl 0.63 to 1.48; P = 0.88), tumor size (WMD
= —0.10; 95% Cl —0.25 to 0.05; P = 0.187), differentiated carcinoma (OR = 1.04; 95% Cl 0.74 to 1.47; P = 0.812) or sig-
net ring cell carcinoma (OR = 1.22; 95% C1 0.90 to 1.64; P = 0.198). No significant differences were observed between
the groups in terms of overall survival (HR = 0.63; 95% Cl 0.24 to 1.67; P = 0.852) or recurrence-free survival (HR =
0.29;95% C1 0.03 to 2.67; P = 0.900).
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Conclusions: The meta-analysis of existing evidence demonstrated that the survival outcomes of PPG may be com-
parable to those of CDG. However, fewer lymph nodes at stations in No. 5, No. 6, No. 9, and No. 11p were harvested
with PPG. We also found shorter proximal resection margins and distal resection margins for PPG, meaning more

remnant stomachs would be preserved in PPG.
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Gastric cancer is the fifth most common cancer and
the fourth leading cause of cancer mortality worldwide
[1]. Early gastric cancer (EGC) is defined as gastric car-
cinoma confined to the mucosa and submucosa of the
stomach, with or without regional lymph node metastasis
(LNM) [2]. Due to the popularization of health screening
programs, the proportion of EGC cases has been increas-
ing [3, 4]. The treatment decision for EGC is complicated,
diversified, and controversial. Endoscopic resection
is established as first-line management for most EGC
patients. However, gastrectomy with lymph node (LN)
dissection remains the cornerstone of EGC management
when risk factors are present, including LNM, lympho-
vascular invasion, submucosal invasion, poor differentia-
tion, ulceration, and large tumor size [5-7].

Conventional distal gastrectomy (CDG) with lym-
phadenectomy substantially changes the anatomy of the
normal stomach and causes functional and nutritional
problems collectively known as “postgastrectomy syn-
dromes” [8].

Pylorus-preserving gastrectomy (PPG) is a function-
preserving gastrectomy for EGC located in the middle
portion of the stomach, with a distance between the dis-
tal tumor border and the pylorus of 4 cm or greater [9].
The PPG technique reduces the extent of gastrectomy
and retains the pyloric ring and the hepatic and pyloric
branches of the vagal nerve [10, 11]. Therefore, PPG
decreases the incidence of postgastrectomy syndromes,
including dumping syndrome, bile reflux gastroesophagi-
tis, gallstone formation, and nutritional deficits, com-
pared with CDG [12-16].

Although PPG has superiority over CDG in terms of
functional outcomes, PPG for EGC in the middle third of
the stomach is weakly recommended [9]. In recent dec-
ades, the debates about PPG have been dominated by
incomplete lymphadenectomy and oncological safety [17,
18]. The LN, especially No. 5 and No. 6, could be incom-
pletely dissected to save the nerve and artery [19-21]. A
previous study suggested that PPG may be safe because
the incidence of LNM in No. 5 and No. 6 was very low,
0-0.9% for No. 5 and 0—1.8% for No. 6 [19]. However, Wu
et al. found that No. 3, 4, 5, and 6 LNs had the highest
rates of metastasis for middle-third tumors. The inci-
dence of LNM in No. 5 was as high as 3.05% [22]. The
limited dissection of some regional LNs could increase

the likelihood of recurrence [17, 19]. In addition, EGCs
limited to the mucosa have a 2 to 5% incidence of LNM
which increases to 10 to 25% when the disease invades
the submucosa [23, 24]. For these reasons, the tumor
invasion depth (pathological T stage) and proportion of
positive LNs (pathological N stage) must be reappraised
after surgery.

Our primary objective was to elucidate the number of
LNs harvested and the precise distribution of LNM to
each LN station. In addition, we aimed to elucidate the
oncological safety of PPG. Our second objective was to
evaluate the resection margin and pathological stages,
tumor size, and histology of PPG in comparison with
those of CDG.

