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Abstract

Background Complete resection is the only definitive

treatment available for gastric cancer. Factors associated

with positive margins and their survival effects have been

the subject of many studies, but the appropriate manage-

ment for these patients is still debated. The objective of this

review is to examine positive margins after gastric cancer

resections by exploring predictive factors, impact on sur-

vival, and optimal strategies for re-resection.

Methods A systematic electronic literature search was

conducted using Medline and EMBASE from January 1,

1998, to December 31, 2009. Studies on gastric or gastro-

esophageal junction adenocarcinoma that either investigated

the predictors for positive margin or employed multivariate

methods to analyze the survival effects of positive margins

were selected.

Results Twenty-two studies incorporating 19355 patients

were included in this review. Positive margins were asso-

ciated with larger tumor size, deeper wall penetration, more

extensive gastric involvement, greater nodal involvement,

higher stage, diffuse histology, higher Borrmann type,

lymphatic vessel involvement, and total gastrectomy.

Patient survival was independently associated with margin

status, and this survival effect was more prominent in early

cancers in most studies that performed subgroup analyses.

Conclusions The probability of acquiring positive mar-

gins is highly dependent on the biology and the extent of

the tumor. There is a significant negative effect on survival,

which is more prominent in cancers at early stages, making

re-resection or a second operation important. Patients with

more advanced disease can be offered more extensive

surgery to remove disease, but this should be balanced

against the risks of more extensive resections.

Keywords Stomach neoplasms � Surgery � Gastrectomy �
Survival rate � Prognosis � Positive margins

Introduction

According to the criteria of the International Union against

Cancer (UICC)/American Joint Committee on Cancer

(AJCC) system, curative (R0) resection is defined as the

en-bloc resection of the primary cancer completed without

any residual microscopic or macroscopic disease. If any

microscopic disease is detected at the surgical margin, the

surgery should be recognized as an R1 resection, and

macroscopic residual tumor after surgery changes the
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status to R2 [1]. Quality gastric cancer surgery, defined as

R0 resection with a lymphadenectomy that includes a

minimum assessment of 16 or more lymph nodes, should

be the surgeon’s goal in the elective setting [2, 3]. Due to

the submucosal spread of gastric cancer, a grossly normal

resection margin is often insufficient to ensure pathological

clearance; consequently, resection of 6 cm of grossly

normal adjacent tissue has been recommended when

technically feasible [4]. The prevalence of positive margins

in resected gastric cancer patients shows wide variability,

from 0.8 to 20.0% in reported series [5], and its detrimental

survival effect has been demonstrated in many studies [2,

3, 6–17]. However, the independent effect of positive

margins on long-term survival may be confounded by

coexistent advanced disease, reflected in the extent of

nodal involvement, depth of invasion, and histologic sub-

type. In addition, the criteria for re-resection in patients

with positive margins after curative-intent gastrectomy

have not been defined. Therefore, the goal of the present

study was to systematically review the literature relevant

to the surgical margin status, in order to: (1) identify the

predictive factors for positive margins, (2) assess the

effects of positive margins on survival, and (3) identify

the selection criteria for re-resection of patients with

positive margins.

Methods

Data sources

An electronic literature search was conducted in Medline

and EMBASE from January 1, 1998, to December 31,

2009, according to the search algorithm presented in the

Appendix of Supplementary material. Search terms inclu-

ded: exp Stomach Cancer/ or [((gastric or stomach) adj1

cancer$) or ((gastric or stomach) adj1 carcinoma) or

((gastric or stomach) adj1 adenocarcinoma) or ((gastric or

stomach) adj1 neoplasm$).mp.] and [((negative or resec-

tion) adj2 margin$).mp. or exp frozen section/ or exp

GASTRECTOMY/ or ((gastric or stomach) adj2

resect$).mp. [mp=title, abstract, subject headings, heading

word, drug trade name, original title, device manufacturer,

drug manufacturer name] or [omentectom$.mp. or multi-

visceral resection$.mp.] and [clinical trial/ or controlled

clinical trial/ or exp comparative study/ or meta analysis/ or

multicenter study/ or exp practice guideline/ or randomized

controlled trial/] not [Case Report/ or review]. A separate

search of the Cochrane Central Register of Controlled

Trials (1998–2009) was performed using the search term

‘‘gastric cancer’’. The literature search was limited to

English-language and primary reports. No attempt was

made to locate unpublished material.

