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Abstract

Background: It is inconclusive whether R1 margin determined by postoperative pathological examination indicates worse
long-term survival in gastric cancer (GC) patients after curative intent resection (CIR). Hence, we aimed to systematically pool
the conflicting evidence to fill this gap.

Methods: The present study was performed according to the published protocol and Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement. Published studies examining the impact of microscopic margin status on overall survival
(OS) and 5-year OS rate in GC were systematically searched in PubMed, Embase, and Cochrane Library databases. RevMan 5.3
was used to conduct statistical analysis, and the Grading of Recommendations, Assessment, Development, and Evaluations
approach was used to assess the certainty of evidence for each outcome.

Results: Twenty-three retrospective cohort studies including 19 992 patients were analyzed. The pooled hazard ratio for OS of
14 studies was 2.06 (95% confidence interval [CI]: 1.61–2.65, low certainty), indicating that R1 margin predicted inferior OS.
Subgroup and sensitivity analyses upheld the statistical stability of this finding. The pooled odds ratio (OR) of 14 studies was .21
(95% CI: .17–.26, moderate certainty), demonstrating that the presence of R1 margins was associated with a poorer 5-year OS
rate. Sensitivity analyses and most of the subgroup analyses confirmed this finding, except the “esophagogastric junction (EGJ)
cancers” subgroup, which included two studies with a pooled OR of .41 (95% CI: .10–1.61).

Conclusion: R1 margin detected by pathological examination might exhibit a high correlation with poorer OS and 5-year OS
rate in GC (except EGJ cancers) patients who underwent CIR. To figure out the effect of R1 margin on survival of different
stages and histological types need prospective studies with large sample sizes and standardized methods. What is the best
treatment for R1 margin patients also need more in-depth and special research.
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Introduction

Gastric cancer is the second leading cause of death among all
cancer types, causing 782 685 deaths worldwide in 2018. The
incidence of GC has significantly increased, with approxi-
mately 1 033 701 new cases every year.1 Although adjuvant
therapies such as chemoradiotherapy (CRT), chemotherapy
(CT), and immunotherapy can improve the survival of GC
patients to some extent, radical surgery is still considered the
first-line treatment.2-4 Curative resection with microscopically
negative (R0) margins (no cancer cells identified at the re-
section margin on pathological examination) has been ac-
cepted as the most effective treatment based on the surgical
philosophy, as even a minimal number of remaining cancer
cells would develop recurrences.5,6 Although the impact of
microscopically positive (R1) margins (cancer cells present at
the resection margin on pathological examination) on survival
in GC has been discussed in many studies, inconsistent
conclusions have been reported.2,5,7-16 Kim et al15 and
Postlewait et al12 found that R1 margin was not independently
associated with survival, while Woo et al12 and Nagata et al5

revealed that it boded ill for survival. Bickenbach et al10

reported that R1 margin was an independent predictor of
worse survival but not in patients with more than three positive
nodes or T3–4 disease.

Raziee et al17 performed a systematic review examining
positive resection margins of GC by mainly exploring their
predictive factors and impact on survival. However, the review
did not distinguish R1 margins from macroscopically positive
(R2) margins (tumor tissue seen at the resection margin on
gross examination by the naked eye) and did not perform a
quantitative analysis. Another systematic review focusing on
the management of R1 margins revealed that re-operation of
R1 margins might be technically demanding and the operative
mortality risk should be balanced with the benefits of re-
operation, but the impact of further therapies (either surgical or
oncological) on the outcomes in patients with positive margins
is unknown.18 Quantitative evidence regarding whether R1
margin has a negative impact on long-term survival in GC is
limited. This aroused our interest in performing a systematic
review and meta-analysis to address this question.

The study population and patient exposure were clearly
defined and limited in the inclusion criteria of our study to
reduce confounders. R2 margin is most frequently observed in
palliative intent resection19 wherein there are many factors
deadlier than the margin status that affect survival.9 Thus, we
considered only patients who underwent curative intent re-
section (CIR) and excluded those who underwent palliative
intent surgery. Moreover, studies comparing the survival of
patients with R2 and R0 margins and that did not distinguish
between the R1 and R2 margins were excluded.20-24 Micro-
scopic margin status is sometimes different between intra-
operative frozen sections and postoperative pathological
examination.25 In many cases, R0 margin confirmed by frozen
sections can be ruled out by pathological examination.