Materials and methods

Protocol and registration

This systematic literature review and meta-analysis
were reported in agreement with the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [25]. No ethical approval or patient
consent was required because all analyses were based on
previously published studies. The protocol was registered
in PROSPERO under number CRD42022304677 (avail-
able from https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42022304677) (Additional file 1).

Data sources and searches

A literature search of PubMed, Embase, and the
Cochrane Register of clinical trials was carried out up
until February 21, 2022, without language restrictions.
Medical Subject Headings (MeSH) and free-text words
were used, and the search items were as follows: pylorus
preserving gastrectomy, gastric cancer, etc. Additionally,
the reference lists of all of the articles included in the
final analysis, as well as previous reviews, were searched
to ensure the identification of all relevant studies. Details
of the literature search are shown in Additional file 2.

Selection and exclusion criteria
We evaluated the identified studies against the following
predetermined inclusion criteria:
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(1) Population: patients with a pathological diagnosis
of primary EGC who were treated by gastrectomy
with lymph node dissection.

(2) Intervention: PPG was performed.

(3) Comparator: CDG was performed.

(4) Outcomes: pathological outcomes, including the
total number of LNs harvested, the number of LNs
harvested at each station, the incidence of LNM at
each station, length of the distal resection margin
(DRM), the length of the proximal resection mar-
gin (PRM), pathological T stage (pT), pathological
N stage (pN), tumor size, and histology; oncological
outcomes: overall survival (OS) and recurrence-free
survival (RES).

The exclusion criteria were as follows:

(1) The cancer of the enrolled patients was not at an
early stage or the patient had other malignant
tumors.

(2) Single-arm study of PPG.

(3) Patients in the control group were treated with
endoscopic resection, local resection, or total gas-
trectomy.

(4) Review articles, case reports, letters to the editor,
meeting abstracts, and comments.

(5) Original studies lacking available data.

Study selection and data extraction

Endnote X9 software was used to remove duplicates.
After two reviewers independently screened the titles
and abstracts of the initially identified literature, eligible
trials were identified. A third reviewer was consulted to
resolve any disagreements between the two screening
authors.

The following data were extracted from each included
study: study characteristics: (1) titles, (2) duration of the
study, (3) countries, (4) study design, (5) sample size, (6)
interventions, etc.; patient characteristics, including age
and sex; pathological outcomes: (1) harvested lymph
node and LNM at each station, (2) DRM (cm), (3) PRM
(cm), (4) pathological T stage, (5) pathological N stage,
(6) tumor size, (7) differentiated tumor, and (8) signet
ring cell carcinoma; oncological outcomes: (1) OS and (2)
RFS.

Quality assessment

The methodological qualities of retrospective cohort
studies (RCSs) were evaluated using the Newcastle—
Ottawa Quality Assessment Scale (NOS) for the ade-
quacy of selection, the comparability of the groups, and
the adequacy of outcome assessment [26]. The quality
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of the randomized controlled trials (RCTs) was assessed
using the Cochrane Collaboration’s risk of bias assess-
ment tool (Review Manager 5.4) [27] (details in Addi-
tional file 3).

Statistical analysis

The statistical analysis was performed, and forest plots
were generated via STATA software (Stata 14, Stata Cor-
poration). The pooled odds ratios (ORs) were calculated
along with 95% confidence intervals (Cls) for dichoto-
mous outcomes, and weighted mean differences (WMDs)
were calculated for continuous outcomes. If studies pro-
vided the median for continuous variables, the mean and
standard deviation (SD) were not given. We transformed
the data to means and SDs according to the method pro-
posed by Hozo et al. [28]. For survival outcomes, HR val-
ues and Cls were extracted directly if they were provided
in the literature. If not, the data of the survival curve was
extracted through the Engauge digitizer. Then, the pooled
HR was calculated according to the Excel program file
provided by Tierney et al. [29].

