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Abstract

Purpose In actual surgical research, case-matched studies are frequently conducted as an alternative to randomized controlled
trials (RCTs). However, it is still unclear what differences there are between RCTs and case-matched studies in upper gastro-
intestinal surgery, and clarifying them is a very important clinical issue. Thus, the purpose of this study was to investigate
estimated treatment effects between RCTs, case-matched studies, and cohort studies regarding laparoscopic distal gastrectomy
(LDG) for advanced gastric cancer (AGC).

Methods We searched the PubMed, Cochrane Central Register of Controlled Trials, and Web of Science databases for studies
that compared LDG versus open distal gastrectomy for AGC published from the inception of the databases until July 2021.
A meta-analysis was performed using the Review Manager version 5.3 software program from the Cochrane Collaboration,
and six short-term outcomes and three long-term outcomes were assessed.

Results Twenty-three studies with 13698 patients were included. There was no difference in estimated treatment effects
between RCTs and case-matched studies for all outcomes except for the number of retrieved lymph nodes and postopera-
tive complications. In terms of intraoperative blood loss, postoperative hospital stay, number of retrieved lymph nodes, and
recurrence, observational studies tended to overestimate the treatment effects.

Conclusion The estimated treatment effects of LDG for AGC in the case-matched study were almost the same as in the
RCTs. However, to assess the true magnitude of the treatment effect, the design and actual implementation of the analysis
must be critically evaluated.

Keywords Case-matched study - Randomized controlled trial - Laparoscopic distal gastrectomy - Open distal gastrectomy -
Advanced gastric cancer

Introduction

It is generally accepted that the gold standard for evaluat-
ing the efficacy of therapeutic interventions is randomized
controlled trials (RCTs). In RCTs, random assignment
of participants to treatment and control groups virtually
eliminates distortion of results due to differences in patient
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characteristics between study groups. However, in most sur-
gical studies, randomization is difficult for ethical and practi-
cal reasons [1]. In addition, RCTs are costly and inefficient
because they require many resources, including subjects,
time, and the cooperation of diverse experts, to estimate
treatment effects with sufficient accuracy [2]. Therefore, as
a practical alternative, many observational studies have been
performed in actual clinical settings.

Observational studies are susceptible to biases such as
confounding, selection, and differential ascertainment bias
because they lack randomization and other elements of RCT
design [3]. Some reports have suggested that both rand-
omized and observational studies may produce very similar
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results [4, 5], while others have reported conflicting results
[6]. However, the topics covered in these previous reports
are very limited, and more empirical and quantitative evi-
dence is needed to clarify the accuracy of and differences in
each study design [7]. In recent years, case-matched stud-
ies have been frequently conducted in surgical research for
appropriate confounder adjustment in observational studies,
and the most common technique is propensity score match-
ing [1]. The propensity score, proposed as a potential solu-
tion to the problem of confounding associations between
treatment and outcome, represents the probability of being
treated with an intervention based on variables measured
during or before treatment [8]. Although there are methodo-
logical differences between case-matched studies and RCTs,
such as patient selection and adjustment for confounders [9,
10], only one report, concerning rectal cancer, has investi-
gated the similarities and differences between different study
designs in the field of gastrointestinal surgery [2]. Therefore,

it is still unclear what differences there are between RCTs,
case-matched studies, and cohort studies in other gastroin-
testinal surgeries, and clarifying them is a very important
clinical issue.

Thus, the purpose of this study was to investigate esti-
mated treatment effects between RCTs, case-matched stud-
ies, and cohort studies regarding upper gastrointestinal sur-
gery areas. As a clinical topic, we selected the comparison
of laparoscopic distal gastrectomy (LDG) versus open dis-
tal gastrectomy (ODG) for advanced gastric cancer (AGC),
which is one of the most discussed and interested issues
among gastrointestinal surgeons. While there have been sev-
eral meta-analysis studies that evaluated the efficacy of LDG
in AGC [11-14], none of them focused on the differences
in study design.

Therefore, in the present study, we evaluated the differ-
ences in study designs by addressing this clinical topic for
which sufficient evidence has been accumulated.
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Table 2 Quality assessment of

. o Study Randomiza- Intended Missing Measurement Reported result  Overall risk-of-
the.mcluded RCTs .based on the tion process interven- outcome of outcome bias judgement
revised Cochrane risk-of-boas tions

ions data
tool
Hu [31] Low Low Low Low Low Low
Park [33] Low Low Low Low Low Low
Wang [37] Low Low Low Low Low Low
Yu [38] Low Low Low Low Low Low
Hyung [40] Low Low Low Low Low Low

RCTs randomized controlled trials

Materials and methods

We performed a systematic review and meta-analysis in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement [15].