Study selection and review process

To be eligible, studies had to meet all the following cri-

teria: (1) include patients with gastric or gastroesophageal

junction adenocarcinoma, (2) investigate predictors for

positive margins, or employ multivariate analysis methods

to analyze the effects of positive margin on survival, and

(3) be published in English in a peer-reviewed journal.

Studies were excluded according to the following criteria:

(1) reviews, meta-analyses, systematic reviews, abstracts,

editorials or letters, case reports, and guidelines, or (2)

studies involving \30 patients. If multiple studies were

published from the same set of patients, the most inclusive

one was utilized. All electronic search titles, selected

abstracts, and full-text articles were independently

reviewed by a minimum of two reviewers (NC, RC, LH,

and HR). Reference lists from review papers and relevant

articles were also examined for additional studies that met

our inclusion criteria. Disagreements on study inclusion/

exclusion were resolved with a consensus meeting of the

reviewers.

Data extraction

A systematic approach to data extraction was used to

produce a descriptive summary of participants, interven-

tions, and study findings (Table 1). The first reviewer (HR)

independently extracted the data and a second reviewer

(RC) checked the data extraction. No attempt was made to

contact authors for additional information.

Results

Studies

A total of 3608 potentially relevant abstracts were identi-

fied for preliminary review from the electronic and manual

searches; 136 articles were reviewed, and 22 were selected

for data abstraction (Fig. 1). Seven studies [2, 5, 7, 14, 18–

20] investigated both predictive factors and survival effects

of positive margins. Another 15 studies evaluated the

relationship of survival and positive margins [3, 6, 8–13,

15–17, 21–24]. In total, these studies included 19355

patients, with an R0 resection rate ranging from 27 to

91.5%, reflecting both the heterogeneity in patient inclu-

sion criteria, and the indications for surgery (Table 1).

Associations of tumor-related factors with positive

resection margin

The extracted data comparing clinical and pathological

variables between positive and negative margin resections
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are summarized in Tables 2 and 3. Margin status was the

independent variable with which other variables were com-

pared. Gender and age were not associated with margin

status in the studies that reported these data [2, 5, 19, 20].

Gastric cancer was more common in males in all studies, and

most patients were in their sixth and seventh decades of life.

Many factors related to tumor biology and stage were

found to be associated with a positive margin. Tumor

location was demonstrated to differ between positive- and

negative-margin groups. The studies by Kim et al. [2], Cho

et al. [19], Sun et al. [5], Wang et al. [20], and Cascinu

et al. [18] concluded that total gastric involvement was

significantly more common in patients with positive mar-

gins compared to those with negative margins (Table 2).

On both univariate and multivariate analyses, resections

with a positive margin were associated with larger tumor

size in the two studies that reported this variable [5, 20]

(Tables 2, 3).

Potential relevant articles identified and screened for retrieval = 3608  

Articles excluded = 114 
Irrelevant topic = 73 
Subset of major publication = 1  
No predictors of positive margins or 
multivariate analyses on survival = 34   
< 30 patients = 6 

Articles excluded based on title and abstract = 3472 

Full articles retrieved for more detailed evaluation = 136 

Articles included in this systematic review = 22 

•
•
•

•

Fig. 1 Article selection flow

Table 1 Studies evaluating margin involvement following gastric resection

References Country Total
patients

Design Inclusion %R0 % Patients
with
proximal R1

% Patients
with
distal R1

R2 cases
included
in the study?