Statistical heterogeneity among studies was assessed by
the I? statistic. If I < 50%, we used a fixed-effects model,
while if > 50%, we chose the random-effects model
[30]. An approximation of the guidelines for the interpre-
tations of I* from the Cochrane Collaboration Handbook
regards 0-40% as negligible heterogeneity, 30—-60% as
moderate heterogeneity, 50-90% as substantial hetero-
geneity, and 75—-100% as considerable heterogeneity [31].
Subgroup analyses were conducted to investigate the
influence on the overall results and discover the source
of heterogeneity. Moreover, funnel plots and Egger’s
test were generated to assess the publication bias of the
included studies [32].

Results

Our initial search strategies yielded 438 studies, of which
220 were excluded after the abstract and method were
screened. After a detailed, full-text read of 218 articles,
16 studies [14, 17, 19, 33—45] and 4500 patients were ulti-
mately eligible for inclusion in the meta-analysis. Figure 1
shows a PRISMA diagram of the search flow in detail.
The key characteristics of the included studies are listed
in Table 1.

Lymph nodes harvested and metastasis

The number of LNs harvested was reported in 10 studies
[14, 37-45]. The pooled result was significantly different
between the two operative approaches (WMD = —3.09;
95% CI —4.75 to —1.43; P < 0.001). However, the hetero-
geneity was substantial ( = 71.0%, Pheterogeneity < 0-001).
We performed subgroup analysis according to three
countries: China, Korea, and Japan. The pooled results
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Fig. 1 PRISMA flow chart of studies selection

revealed that obvious heterogeneity in Chinese stud-
ies (I* = 82.6%, Pheterogeneity =0-001) but not in Japanese
studies (I* = 0%, Pheterogeneity = 0-425) or Korean studies
(P = 17.8%, Pheterogencity = 0.296) (Fig. 2). Similarly, we
performed subgroup analysis according to the publica-
tion years. The heterogeneity was mainly from literatures
before 2017 (I* = 79.6%, Preterogencity = 0-027) (Fig. 3).

The number of LNs harvested at station No. 5 was sig-
nificantly lower for PPG than for CDG (WMD = —0.60;
95% CI —0.77 to —0.43; P < 0.001). The quality of the
pooled result was low because of the significantly unex-
plained heterogeneity among the included studies (P =
94%, Preerogeneity < 0-001). The number of No. 6 LNs har-
vested was reported in five studies [14, 17, 19, 43, 45] and
was lower for PPG than CDG (WMD = —0.52; 95% CI
—0.99 to —0.04; P = 0.03). The number of LNs harvested
at stations No. 9 and No.11p in the PPG group was also
less than the number harvested in the CDG group, with
low heterogeneity (Table 2).

The pooled results of LNM at each station were also
compared between two different surgical procedures and
no significant difference was observed (Table 3).

Proximal resection margin (PRM) and distal resection
margin (DRM)

Six studies [36, 40, 42—45] reported the PRM using a ran-
domized model. Compared with PPG, CDG achieved a
greater PRM (WMD = —0.55; 95% CI —1.00 to —0.11;
P = 0.015), but with high heterogeneity among the
included studies (I* = 85.1%, Pyeerogencity < 0-001).

Seven studies [36, 38, 40, 42—45] reported the DRM.
According to the analysis, CDG had a greater DRM
than PPG (WMD = —1.57; 95% CI —3.13 to —0.01; P =
0.049). However, the heterogeneity was high (* = 97.6%,
< 0.001) (Fig. 4).