Literature search strategy

We searched the PubMed, Cochrane Central Register of
Controlled Trials, and Web of Science databases for studies
in which LDG was compared with ODG for AGC published
from inception until July 2021. The search terms used were
“laparoscopy” OR “laparoscopic” AND “stomach neo-
plasms” OR “gastric cancer” OR “stomach cancer” AND
“open gastrectomy” AND “distal gastrectomy” (Appendix
S1). The reference lists of all relevant articles were evalu-
ated to identify other related papers. The study title, study
authors, year of publication, and study characteristics were

checked, and duplicates were removed. Two authors (R.O.
and Y.M.) independently reviewed the title and abstract of
articles after eliminating duplicates. The same authors then
evaluated the full text according to the study eligibility cri-
teria described below. In cases of disagreement, the authors
discussed or consulted a third author until agreement was
reached.

Eligibility

The inclusion criteria were as follows: (1) RCTs, case-
matched studies, or cohort studies; (2) studies that compared
LDG versus ODG for AGC; (3) studies that provided avail-
able outcome data; and (4) articles written in English.

The exclusion criteria were as follows: (1) studies with-
out appropriate data; (2) laboratory or animal studies; and
(3) papers identified as letters, comments, correspondence,
editorials, or reviews.

Table 3 Quality assessment of

observational studies Studies Selection Comparability Outcome Total star
1 2 3 4 5 6 7 8
Scatizzi [24] * * * * ok % % 3
Shuang [25] * * * #* Hox * * # 9
Zhang [30] * * * * *k % % « 9
Yoshida [34] * * * * ok " " " 9
Kim [35] * * * # ek % % % 9
Garbarino [39] * * * * Hk ® * # 9
Wang [41] * * * * ok * * % 9
Huang [42] * * * ® #3% ® * % 9
Hur [20] * * # ® * * * ® 8
Du [21] * * * * ® ® * * 8
Hwang [22] * * ® * * * « * ]
Huang [23] * * *® ® * * « % 3
Zhao [26] * * * ® * * * * 8
Chun [27] * * * ® * % * s 3
Gordon [28] * * ® * * % % % 3
Hosoda [29] * * * * % " s " g
Matsuda [32] * * * * * * % * 3
Shibuya [36] * * * * * * * % 3
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Data extraction and outcome parameters

Two authors (R.O. and Y.M.) collected the data indepen-
dently. The following data were extracted: population
characteristics (year of publication, study design, country
in which the study was performed, number of patients),
short-term outcome parameters (operative time, intraop-
erative blood loss, postoperative hospital stay, retrieved
lymph nodes, postoperative complications), and long-
term outcome parameters (recurrence, 3-year disease-
free survival (DFS), 3-year overall survival (OS)). The
collected data were double-checked by each author,
and any discrepancies were resolved by rechecking and
discussion.

Assessment of study quality and risk of bias

RCTs were assessed using the revised Cochrane risk-of-
bias tool [16]. For observational studies, the Newcas-
tle—Ottawa quality assessment scale (NOS) was used to
assess the quality of the included studies [17]. The score
ranged from O to 9 stars, and studies with a score of > 6
were considered to be of a high quality. For each outcome,
a funnel plot was used to examine the publication bias
among the included studies.

Statistical analyses

All statistics analyses were carried out using Review Man-
ager version 5.3 software (The Cochrane Collaboration,
Oxford, UK). The random effects model were used. Het-
erogeneity was assessed using the I statistic. Odds ratio
(OR) with corresponding 95% confidence interval (CI) was
evaluated for categorical variables. The mean difference
(MD) with corresponding CI was assessed for continuous
variables. The mean with standard deviation (SD) was esti-
mated from the median, the range, and the size of a sample
using the method of Hozo et al. [18]. Survival outcome was
analyzed according to the pooled hazard ratio (HR) and 95%
CI. If the HR was not provided directly, an estimated HR
was calculated from Kaplan—Meier curves according to the
method of Tierney et al. [19]. The P value of <0.05 was
defined statistically significant.

Results

Study characteristics

The comprehensive electronic literature search detected
1385 articles. In total, 392 articles were removed due to

duplication. According to the eligible criteria, 849 were
excluded by title/abstract screening. The remaining 144

@ Springer

articles were evaluated by full-text review. Ultimately, 23
studies with 13698 patients were included (Fig. 1) [20—42].
Although two RCTs were from the same trial (CLASS-01
trial, NCT01609309) [31, 38], one reported the short-term
outcomes [31] and the other was a follow-up that reported
the long-term outcomes [38], so both were included in this
study to analyze the results of each. The included studies
were 5 RCTs, 8 case-matched studies, and 10 cohort studies.
The characteristics of the included studies are summarized
in Table 1.