Therefore, we considered only studies that determined the
final margin status by pathological examination and grouped
patients into R1 or R0 arm only according to their pathological
examinations, regardless of the margin status in the frozen
sections.

To the best of our knowledge, the present study is the first
meta-analysis to explore whether R1 margin determined by
postoperative pathological examination indicates worse long-
term survival in GC patients after CIR.

Materials and Methods

The present study was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (Table S1).26 The study pro-
tocol was pre-specified and registered in the International
Prospective Register of Systematic Reviews under the
code CRD42020165110. The study protocol was pub-
lished elsewhere.27

Inclusion and exclusion criteria

Studies were deemed eligible according to the PICOS ap-
proach as follows.

P: Patients who underwent CIR for treating GC
I/E: R1 margin, which indicated that cancer cells con-

firmed by pathological examination were identified at
the linear, circular, proximal, or distal resection margins

C: R0 margin confirmed by pathological examination
O: Time-to-event overall survival (OS) (primary outcome),

5-year OS rate (secondary outcome), or relevant data to
estimate these parameters

S: Studies with randomized controlled, cohort, or case-
control designs with a follow-up period of 60 months

The exclusion criteria were as follows: (1) letters to the
editor, abstract publications, case reports, mechanism studies,
reviews, commentaries, perspectives, and editorials; (2)
studies with overlapping data; and (3) studies investigating
endoscopic submucosal dissection and endoscopic mucosal
resection for GC.

Literature Search

The literature search was conducted in two stages.1 Biblio-
graphic database searches: A systematic search of PubMed,
Embase, and Cochrane Central Register of Controlled Trials
databases was performed from their inception to April 2020
without language restriction. The details of the PubMed da-
tabase search strategy and syntax are shown in Table S2.2

Search through other sources: we manually searched the
references of relevant articles to identify eligible studies.
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Data Extraction and Quality Assessment

Data extraction for the included studies was conducted by two
independent reviewers (blinded for peer-review) using the
standardized electronic data extraction form listed in Table S3.
The following data were extracted from all eligible studies:
first author, year of publication, study design, study period,
country, proportion of male patients, age (mean or median),
follow-up (mean or median), sample size, R1 margin rate, R0
margin rate, tumor size, tumor site, tumor stage, histological
grade, type of surgery, lymphadenectomy, neoadjuvant or
adjuvant treatments, and survival outcomes. If outcomes were
reported in multiple datasets, the one with the greatest number
of adjusted confounders was used. Two reviewers (blinded for
peer-review) independently assessed the methodological
quality and risk of bias of the included studies using the Risk
Of Bias In the Non-randomized Studies of Interventions
(ROBINS-I) tool.28 All disputes during the process of data
extraction and methodological quality assessment were ar-
bitrated by a third team member (blinded for peer-review).

Dealing with Missing Data

For time-to-event OS, when a hazard ratio (HR) and its upper or
lower limit of 95% confidence interval (CI) were provided by a
trial, we calculated the lnHR (the natural logarithm of HR) and
its standard error and then merged the overall HRs. When the
aforementioned data were incomplete, some or all of the var-
iables among lnHR, the observed log rank minus expected
events (O-E), the log rank variance, and the lnHR variance were
estimated by indirect methods.29 When these indirect methods
were not effective, the necessary statistics were generated from
the Kaplan–Meier curves.29,30 When a study failed to provide
the necessary statistics using the aforementioned methods, it
was omitted from the pooling process for HRs. To estimate
pooled odds ratios (ORs) for dichotomous outcomes (5-year OS
rate), we recorded data regarding the total number of partici-
pants and the incidence of events in each arm of every trial.
When these data in the full text were incomplete, the authors
were contacted for more details and studies that failed to
provide the necessary data were excluded from our analysis.

GRADE Certainty Assessment

Two reviewers (blinded for peer-review) independently as-
sessed the certainty (quality of evidence) of each outcome
using the five Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) considerations. The
certainty was analyzed in terms of five downgrade consid-
erations (study limitations, consistency of effect, imprecision,
indirectness, and publication bias) and three upgrade con-
siderations (large magnitude of effect, dose-response relation,
and plausible confounders or biases). Subsequently, it was
rated as high, moderate, low, or very low.31-38 Additionally, a
“summary of findings” table was compiled for each outcome

using the GRADEpro software (GRADEpro GDT 2015).
Disagreements during this process were resolved through
team discussion.