P heterogeneity

T stage and N stage

Eight studies [14, 17, 37, 38, 42—45] reported detailed
pathological T stage, and the pooled results revealed no
difference in pT'la and pT1b. Nine studies [14, 17, 3639,
41, 43, 45] reported pathological N stage. There was no
difference in the proportion of pNO stage between PPG
and CDG (OR =0.97; 95% CI 0.63 to 1.48; P = 0.88)
(Fig. 5).
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Fig. 2 Subgroup analysis of LNs harvested according to countries

o

12.2

Tumor size and histology

No significant differences were observed between the
groups in terms of tumor size (WMD = —0.10; 95% CI
—0.25 to 0.05; P = 0.187), differentiated carcinoma (OR
= 1.04; 95% CI 0.74 to 1.47; P = 0.812) or signet ring
cell carcinoma (OR = 1.22; 95% CI 0.90 to 1.64; P =
0.198) (Additional file 4).

OS and RFS

For survival outcomes, none of the included literature
reported the HRs or CIs of OS or RFS directly. Three
publications provided survival curves of OS [35, 38,
39], and three studies reported survival curves of RFS
[36, 39, 43]. The pooled results showed that there was
no significant difference in OS (HR = 0.63; 95% CI 0.24
to 1.67; P = 0.852) or RFS (HR = 0.29; 95% CI 0.03 to
2.67; P = 0.900) between the two groups (Fig. 6).

Publication bias

Funnel plots were generated to assess the publication bias
of the included studies, and the results showed that no
publication bias was found (Additional file 5).

Discussion

In PPG, D1 lymphadenectomy includes stations No. 1,
No. 3, No. 4sb, No. 4d, No. 6, and No. 7. Stations No. 8a
and No. 9 are additionally included for D1+ lymphad-
enectomy. D2 lymphadenectomy was defined as D1+
resection combined with No. 11p and No. 12a resections
[9]. Our meta-analysis showed that compared to CDG,
PPG harvested fewer lymph nodes. Differences in the
number of resected LNs were observed at stations No.
5, No. 6, No. 9, and No. 11p. The possible reasons were
as follows. At station No. 5, the root of the right gastric
artery and vein and the supra-pyloric lymph nodes were
routinely left intact for PPG [46]. For PPG, station No. 6
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Fig. 3 Subgroup analysis of LNs harvested according to publication years
Table 2 Pooled results of LNs harvested at each station
Outcomes  No. of studies No. of Statistical method Effect size P Heterogeneity
participants [
? P
Station 1 2 [43,45] 459 Mean difference (IV, fixed, 95% Cl) —0.25[—0.95, 0.44] 047 0% 0.40
Station 3 3[19, 43, 45] 1903 Mean difference (IV, random, 95% Cl) —0.33[—1.03,0.36] 0.40 55% 0.11
Station 4sb 2[43,45] 459 Mean difference (IV, fixed, 95% Cl) 0.23[—0.23,0.70] 032 0% 0.69
Station 4d 4[14,19,43,45] 1967 Mean difference (IV, fixed, 95% Cl) —041[—1.07,0.24] 0.22 0% 0.73
Station 5 4[17,19,43,45] 2000 Mean difference (IV, random, 95% Cl)  —0.60[—0.77, —043]  <0.01 94% <0.001
Station 6 5[14,17,19,43,45] 3127 Mean difference (IV, random, 95% Cl) —0.52 [—0.99, —0.04] 0.03 0% 0.90
Station 7 2 [43, 45] 459 Mean difference (IV, fixed, 95% Cl) —0.57[—1.30,0.15] 0.12 0% 034
Station 8a 2[43,45] 459 Mean difference (IV, fixed, 95% Cl) —0.07 [-0.64, 0.49] 0.80 0% 061
Station 9 2 [43,45] 459 Mean difference (IV, fixed, 95% Cl) —0.66 [—1.15, —0.16] <0.01 0% 0.84
Station 11p 2 [43,45] 459 Mean difference (IV, fixed, 95% Cl) —0.76 [-1.21,-031]  <0.01 0% 0.83

was included in the lymphadenectomy, but for the pur-
pose of protecting the infra-pyloric artery (IPA) in PPG;
the range of dissection at No. 6 may be not as sufficient
as that in CDG. The IPA diverges independently with the
right gastroepiploic artery in 76.9 % of patients and is