The study quality and risk of bias

The risk of bias assessed using the revised Cochrane risk-of-bias
tool is shown in Table 2. For overall risk-of-bias judgement, all
included RCTs were rated as low risk of bias. The quality of
the included observational studies was assessed using the NOS,
and all studies were graded as a high quality (Table 3). In addi-
tion, we conducted a funnel plot analysis to assess the possibility
of a publication bias (Fig. 2). The spread of the distribution of
the effect sizes of the studies in the funnel plot was more pro-
nounced in observational studies than in others.

Short-term outcomes
Operative time

A total of 21 studies with 6222 patients (4 RCTs with 2651
patients, 7 case-matched studies with 1792 patients, and 10
cohort studies with 1779 patients) reported operative time
(Table 4). The meta-analysis showed that the operative time
of the LDG group was significantly longer than that in the
ODG group in RCTs (MD: 49.2, 95% CI: 29.38 to 69.02,
P <0.00001), case-matched studies (MD: 32.25, 95% CI:
15.2 to 55.3, P=0.0006), and cohort studies (MD: 47.85,
95% CI: 29.37 to 66.33, P <0.00001) (Fig. 3).

Intraoperative blood loss

In total, 17 studies with 4831 patients (3 RCTs with 1562
patients, 5 case-matched studies with 1612 patients, and 9
cohort studies with 1657 patients) revealed intraoperative
blood loss (Table 4). The LDG group showed significantly
less intraoperative blood loss than the ODG group in RCTs
(MD: —35.91, 95% CI: — 67.54 to —4.28, P=0.03), case-
matched studies (MD: —44.89, 95% CI: —64.65 to—25.12,
P <0.00001), and cohort studies (MD:—179.3, 95%
CI: —235.81 to—122.8, P <0.00001) (Fig. 4).

Postoperative hospital stay

Twenty-one studies with 6222 patients (4 RCTs with
2651 patients, 7 case-matched studies with 1792 patients,
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and 10 cohort studies with 1779 patients) showed post-
operative hospital stay (Table 4). The LDG group had
significantly less postoperative hospital stay than the
ODG group in RCTs (MD: —-0.73, 95% CI: —1.28

to—0.19, P=0.009), case-matched studies (MD: —2.49,
95% CI. —3.84 to—1.13, P=0.0003), and cohort stud-
ies (MD: —2.75, 95% CI: —4.1 to—1.41, P <0.00001)
(Fig. 5).
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Laparoscopy Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Rondomized controlled trial
Hu 2016 2173 603 519 186 533 520 51% 31.30 [24.38, 38.22) ==
Park 2018 2574 867 100 183 525 96  4.5% 74.40[54.42,94.38] _—
Wang 2019 2425 B35 222 2099 536 220 5.0% 32.60 [21.65, 43.55] -
Hyung 2020 227 B7.9 492 1644 458 482 51% 62.60 [55.34, 69.86) il
Subtotal (95% Cl) 1333 1318  19.7%  49.20[29.38, 69.02] Recre
Heterogeneity: Tau®= 371.82; Chi*= 50.85, df= 3 (P < 0.00001); F=94%
Test for overall effect: Z= 4.87 (P < 0.00001)
1.1.2 Case-matched study
Scatizzi 2011 240 325 30 180 30 30 47% 60.00 [44.17, 75.83] —
Shuang 2011 320 775 35 210 405 35  3.9% 110.00([81.03,138.97)
Zhang 2015 210 15 86 180 11.7 86  5.2% 30.00 [25.98, 34.02) e
Kim 2019 2348 469 60 217.2 48 60  4.7% 17.60[0.62, 34.58] ==
Garbarino 2020 2572 463 34 197.2 66.4 34 4.0% 60.00[32.79, 87.21) —_—
Wang 2020 185 522 190 2033 638 180 50% -8.30[-20.02, 3.42) =%
Huang 2021 169 62,75 461 169.8 471 461 51% -0.80 [-7.96, 6.36) =T
Subtotal (95% Cl) 896 896 32.6%  35.25[15.20,55.30] <
Heterogeneity: Tau®= 654.25; Chi*= 14457 df=6 (P < 0.00001), F= 96%
Test for overall effect: Z= 3.45 (P = 0.0006)
1.1.3 Cohort study
Hur 2008 255 425 26 1838 313 25  45% 71.20[50.77,91.63) —_—
Du 2008 245 35 78 220 20 90 51% 25.00 [16.20, 33.80) =
Hwang 2009 2555 581 45 208.3 366 83  46% 47.20 [28.49, 65.91] —
Huang 2010 2661 551 66 2238 268 69  4.8% 42,30 [27.58,57.02) ——
Zhao 2011 21 56 346 204 41 313 51% 7.00[-0.45, 14.45) [
Chun 2012 207.7 406 52 1599 39 67  4.8% 47.80 [33.34, 62.26) —
Gordon 2013 291 478 66 235 558 135 48% 56.00 [41.11, 70.89] —
Hosoda 2015 297 12 32 226 10 44 52% 71.00 [65.90, 76.10] s
Matsuda 2018 321 775 61 245 50.8 67  4.3% 76.00 [53.06, 98.94) —_—
Shibuya 2019 2375 504 87 1976 449 27 45% 39.90 [19.93, 59.87] —
Subtotal (95% Cl) 859 920 47.6%  47.85[29.37,66.33] -~
Heterogeneity: Tau®= 825.84; Chi®= 233.69, df=9 (P < 0.00001); F= 96%
Test for overall effect: Z=5.08 (P < 0.00001)
Total (95% CI) 3088 3134 100.0%  44.03 [32.58, 55.47] L4
Heterogeneity: Tau®= 652.84; Chi*= 552.89, df= 20 (P < 0.00001); F= 96% 3 500 _550 5 550 160