Statistical Analysis

The pooled estimates of the association betweenmargin status and
survival outcomes were calculated in the meta-analysis. An ob-
servedHR> 1 orOR< 1 indicated a poorer time-to-event OS or 5-
year OS rate, respectively, in patients with R1 margins. When
multiple HRs were presented in a study, the HR adjusted for the
greatest number of confounders was selected.39 Heterogeneity
among studies was measured using Cochran’s Q statistics and by
estimating the I2 value. I2 <50% or ≥50% indicated low or high
heterogeneity, respectively. A fixed-effects model was used when
heterogeneity was low; otherwise, a random effects model was
selected. Subgroup analyses were performed according to a
predetermined plan. A leave-one-out sensitivity analysis was also
performed to evaluate the robustness of the results. Publication
bias was assessed using funnel plots. All statistical tests in this
meta-analysis were performed using the RevMan software, ver-
sion 5.3 (The Nordic Cochrane Center, The Cochrane Collabo-
ration, Copenhagen, Denmark). All statistical tests were two-
tailed, and statistical significance was set at P < .05.

Results

Search Results

A flow chart of the selection process is depicted in Figure 1.
The search strategy yielded 2537 potential studies. According
to the exclusion criteria, we excluded 2300 duplicate or ir-
relevant studies by screening their titles and abstracts. The full
texts of 237 studies were assessed, and 214 studies were
excluded due to various objective reasons, for instance, 86
studies were excluded as they did not meet the “exposure” or
“population” criteria, as were 11 without sufficient data to
estimate the pooled relative effect sizes. Finally, 23 studies
were included in the meta-analysis (Table 1).

Study Characteristics and Quality Assessments

The characteristics of the included studies are summarized in
Table 1. All enrolled studies were retrospective cohort studies
with median follow-up duration varying from 20.5 to
114.8 months. A total of 19 992 patients (range: 79 to 4147)
who underwent CIR for GC treatment were included. Among
these, 6.8% (range: .9% to 59.0%) were reported to have R1
margins. Among the 23 studies, nine were conducted in
Europe, nine in Asia, three in North America, one in Australia,
and one in Latin America. All enrolled studies were pub-
lished in English. Nine studies reported time-to-event OS,
nine reported 5-year OS rates, and five reported both (Table
S4: detailed characteristics of the included studies). Twelve
studies5,7,3,12,15,16,20,40-44 reported the proportion of
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patients receiving adjuvant therapies. Among these, six
studies3,11,15,16,42,43 reported the proportions in R1 and R0
groups separately (Table 1). The results of the risk of bias
assessment using the ROBINS-I tool showed that the
overall risk of bias was low for 21 studies and moderate for
two studies (Table S5).

Overall Survival

Twelve studies3,12,15,16,17,22,43–45,47–49 reported HRs, and
the necessary statistics were extracted from the Kaplan–
Meier curves in two studies.8,9 Adding these, 14 studies
were selected to estimate pooled HR. With inter-study
heterogeneity (I2 = 84.0%, P-value of Cochran’s Q
test <.00001), a random effects model was used and the
pooled HR was 2.06 (95% CI: 1.61–2.65, low certainty)
(Figure 2(A), Table 2 and Table 3), which indicated that R1
margin predicted inferior OS.

Subgroup analyses are shown in Table 2 and Figures S1–5.
The results of all subgroup analyses suggested that R1 margin

was a prognostic factor despite heterogeneity among some
subgroups. Sensitivity analyses showed that the pooled HRs
did not substantially vary, ranging from 1.88 (95% CI: 1.51–
2.33) to 2.21 (95% CI: 1.75–2.78). However, the asymmet-
rical funnel plot indicated a potential publication bias in the
included studies (Figure 3(A)).

Five-Year OS Rate

The 5-year OS rates of the two groups were reported in 14
studies.2,5,7-9,3,40-42,46,48-51 As there was no apparent inter-
study heterogeneity (I2 = 42.0%, P-value of Cochran Q test:
.05), a fixed-effects model was selected. The pooled result
(OR = .21, 95% CI: .17–.26, moderate certainty; Figure 2(B),
Table 2, and Table 3) indicated that the presence of R1 margin
was associated with a poorer 5-year OS rate.

Subgroup analyses were conducted (Table 2 and Figures
S6–S9) and most of them confirmed that the R1 margin was
associated with a lower 5-year OS rate, except the “proximal
cancers” subgroup, which included two studies that reported a

Figure 1. Flow chart illustrating the study selection.
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pooled OR of .41 (95% CI: .10–1.61). In sensitivity analyses,
the pooled ORs ranged from .19 (95% CI: .15-.24) to .25 (95%
CI: .20–.31), demonstrating that the results did not change
significantly. Asymmetry in the funnel plot indicated a po-
tential publication bias (Figure 3(B)).