closely associated with a certain number of LNs, namely
No. 6i [47]. The right gastroepiploic vessels were tran-
sected after the bifurcation of the infra-pyloric vessels, so
lymph node dissection at No. 6i was achieved with some
limitations [48]. The insufficient number of lymph nodes
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Table 3 Pooled results of LNM at each station
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Outcomes No. of studies No. of Statistical method Effect size P Heterogeneity
participants - - -
P P
Station 1 2 [36,43] 491 Odds ratio (M-H, fixed, 95% Cl) 1.32[0.33,5.35] 0.70 0% 0.40
Station 3 2 [36,43] 492 Odds ratio (M-H, fixed, 95% Cl) 0.9810.38,2.51] 0.96 0% 1.00
Station 4sb 2 [36, 43] 491 Odds ratio (M-H, fixed, 95% Cl) 0.42[0.03,6.77] 0.54 NA NA
Station 4d 2 [36,43] 491 Odds ratio (M-H, fixed, 95% Cl) 1.13[0.38,3.37] 0.82 0% 0.67
Station 5 3[17,36,43] 384 Odds ratio (M-H, fixed, 95% Cl) 1.68 [0.07,42.69] 0.75 NA NA
Station 6 3117,36,43] 621 Odds ratio (M-H, fixed, 95% Cl) 142 [0.40, 5.05] 0.59 70% 0.04
Station 7 2[36,43] 490 Odds ratio (M-H, fixed, 95% Cl) 1.64[0.57,4.76] 0.36 45% 0.18
Station 8 2 [36,43] 471 Odds ratio (M-H, fixed, 95% Cl) 0.83[0.12,5.95] 0.85 0% 052
Station 9 2 [36,43] 469 Odds ratio (M-H, fixed, 95% Cl) 0.84[0.15,4.72] 0.84 NA NA
Station 11p 2 [36,43] 426 Odds ratio (M-H, fixed, 95% Cl) 2.3910.25, 23.04] 0.45 0% 0.59

harvested at No. 9 and No. 11p with PPG may be due to
the attempt to protect the vagus nerve with this method,
which affects the surgical field or scope of the dissection.
The heterogeneity among studies in the total LNs har-
vested was significant in our pooled results. Subgroup
analysis showed that heterogeneity was mainly from the
literature before 2017. The possible reason is that lapa-
roscopic PPG remains technically demanding, and pre-
serving the IPA in laparoscopic surgery requires a high
degree of surgical skill. Subgroup analysis also showed
differences in the number of LNs dissected for Chinese
studies, probably because the surgical techniques and
pathological detection abilities have not developed con-
currently in China.

LNM is a definite poor prognostic factor for EGC [22,
49, 50]. In our meta-analysis, the proportion of patients
with LNM at each station was comparable between PPG
and CDG. However, in previous reports, some patients
with negative pathological lymph nodes (pNO) died of
recurrence. Lymph node micrometastasis, a new con-
cept, is suggested to be a cause of recurrent gastric can-
cers [17, 51, 52]. This concept refers to tumor cell clusters
with tiny size or rare cells, which are considered pNO.
The possibility of micrometastatic tumor cells in the
remaining lymph nodes of No. 5 and No. 6 in vivo cannot
be neglected in patients in whom PPG is performed [17].

The PRM and DRM are also important pathological
indicators for PPG because the volume of the remnant
stomach influences gastric function after surgery [43]. The
present meta-analysis revealed that PPG had advantages
in preserving more remnant stomachs than CDG. The dis-
tance from the lesion to the pylorus should be fully con-
sidered before surgery, as a short antral cuft length may
lead to postoperative gastric stasis [18]. It is commonly
believed that EGC located more than 4 cm away from the
pyloric ring is an indispensable indication for PPG [9]. It

is not surprising that the PPG group had a shorter distal
margin than the CDG group because of pyloric ring pres-
ervation. Interestingly, our results revealed that surgeons
also tend to retain more of the proximal stomach when
performing PPG. Based on this, some studies attempted
to widen the application of PPG for EGC, even involving
“upper-third portion” If a margin free of tumor can be
achieved, PPG can be a substitute for total gastrectomy or
subtotal gastrectomy with more desirable functional out-
comes and lower postoperative morbidity [43].