Test for overall effect: Z=7.54 (P < 0.00001)
Test for subaroup differences: Chi*=1.16, df= 2 (P=0.56), F= 0%

Favours [Laparoscopy] Favours [Open]

Fig.3 Results of the meta-analysis of operative time stratified by study design

Number of retrieved lymph nodes

A total of 21 studies with 6222 patients (4 RCTs with 2651
patients, 7 case-matched studies with 1792 patients, and 10
cohort studies with 1779 patients) reported the number of
retrieved lymph nodes (Table 4). The number of retrieved
lymph nodes was significantly larger in the ODG group than
in the LDG group in RCTs (MD: —1.19, 95% CI: —2.23
to—0.04, P=0.04). In contrast, there were no significant
differences between the groups in case-matched studies
(MD: -0.14, 95% CI: —1.63 to 1.35, P=0.85) and cohort
studies (MD: 0.21, 95% CI: — 2.16 to 2.58, P=0.86) (Fig. 6).

Postoperative complications

Twenty-two studies with 13,698 patients (4 RCTs with 2651
patients, 8 case-matched studies with 9268 patients, and 10
cohort studies with 1779 patients) revealed the incidence of

postoperative complications (Table 4). There were no sig-
nificant differences between the two groups in RCTs (OR:
0.82,95% CI: 0.56 to 1.20, P=0.30). Conversely, the LDG
group had a significantly lower incidence of postoperative
complications than the ODG group in case-matched stud-
ies (OR: 0.84, 95% CI: 0.74 to 0.95, P=0.006) and cohort
studies (OR: 0.60, 95% CI: 0.44 to 0.84, P=0.002) (Fig. 7).

Results of long-term outcomes
Recurrence

In total, 10 studies with 4525 patients (2 RCTs with 2013
patients, 2 case-matched studies with 1302 patients, and
6 cohort studies with 1210 patients) showed the inci-
dence of recurrence (Table 4). There were no signifi-
cant differences between the two groups in RCTs (OR:
1.10, 95% CI: 0.87 to 1.39, P=0.45), case-matched
studies (OR: 1.04, 95% CI: 0.82 to 1.32, P=0.76), and
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Laparoscopy Open Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Randomized controlled trial
Hu 2016 1055 886 79 1173 845 67  6.3% -11.80[-39.93,16.33) -T
Wang 2019 91.4 909 222 1175 1035 220 6.4% -26.10 [-44.27,-7.93] -
Hyung 2020 1524 2605 492 225 2115 482 6.3% -72.60 [[102.37,-42.83] -
Subtotal (95% CI) 793 769  19.0% -35.91[-67.54, -4.28] L3
Heterogeneity: Tau®= 612.34; Chi*= 9.53, df= 2 (P = 0.009); *= 79%
Test for overall effect: Z=2.23 (P =0.03)
1.2.2 Case-matched study
Shuang 2011 200 125 35 300 250 35 46% -100.00 [-192.60, -7.40]
Zhang 2015 200 40 86 260 25 86 6.5% -60.00 [-69.97,-50.03] -
Garbarino 2020 1408 17089 34 1803 1653 34 50% -39.50[-119.42, 40.42] .
Wang 2020 92 791 180 117 318 180 65% -25.00[-37.12,-12.88] e
Huang 2021 787 989 461 121.3 1155 461 6.5% -42.60 [-56.48,-28.72] -
Subtotal (95% CI) 806 806 29.0% -44.89 [-64.65, -25.12] ¢
Heterogeneity: Tau®= 298.27; Chi*= 20,63, df= 4 (P = 0.0004); F=81%
Test for overall effect: Z= 4.45 (P < 0.00001)
1.2.3 Cohort study
Hur 2008 160 375 26 2413 91.3 25 B.1% -81.30[-119.88,-42.72] -
Du 2008 110 25 78 196 30 90 6.5% -86.00 [-94.32,-77.68] -
Hwang 2009 3333 892 45 4406 156.7 83 6.0% -107.30[149.91,-64.69) -
Huang 2010 1319 887 66 3423 1787 69  59% -21040[257.68,-163.12) -
Zhao 2011 128 85 346 301 156 313 6.4% -173.00[192.47,-153.53] -
Gordon 2013 107 973 66 495 4325 135 51% -388.00[-464.64,-311.36) ——
Hosoda 2015 90 27 32 314 23 44  B.5% -224.00[-235.56,-212.44) -
Matsuda 2018 50 1425 61 333 4785 67  3.8% -283.00[-403.03,-162.97)
Shibuya 2019 341 564 87 1571 1295 24 57% -123.00[176.15,-69.85) —
Subtotal (95% CI) 807 850 52.0% -179.30[-235.81,-122.80] -
Heterogeneity: Tau®= 6765.48; Chi*= 441.11, df=8 (P < 0.00001); F= 98%
Test for overall effect: Z=6.22 (P < 0.00001)
Total (95% Cl) 2406 2425 100.0% -114.31[-150.71,-77.92] R
it 2 . 2 - - 1R - } } 1 1
Heterogeneity: Tau®= 5277.49; Chi*=952.01, df=16 (P < 0.00001); F= 98% 500 250 b 250 500