Discussion

The management of positive surgical margins is a dilemma,
considering the operative risk of a second surgery or a more
extensive primary resection and potential technical
difficulties.17,18 Cascinu et al52 suggested that a re-operation
should be considered in patients with N0 stage disease if
achieving a tumor-free resection line seems feasible. The

authors also suggested that patients with positive nodes
should be monitored closely without a need for aggressive
surgical approach because a significant difference in survival
conferred by positive and negative margins was observed
only in patients with negative nodes on definitive histological
examination (pT2–pT3 N0 stage disease) in their study.
Nagata et al5 concluded that histological margin status is
always significant in GC patients undergoing gastrectomy
and re-operation for early GC in patients with R1 margins is
recommended as R1 margins were associated with worse
survival outcomes in these patients. It is inconclusive
whether R1 margins indicate worse long-term survival in GC
patients after CIR. Thus, before weighing the risks and
benefits of re-operation as well as other aggressive

Figure 2. Forest plots of the studies to evaluate the impact of R1 margin on survival of patients with gastric cancer. (A) Overall survival (OS),
(B) 5-year OS rate.
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treatments, evidence is needed to confirm the effect of R1
margin on prognosis.

Until a prospective randomized controlled trial (RCT) is
conducted, the findings from a meta-analysis of retrospective
studies are the best evidence available.53 However, designing

a prospective experimental trial on this topic would be difficult
considering the concomitant ethical issues.54 According to the
plan in its protocol,27 the present study should have enrolled
both eligible RCTs and non-randomized studies (NRSs) and
pooled the outcomes from these two types of studies.

Table 2. Summary of Meta-Analysis Results and Subgroup Analyses.

Analysis specification Studies (n)

Study heterogeneity

Effects model
Pooled estimates
[95% CI] P valueI2 (%) P heterogeneity

OS HR
Overall 14 84 <.00001 Random 2.06 [1.61, 2.65] <.00001
1. Geographical region

Asia 5 85 <.0001 Random 2.27 [1.73, 2.97] <.00001
other regions 9 80 <.00001 2.00 [1.30, 3.08] .001

2. Tumor stage
AGC 2 75 .05 Random 2.10 [1.49, 2.97] <.0001

3. Tumor site
Proximal cancers 2 0 .44 Fixed 1.85 [1.17, 2.93] .009

4. Data extracted from
multivariate analyses 11 81 <.00001 Random 1.95 [1.47, 2.59] <.00001
univariate analyses 3 78 .01 2.59 [1.79, 3.74] <.00001

5. Lymphadenectomy
≤D1 1 N/A N/A Fixed 2.42 [1.03, 5.73] .04
≥D2 1 N/A N/A 2.41 [1.94, 3.00] <.00001

5-year OS rate OR
Overall 14 42 .05 Fixed .21 [.17, .26] <.00001

1. Geographical region
Asia 7 70 .003 Random .21 [.13, .34] <.00001
other regions 7 0 .87 .24 [.17, .34] <.00001

2. Tumor stage
EGC 3 59 .09 Random .16 [.03, .94] .04
AGC 4 0 .67 .26 [.18, .36] <.00001

3. Tumor site
Proximal cancers 2 0 .97 Fixed .41 [.10, 1.61] .20

4. Lymphadenectomy
≤D1 1 N/A N/A Fixed .21 [.10, .43] <.0001
≥D2 4 0 .60 .30 [.22, .40] <.00001

Abbreviations: OS, overall survival; 5-year OS rate, 5-year overall survival rate; CI, confidence interval; HR, hazard ratio; OR, odds ratio; EGC, early gastric
cancer; AGC, advanced gastric cancer; N/A, not applicable.

Table 3. Summary of Findings for OS and 5-Year OS Rate.