CDG with LN dissection for gastric cancer generally
provides a sufficiently satisfactory prognosis for EGC [53,
54]. In the KLASS-01 trial, a total of 1416 patients with
EGC were randomly included. The 5-year OS rates were
94.2% in laparoscopic DG (n = 705) and 93.3% in open DG
(n = 711) [53]. In comparison, there are few authoritative
reports on the oncological outcomes of PPG. According to
a Japanese multicenter propensity score-matched cohort
analysis, the 5-year OS was 98.4% for the PPG group and
96.6% for the CDG group [39]. Zhu et al. reported that
the 3-year RFS of the PPG group was similar to that of
the CDG group (97.8% vs. 94.4%) [43]. The pooled results
of the present meta-analysis suggested that PPG may
have similar oncological outcomes compared with CDG.
However, follow-up in the included studies was gener-
ally less than 5 years. Remnant gastric cancer, commonly
diagnosed 10 to 30 years after initial surgery, could be an
important oncological risk [55]. The regurgitation of bile
or pancreatic juice has been thought to initiate carcino-
genesis through mucosal damage in the remnant stom-
ach [56]. The preservation of the pylorus ring during PPG
would assuage gastritis by reducing the reflux of the duo-
denal contents. In this respect, the risk of remnant gastric
cancer after PPQG is supposed theoretically to be reduced.

There were certain limitations in our analysis. First,
only two of the included studies were RCTs. This certainly
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Study %
ID WMD (95% Cl)  Weight
Suh (2014) —_— -1.20 (-1.85, -0.55) 14.28
Xia (2018) _— -1.20 (-1.73, -0.67) 15.82
Zhu (2019) —_— -0.60 (-1.08, -0.12) 16.55
Xia (2019) P— -0.10 (-0.35, 0.15) 19.21
Huang (2020) : B — 0.20 (-0.13, 0.53) 18.34
Park (2021) —_— -0.70 (-1.23, -0.17) 15.80
Overall (I-squared = 85.1%, p = vo00)<> -0.55 (-1.00, -0.11) 100.00
NOTE: Weights are from random effects analysis i

4 T

Overall (I-squared = 97.6%, p = 0.000<>

NOTE: Weights are from random effects analysis

T
-1.85 0

1.85
B

Study %

ID WMD (95% Cl)  Weight
Suh (2014) - -2.90 (-3.37, -2.43)14.52
Hu (2016) i - 0.90 (0.01,1.79) 14.04
Xia (2018) ._._ -0.90 (-1.68, 0.12)14.19
Zhu (2019) —_— -4.00 (-4.94, -3.06)13.98
Xia (2019) -— 0.20 (-0.28, 0.68) 14.52
Huang (2020) —f— 0.20 (-0.40, 0.80) 14.41
Park (2021) — -4.50 (-5.15, -3.85)14.35

-1.57 (-3.13,-0.01)100.00

T
-5.15 0
Fig. 4 Forest plots for the meta-analysis of surgical margins. A PRM. B DRM

T
5.15

attenuated the evidence level. Our results are inevitably
impacted by the short follow-up duration and the limited
numbers of patients in the included studies. The analy-
sis of OS and RFS contained only three publications; the
results of this study did not provide solid evidence of
oncological safety. Second, PPG might be applicable only
in countries with a high incidence of EGC such as East
Asian countries. The results need further confirmation in
other countries. Third, the uniform PPG procedure has
not been completely established. The LN dissection nerve

preservation and reconstructions may depend on institu-
tional policies or the abilities of surgeons. Fourth, there
were also inconsistencies among studies with respect to
the standards used for patient inclusion.