Test for overall effect. Z=6.16 (P < 0.00001)
Test for subgroup differences: Chi*= 20.96, df= 2 (P < 0.0001), F=90.5%

Favours [Laparoscopy] Favours [Open)

Fig.4 Results of the meta-analysis of intraoperative blood loss stratified by study design

cohort studies (OR: 0.85, 95% CI: 0.66 to 1.09, P=0.21)
(Fig. 8).

The 3-year DFS

Six studies with 3631 patients (3 RCTs with 2209 patients
and 3 case-matched studies with 1422 patients) reported the
3-year DFS (Table 4). There were no significant differences
between the two groups in RCTs (HR: 1.07, 95% CI: 0.88
to 1.31, P=0.51) and case-matched studies (HR: 0.83, 95%
CI: 0.53 to 1.3, P=0.42) (Fig. 9). However, the LDG group
tended to be correlated with favorable 3-year DFS in case-
matched studies compared to in RCTs.

The 3-year 0S

A total of 7 studies with 3565 patients (2 RCTs with
2013 patients and 5 case-matched studies with 1552
patients) showed the 3-year OS (Table 4). There were
no significant differences between the two groups in
RCTs (HR: 1.11, 95% CI: 0.87 to 1.43, P=0.40) and

@ Springer

case-matched studies (HR: 0.68, 95% CI: 0.38 to 1.24,
P=0.21) (Fig. 10). However, the LDG group tended to
be associated to favorable 3-year OS in case-matched
studies compared to in RCTs.