Outcomes
Relative effect
(95% CI)

No of participants
(studies)

Certainty of the
evidence
(GRADE)

OS assessed with: HR follow-up: more than 5 years HR 2.06 (1.61 to 2.64) 15526 (14 non-randomized
studies)

Lowa,b

5-year OS rate assessed with: OR follow-up: more
than 5 years

OR .21 (.17 to .26) 13726 (14 observational
studies)

Moderatec,d

Abbreviations: OS, overall survival; 5-year OS rate, 5-year overall survival rate; CI, confidence interval; HR, hazard ratio; OR, odds ratio.
aThere was heterogeneity among studies, and little overlap between confidence intervals without reasonable explanations.
bThe funnel plot showed obvious asymmetry.
cIndividual studies had been shown to have serious risk of bias in the at intervention and post-intervention stages.
dThe funnel plot showed obvious asymmetry.
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However, after study retrieval and screening, only NRSs
(specifically, cohort studies) met the inclusion criteria.
Moreover, outcomes in the present study should have included
time-to-event disease-free survival (DFS) and the 5-year DFS
rate, but only one eligible study43 reported DFS and none of
the studies reported the 5-year DFS rate. Hence, we analyzed
only the pooled estimates for time-to-event OS and 5-year OS
rate. These two points were the major compromises we made
in the formal study when compared with the protocol.

Twenty-three cohort studies with a large sample size of
19 992 patients were included in this meta-analysis. The re-
sults of this study demonstrated that largely, R1 margins were
associated with poorer survival than R0 margins. However,
based on the GRADE approach, low certainty in terms of OS
and moderate certainty in terms of the 5-year OS rate should
be considered while interpreting these results. The funnel plots
for both outcomes were asymmetrical, indicating that publi-
cation bias was strongly suspected, which downgraded the

Figure 3. Funnel plots for evaluating the publication bias. Each point represents a separate study for the indicated association. (A) overall
survival (OS); (B) 5-year OS rate. HR, hazard ratio; OR, odds ratio.
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GRADE certainties. For the 5-year OS rate, another consid-
eration for the downgrade was those two studies41,51 had a
serious risk of bias in the intervention and post-intervention
stages. Meanwhile, the large pooled effect with no plausible
confounders upgraded the quality of evidence for the 5-year
OS rate by one level (Table 3).

Positive margins were associated with more aggressive
tumor biology, including larger tumor size, deeper wall
penetration (T stage), more extensive gastric involvement,
greater number of involved nodes, advanced stage, diffuse
histology type, higher Borrmann type, and lymphatic vessel
involvement.55 In 11 of the included studies, the HRs for OS
were collected from multivariate analyses that included tumor
stage, tumor size, lymph node metastasis, age, and histological
classification as covariates and R1 margin status was found to
be an independent prognostic factor. The subgroup analysis of
these 11 studies showed that the pooled HRwas 1.95 (95% CI:
1.47–2.59), which was consistent with the overall results
(Table 2). Admittedly, the covariates considered in the mul-
tivariate analysis of each study were not exactly the same,
resulting in the pooled HR being affected by these con-
founders and consequently reducing the GRADE level of
evidence for OS.

Sensitivity analyses showed that the pooled estimates for
both outcomes were always positive and supported the R0
margin. For OS, all subgroup analyses suggested that R1
margin was an adverse prognostic factor. For the 5-year OS
rate, most subgroup analyses confirmed that R1 margin had a
negative impact, except the “tumor site” subgroup, which
contained two studies,40,41 including only patients with
esophagogastric junction (EGJ) cancer. The pooled OR of
these two studies was .41 (95% CI: .10–1.61), which probably
revealed that R1 margin had no definite effect on the 5-year
OS rate of these patients. This is consistent with the opinion of
many researchers who suggest that EGJ cancer should be
regarded as a separate neoplasm due to its distinct prognostic
and pathological features.56 Cumulatively, the prognostic
value of R1 margin was not affected as the results were not
significantly altered by most of the corresponding subgroup
and sensitivity analyses, indicating the relative robustness of
the results.

Six enrolled studies reported the proportions of patients
receiving adjuvant therapy in the R1 and R0 groups separately
(Table 1). In two of these studies, all patients in both the
groups underwent postoperative CRT. Patients in the study by
Bilici et al42 underwent fluorouracil and fludarabine-based
CRT. The authors reported that both the 3- and 5-year OS rates
of the R1 group were significantly lower. Patients in Can-
yilmaz et al’s study43 received fluorouracil and leucovorin-
based CRT. The authors reported no significant difference in
OS between the groups (HR: 1.6, 95% CI: .9–2.6), but the
DFS in the R1 group was worse (HR: 2.1, 95%CI: 1.2–3.8). In
the remaining four studies, the proportions of patients re-
ceiving adjuvant therapy were higher in the R1 group. Among
these studies, the study by Liang et al3 confirmed that the

5-year OS rate of the R1 group was significantly worse. The
remaining three studies12,15,16 reported the OS and yielded
invalid HRs, suggesting that the OS of the R1 group was not
worse than that of the R0 group. Considering this conflicting
evidence, it is difficult to know whether postoperative adju-
vant therapy for patients with R1 margins can improve their
prognosis to the level of patients with R0 margins or which
postoperative adjuvant therapy is the most suitable approach
for these patients, and these need to be verified by more in-
depth research.