Conclusion

In conclusion, this meta-analysis revealed that fewer total
lymph nodes were harvested in PPG than CDG. There
were significant differences in the number of lymph nodes
harvested at stations No. 5, No. 6, No. 9, and No. 11p.
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Hosoda (2016) 0.82(0.42,162) 11.26

A
Study %
ID OR (95% Cl) Weight
Kim (2014) 0.94 (0.44,2.04) 7.85
Hu (2015) 0.64(0.29,1.38) 9.96
Hu (2016) 1.00(0.43,2.31) 6.44
Hosoda (2017) 1.24 (0.65,2.37) 9.61
Xia (2019) —_— 1.02(0.59,1.75) 15.14
Zhu (2019) —_—t— 1.17 (0.69, 1.99) 14.97
Huang (2020) 0.99 (0.46,2.10) 7.97
Park (2021) —— 1.00 (0.67, 1.49) 28.06
Overall (I-squared =0.0%, p = 0.955) <> 1.01(0.82, 1.25) 100.00
T T

293 1 3.41
B
Study %
ID OR (95% Cl) Weight
Kim (2014) f 1.09 (0.46,2.56) 6.06
Hu (2015) : 1.22(0.70,2.13) 13.59
Hu (2016) : 1.00(0.38,2.61) 5.09

Xia (2019) . 0.99 (0.59, 1.66) 17.36
Zhu (2019) 0.77 (0.46, 1.31) 18.66
Huang (2020) 1.01(0.51,2.01) 9.90
Park (2021) 1.09 (0.66, 1.80) 18.08
Overall (I-squared = 0.0%, p = 0.967) <> 0.99 (0.80, 1.23) 100.00
T : T

383 1 261
C
Study %
ID OR (95% Cl) Weight
Kim (2014) : 0.96 (0.49, 1.88) 3.21
Suh (2014) —44— 0.98(0.70,1.37) 12.74
Hu (2015) { 1.15(0.67,1.98) 4.56
Aiawa (2016) —_— 1.04 (0.87,1.24) 43.68
Hosoda (2016) 1.03 (0.51,2.10) 2.82
Hu (2016) 1.00 (0.46,2.16) 2.42
Eom (2019) 0.98 (0.69, 1.38) 12.06
Zhu (2019) i 1.08 (0.70,1.68) 7.13
Park (2021) —...— 0.97 (0.68,1.39) 11.37
Overall (I-squared = 0.0%, p = 1.000) <> 1.02 (0.90, 1.15) 100.00

T T
463 1 216
Fig. 5 Forest plots for the meta-analysis of pathological T stages and N stages. A pT1a. B pT1b. C pNO
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Study %
ID ES (95% Cl) Weight
Ikegughi (2010) —_— 0.22 (0.01, 9.24) 6.95
Hu (2016) ¢ i 0.97 (0.00, 9.93e+07)  0.28
Aizawa (2017) —- 0.68 (0.24, 1.88) 9277
Overall (I-squared = 0.0%, p = 0.852) Q 0.63 (0.24, 1.67) 100.00
T * T
1.0e-08 1 1.0e+08
Study
ID ES (95% CI) Weight
Suh (2014) : 0.78 (0.00, 247.72) 14.82
Aizawa (2017) —4'—— 0.30 (0.02, 4.59) 65.34
Zhu (2019) E 0.13(0.00, 19.07) 19.85
Overall (I-squared = 0.0%, p = 0.900) <i>> 0.29(0.03,2.67) 100.00

T
0009 1

Fig. 6 Forest plot for the meta-analysis of oncological outcomes. A OS. B RFS

T
1106

However, oncological outcomes, including OS and RES,
were comparable between the two procedures. In addition,
our meta-analysis also found that PPG has shorter PRM
and DRM, meaning that more remnant stomachs would be
preserved in PPG. This may also be one of the reasons why
PPG can improve postoperative function. Current findings
are based mainly on observational studies, and adequately
powered RCTs are required in the future.
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