Discussion

In this study, we performed a meta-analysis including 23
studies for 5 short-term outcomes and 3 long-term out-
comes. There was no difference in estimated treatment
effects between RCTs and case-matched studies for all
outcomes except for the number of retrieved lymph nodes
and postoperative complications. For all analyzable items,
the results of cohort studies were similar to those of case-
matched studies. In terms of short-term outcomes, both
RCTs and case-matched studies found significantly longer
operative time, less intraoperative blood loss, and shorter
postoperative hospital stay in LDG compared to ODG.
Postoperative complications were significantly less in
case-matched studies but not in RCTs. However, given
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Laparoscopy Open Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Randomized controlled trial
Hu 2016 108 59 519 113 76 520 63% -050[1.33,033] =
Park 2018 9.8 7 100 91 55 96 5.0% 0.70 [-1.06, 2.46] T
Wang 2019 99 37 222 109 52 220 6.3% -1.00[-1.84,-0.16] i
Hyung 2020 8 63 492 91 63 482 64% -1.10[1.89,-0.31] ==
Subtotal (95% CI) 1333 1318 24.0% -0.73[-1.28,-0.19] &
Heterogeneity: Tau®= 0.08; Chi*= 4.05, df= 3 (P = 0.26), F= 26%
Test for overall effect: Z= 2.63 (P = 0.009)
1.3.2 Case-matched study
Scatizzi 2011 7N 30 9 43 30 23% -2.00[-6.23,2.23) —
Shuang 2011 12 7.8 35 17 93 35  24% -5.00[-9.02,-0.98]
Zhang 2015 8 1.7 86 12 25 86 65% -4.00[-4.64,-3.36) i
Kim 2019 96 43 60 115 51 B0 52% -1.90[-3.59,-0.21] ——
Garharino 2020 1.8 83 34 158 137 34 16% -4.00[9.38,1.38) —
Wang 2020 115 45 1890 131 51 190 6.2% -1.60[257,-063) -
Huang 2021 13 83 461 141 86 461 6.0% -1.10[2.19,-0.01) ]
Subtotal (95% Cl) 896 896 30.1% -2.49[-3.84,-1.13] <
Heterogeneity: Tau®= 2.05; Chi*= 31.36, df= 6 (P < 0.0001); F=81%
Test for overall effect: Z= 3.60 (P = 0.0003)
1.3.3 Cohort study
Hur 2008 7 4 26 103 33 25  47% -3.30[5.31,-1.29) —_—
Du 2009 86 1.2 78 121 25 90 6.6% -3.50[-4.08,-292) -
Hwang 2009 98 69 45 111 56 83  42% -1.30[3.651.05) T
Huang 2010 92 34 66 114 46 69 56% -2.20[-3.56,-0.84] -
Zhao 2011 79 36 346 107 58 313 6.4% -280[3.55-2.09] o
Chun 2012 7 161 52 7 186 67  21% 0.00[-4.39, 4.39]
Gordon 2013 84 41 66 181 161 135 35% -9.70[1259,-681) ——
Hosoda 2015 97 05 32 103 04 44 68% -0.60[-0.81,-0.39] -
Matsuda 2018 7 133 61 9 98 67 24% -2.00[-6.08, 2.08] —_—1
Shibuya 2019 123 57 87 145 68 27 36% -2.20[-5.03,0.63) —_—r 1
Subtotal (95% Cl) 859 920 45.9% -2.75[-4.10,-1.41] <
Heterogeneity: Tau®= 3.49; Chi*=148.29 df=9 (P < 0.00001); F= 94%
Test for overall effect: Z=4.00 (P < 0.0001)
Total (95% Cl) 3088 3134 100.0% -2.13[-2.91,-1.35] L3
Heterogeneity: Tau®= 2.30; Chi*= 235.34, df= 20 (P < 0.00001); F=92% _110 '5 5 é 110

Test for overall effect: Z=5.38 (P < 0.00001)
Test for subaroun differences: Chi*=11.39, df=2 (P =0.003), F=82.4%

Favours [Laparoscopy] Favours

Open)

Fig.5 Results of the meta-analysis of postoperative hospital stay stratified by study design

the distribution of the 95% ClIs for postoperative com-
plications, we considered the estimated treatment effect
in both studies to be comparable. Regarding long-term
outcomes, although LDG had relatively better 3-year
DFS and 3-year OS in case—matched studies, there was
no significant difference between LDG and ODG in both
RCTs and case—matched studies. Thus, the findings of
RCTs and case-matched studies were similar for almost
all outcomes.

The estimated treatment effects of LDG in case-
matched studies were intermediate between RCTs and
cohort studies in terms of intraoperative blood loss,
postoperative hospital stay, retrieved lymph nodes, and
recurrence. RCTs can adjust for all confounders (includ-
ing unknown ones), whereas propensity score match-
ing, a typical case-matching method, has been shown to

potentially miss some confounders [43]. Therefore, such
differences in estimated treatment effects among study
designs may be due to the different degree of adjust-
ment for covariates in each study design. The amount
of intraoperative blood loss, hospitalization period,
number of retrieved lymph nodes, and recurrence are
outcomes that can be objectively assessed from medical
records, surgical records, pathology reports, and imag-
ing findings. Hence, it is suggested that differences in
research design may affect even objective endpoints. In
addition, it has been reported that observational stud-
ies such as case-matched studies and cohort studies may
overestimate treatment effects [44]. The nature of the
overestimation of observational studies, which was also
observed in this study regarding upper gastrointestinal
surgery areas, is consistent with the results of a study