Recommendations from previous studies regarding the re-
operation of positive margins also vary.55 Some authors be-
lieve that patients with positive margins should only be
watched closely,57 while others recommend re-resection for all
patients, irrespective of their stage.8 In case of early GC,
authors frequently advised re-operation but few of them re-
ported data on re-resected patients.58 For locally advanced
GC, the indication for re-operation is generally evaluated on
the basis of nodal stage. Kim et al59 found that R1 margin lost
its prognostic impact in multivariate analysis in all but in
patients with less than five positive nodes disease when D2 or
D3 lymphadenectomy was performed and thus hypothesized
re-resection for such patients. Squires et al25 resected 48
patients with R1 margins and all achieved R0 resection, these
patients showed a lower local recurrence rate, but the survival
was not better than that of patients without re-resection. At
present, there is still no evidence to guide surgeons on whether
to perform re-operation to the R1 margins. This present study
confirmed the negative effect of R1 margin on the long-term
prognosis of GC patients and indicated the potential thera-
peutic value on R1 margin. However, what are the most
suitable treatments for this group of patients still need more in-
depth and special research attention.

Despite a robust methodological process and important
findings, the present study has some limitations. All the en-
rolled studies were retrospective in nature. Thus, several in-
trinsic drawbacks such as recall and selection bias might be a
concern, which made our meta-analysis sensitive to potential
confounding variables. Second, we planned to estimate the
pooled effect sizes for DFS and 5-year DFS rate besides OS
and the 5-year OS rate. However, as only one eligible study
reported DFS and none of the studies reported the 5-year DFS
rate, this idea was not implemented. Third, substantial het-
erogeneity observed in some of the subgroups might be due to
the differences in baseline characteristics of patients, such as
the locations of R1 margins, tumor size, TMN stage, histo-
logical type, and the technical differences associated with the
surgeons. However, no further subgroup analysis of these
factors can be performed at present. Fourth, the addition of
adjuvant CRT or CT may be an important consideration for
patients with R1 margins or advanced disease because most of
the enrolled studies did not report adjuvant therapy in detail
and given that the six studies that separately reported the
proportions of patients receiving adjuvant therapy in the R1
and R0 groups differed greatly in terms of CRT or CT
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regimens. Hence, adjuvant therapy might be another poten-
tially important source of bias; however, it cannot be ad-
dressed further in this review. In addition, inconsistencies
without reasonable excuses and strongly suspected publica-
tion bias downgraded the GRADE certainties for OS, which
led it to be rated as low certainty.

Several important strengths of this study should be noted.
First, we followed the established and published protocol to
implement this study, which made the entire research process
more transparent, reasonable, and rigorous. Second, we
adopted stringent inclusion and exclusion criteria, which
excluded patients with R2 margins, with R1 margins that were
not confirmed by pathological examination, or who had un-
dergone palliative surgery, thus reducing the confounders.
Moreover, the present study indicated a consistent survival
advantage associated with R0 margins in a large sample
through a series of subgroup analyses and sensitivity analyses,
which upheld the statistical stability of this finding. All the
included studies directly compared the effects of these two
exposure factors on OS or the 5-year OS rate in similar
populations, thus avoiding the interference of indirectness on
the quality of evidence. Finally, we applied the GRADE
approach to rate the certainty of evidence and presented a
“summary of findings” table highlighting certainty of
evidence.

Conclusion

The present meta-analysis suggested that R1 margins de-
tected by histopathological examination might exhibit a high
correlation with poorer OS and 5-year OS rates in GC pa-
tients (except in those with EGJ cancers) who underwent
CIR. Surgeons should focus on achieving R0 margins to
optimize long-term survival whenever possible. To figure out
the effect of R1 margin on GC survival (especially DFS) of
different stages and histological types needs some pro-
spective studies with large sample sizes and standardized
methods. In addition, what are the most suitable treatment for
R1 margin patients also need more in-depth and special
research attention.
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