@ Springer
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Laparoscopy Open Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Rantomized controlled trial
Hu 2016 361 16.7 519 369 161 520 6.3% -0.80[-2.79,1.19] =
Park 2018 37 134 100 397 133 96  4.8% -2.70 [-6.44,1.04) — s
VWang 2019 295 104 222 314 123 220 6.2% -1.90 [[4.02, 0.22) =
Hyung 2020 46.8 18 492 472 162 482 6.2% -0.40 [-2.55,1.75) —r
Subtotal (95% CI) 1333 1318 23.6%  -1.19[-2.33,-0.04] <
Heterogeneity: Tau*= 0.00; Chi*=1.72, df=3 (P=0.63), F=0%
Test for overall effect: Z= 2.03 (P = 0.04)
1.4.2 Case-matched study
Scatizzi 2011 NN 30 37 203 30 21%  -6.00[14.26, 2.26) —_—
Shuang 2011 3B 14 35 38 15 3/ 27% -3.00 [-9.80, 3.80) —_—1
Zhang 2015 20 1.2 86 21 1 86 7.2% -1.00 [-1.33,-0.67) -
Kim 2019 305 155 60 328 169 B0 3.2% -2.30 [-8.10, 3.50) —1
Garbarino 2020 26 10.6 34 261 123 34 35% -0.10 [-5.56, 5.36) I m—
Wang 2020 302 108 190 281 101 190 6.2% 2.10[-0.00, 4.20) [
Huang 2021 31.3 108 461 305 121 461 6.7% 0.80 [-0.68, 2.28) =
Subtotal (95% ClI) 896 896 31.6% -0.14 [-1.63, 1.35] L3
Heterogeneity: Tau*=1.64, Chi*=1531,df=6 (P=0.02); F=61%
Test for overall effect: Z=0.19 (P = 0.85)
1.4.3 Cohort study
Hur 2008 305 165 26 413 178 25  1.7% -10.80[-20.23,-1.37]
Du 2008 235 B 78 21 75 90 6.3% 2.50[0.46, 4.54] —
Hwang 2009 356 142 45 383 114 83 3.9% -2.70[-7.52,2.12) T
Huang 2010 258 125 66 245 103 69 4.7% 1.30[[2.57,5.17) R
Zhao 2011 332 125 346 328 156 313 6.2% 040 [-1.77, 2.57) -
Chun 2012 391 152 52 393 11.2 67  3.8% -0.20[[5.13, 4.73) =
Gordon 2013 359 126 66 366 145 135 46% -0.70 [-4.60, 3.20) ——
Hosoda 2015 44 2 32 39 2 4  7.0% 5.00[4.08, 5.91] s
Matsuda 2018 29 125 61 33 128 67  4.2% -4.00 [-8.39, 0.39) ——
Shibuya 2019 448 143 87 417 187 27 2.3% 310[-4.57,10.77) —
Subtotal (95% ClI) 859 920 44.8% 0.21[-2.16, 2.58]

Heterogeneity: Tau®= 9.96; Chi*= 52.99, df= 9 (P = 0.00001); F=83%
Test for overall effect. Z=0.18 (P = 0.86)

Total (95% Cl) 3088 3134 100.0%
Heterogeneity: Tau®*= 7.04; Chi*=178.78, df= 20 (P = 0.00001); I*= 89%
Test for overall effect: Z= 0.45 (P = 0.65)

Test for subgroup differences: Chi*=1.79, df=2 (P=0.41), F=0%

-0.32[-1.73, 1.08]

<>
-20 10 0 10 20

Favours [Open] Favours [Laparoscopy]

Fig.6 Results of the meta-analysis of retrieved lymph nodes stratified by study design

conducted in the lower gastrointestinal surgery field
[2], indicating that this review is significant in terms
of accumulating evidence regarding differences in treat-
ment effects among study designs in the gastrointestinal
surgery field. Possible causes of overestimation in obser-
vational studies include missing data, possible crossover,
publication bias, selective reporting of results, selection
bias, outcome ascertainment bias, immortal-time bias,
and residual confounding [43, 44]. Therefore, although
observational studies are a very useful research tool in
real clinical practice, the design and actual implemen-
tation of the analysis must be critically evaluated on a

@ Springer

case-by-case basis in order to assess the true magnitude
of treatment effects.

The strengths of this study are its novelty in the absence of
similar studies in the field of upper gastrointestinal surgery
and the inclusion of a relatively large number of studies to
assess the differences among RCTs, case-matched studies,
and cohort studies. However, there are several limitations of
the present study. First, cohort studies lacked the long-term
outcome data for calculating the HR needed to conduct a
meta-analysis. These would have allowed us to examine in
more detail the differences in long-term outcomes between
the study designs. Second, only published studies were



Langenbeck's Archives of Surgery (2022) 407:1381-1397 1393

Laparoscopy Open Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Randomized controlled trial
Hu 2016 79 519 67 520 10.0% 1.21[0.85,1.72) T
Park 2018 17 100 18 96 2.5% 0.89[0.43,1.84] ==
Wang 2019 29 222 389 220 4.8% 0.70[0.41,1.17] T
Hyung 2020 77 492 113 482 11.6% 0.61 [0.44, 0.84] —
Subtotal (95% Cl) 1333 1318 28.8% 0.82[0.56, 1.20] B
Total events 202 237

Heterogeneity: Tau®*= 0.09; Chi*=8.61, df=3 (P =0.03); F=65%
Test for averall effect. Z=1.03 (P = 0.30)

1.5.2 Case-matched study

Scatizzi 2011 2 30 8 30 05% 0.20[0.04,1.02]

Shuang 2011 2 35 3 35 04% 0.65([0.10,4.13)

Zhang 2015 ] 36 13 86 1.6% 0.66 [0.26, 1.63] — T
Yoshida 2018 397 3738 451 3738 39.5% 0.87 [0.75,1.00] o

Kim 2019 g 60 8 60 1.2% 1.00[0.35, 2.87) .
Garbarino 2020 10 34 12 34 1.3% 0.76[0.28,212] —
Wang 2020 24 190 32 190 4.0% 0.71[0.40,1.27) — 1
Huang 2021 68 461 80 461 9.9% 0.82([0.58,1.17] T
Subtotal (95% Cl) 4634 4634 58.4% 0.84 [0.74, 0.95] ¢

Total events 520 607

Heterogeneity: Tau®= 0.00; Chi*=3.99, df=7 (P=0.78), F=0%
Test for overall effect: Z= 2.73 (P = 0.006)

1.5.3 Cohort study

Hur 2008 4 26 4 25  06% 0.951[0.21, 4.32)

Du 2009 6 78 10 90  1.2% 0.67[0.23,1.93] =1
Hwang 2009 7 45 10 83 1.2% 1.34[0.47,3.81] —
Huang 2010 4 66 11 69  09% 0.34[0.10,1.13] B
Zhao 2011 24 346 41 313 47% 0.49[0.29,0.84] —_—

Chun 2012 5 52 B 67 09% 1.08 [0.31, 3.76] I
Gordon 2013 ] 66 33 135 21% 0.491[0.22,1.09] N
Hosoda 2015 1 32 4 44  0.3% 0.32[0.03, 3.03]

Matsuda 2018 3 61 5 67 0.6% 0.64[0.15,2.80]

Shibuya 2019 4 a7 1 27 0.3% 1.25[0.13,11.71]

Subtotal (95% Cl) 859 920 12.7% 0.60 [0.44, 0.84] <>

Total events 67 125

Heterogeneity: Tau®= 0.00; Chi*=5.91,df=9(P=0.75); F=0%

Test for averall effect: Z= 3.05 (P = 0.002)

Total (95% CI) 6826 6872 100.0% 0.79[0.71,0.89] ¢

Total events 789 969

Heterogeneity: Tau®= 0.00; Chi*= 21.97, df= 21 (P = 0.40); F= 4% 0 l:JS U:Z é 250

Testfor overall effect: Z= 3.90 (P < 0.0001)

: ) Favours [Laparoscopy] Favours [Open]
Test for subgroun differences: Chi*=3.47, df=2 {P=0.18), F= 42.3%

Fig. 7 Results of the meta-analysis of postoperative complications stratified by study design

databases, such as the National Clinical Database (NCD)
and the National Database of Health Insurance Claims

included in the present study, which made it difficult to elimi-
nate potential publication bias. Finally, most of the articles

included in this review were conducted in East Asia. There-
fore, more extensive studies should be conducted in other
countries and regions to improve the quality of the research
and to find general trends in differences among study designs.

In recent years, observational data representative of clin-
ical practice has become available from nationwide clinical

and Specific Health Checkups of Japan (NDB) [45, 46].
Given this background, case-matched studies using mod-
ern design methods such as propensity score matching will
become more and more important in the future because it
is an efficient way to evaluate the effects of interventions
in typical clinical settings [1]. In addition, the results of
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Open

Total Events Total

Odds Ratio

Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Laparoscopy
Study or Subgroup  Events
1.6.1 Randomized controlled trial
Yu 2019 95 519
Hyung 2020 76 492
Subtotal (95% Cl) 1011
Total events 171

85
72

157

520

482
1002

18.9%

16.0%
34.9%

Heterogeneity: Tau®= 0.00; Chi*=0.16, df=1 (P = 0.69); F=0%

Test for overall effect. Z=0.76 (P = 0.45)

1.6.2 Case-matched study

Wang 2020

Huang 2021
Subtotal (95% Cl)

Total events

49 190
140 461
651

189

47
137

184

190

461
651

9.1%

247%
33.8%

Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P =0.93), F=0%

Test for overall effect. Z=0.31 (P=0.76)

1.6.3 Cohort study
Hur 2008

Du 2009

Hwang 2009
Zhao 2011
Hosoda 2015
Matsuda 2018
Subtotal (95% CI)

Total events

8 26
22 78
6 45
147 346
3 32
9 61
588

195

6
N
17

141
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properly conducted and analyzed observational studies are
expected to help prioritize research needs that should be
addressed in more resource-intensive RCTs. Therefore, this
study, which compares the estimated treatment effects of
RCTs and observational studies, has important implications
for clinical practice and future research.

Conclusion

Our analysis indicated that the estimated treatment effects
of LDG for AGC in the case-matched study were almost
the same as in the RCTs. However, to assess the true mag-
nitude of the treatment effect, the design and actual imple-
mentation of the analysis must be critically evaluated.
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