Median follow
up (months)

Kim [2] USA 619 PI GC 92.4 3.7a 2.4a No NR

Cho [19] South Korea 2740 RI AGC 98.2 1.1 0.7 No 26 (3–132)

Sun [5] China 2728 RI GC 79.1 1.7a 2.5a Yes 39 (15–325)

Wang [20] Taiwan 1565 RI GC 91.7 NR NR No 28.6 (1.05–131.1)

Cascinu [18] Italy 259 RI GC 91.5 5.0 3.4 No NR

Chan [7] Singapore 137 RI GC 78.1 18.2b 0 No 17.5 (1.2–139.9)

Morgagni [14] Italy 89 RI GC 94.2 0.8a 2.3a Yes 69 (1–265)

An [6] South Korea 4191 RI AGC 89.8 NR NR Yes 68.2

Dicken [8] Canada 557 RMI GC 60.6 8.5c NR Yes 58 (1–108)

Piessen [23] France 215 RI GC 67.3 13.2 10.1 Yes 41 (1–138)

Mariette [13] France 94 RI EGJ AdenoCa 91.5 8.5b NR No 20.5 (6–228)

Johansson [9] Sweden 133 RI EGJ AdenoCa 75.2 NR NR Yes Death or at least 5 years

Siewert [3] Germany 1654 PMI GC 83.8 NR NR Yes 100.8d

Lello [12] Norway 356 RI GC 27 NR NR Yes 100.8 (18–310.8)d

Kycler [11] Poland 248 RI GC 68.2 NR NR Yes NR

Kodera [22] Japan 70 RI GC (Borrmann IV) 48.6 NA NA Yes 44.7 (9.2–88.3)

Kim [10] South Korea 132 RI T4 GC 32.6 NR NR Yes NR

Nazli [15] Turkey 121 RI GC NR NR NR No 20.5 (1–84)

Samson [16] Philippines 301 RI Lower half GC NR NR NR Yes 108 (24–144)

Shiraishi [24] Japan 95 RI GC 89.4 NR NR Yes 67 (12–150)

Casson [21] UK 189 RI ECe, EGJ 87.3 NR 12.6f No NR

Takahashi [17] Japan 211 RI Scirrhous GC 46.5 NR NR Yes NR

RI retrospective institutional, RMI retrospective multiinstitutional, PI prospective institutional, PMI prospective multiinstitutional, NA not applicable, NR
not reported, GC gastric cancer, AGC advanced gastric cancer, EGJ esophagogastric junction, EC esophageal carcinoma
a Both proximal and distal margins were positive
b Study only on proximal margins
c Esophageal margin
d Patients who were alive at the time of reporting
e Adenocarcinoma and squamous cell carcinoma
f Distal margin only
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T3 and T4 tumors were significantly more common in

the positive-margin group [2, 5, 7, 19, 20] (Table 2), and

higher T stage was independently associated with a posi-

tive margin on multivariate analysis in the studies by Cho

et al. [19], Sun et al. [5], Wang et al. [20], and Morgagni

et al. [14] (Table 3). In all studies that evaluated nodal

spread in univariate analysis, higher N status was signifi-

cantly more common in the positive-margin group [2, 5, 7,

14, 19, 20] (Table 2). On multivariate analyses, higher N

stage was reported as an independent risk factor for a

Table 2 Association of clinical, pathological, and surgical factors with positive resection margins on univariate analysis (p value)

Kim [2] Cho [19] Sun [5] Wang

[20]

Cascinu

[18]

Chan

[7]

Morgagni

[14]

Notes: positive resection margin

associated with

Sex NS NS NS NS – – –

Age NS NS NS NS – – –

Primary location \0.01a 0.001a \0.001 0.015 0.01 NS – Higher ratio of total gastric involvementa

Tumor size – – \0.001b 0.0001b – – NS Higher average tumor sizeb

T \0.01c 0.001d \0.001 \0.0001 – 0.013c 0.0006 Lower ratio of T1–2, higher ratio of T3–4c

Lower ratio of T2, higher ratio of T3–4d

N \0.01e 0.034f \0.001 \0.0001 – 0.022 \0.0001 Lower ratio of N1, higher ratio of N2e

Lower ratio of N0, higher ratio of N?f

Number of involved

nodes

\0.01g 0.002g 0.001g \0.0001g – – – Higher median number of involved nodesg

TNM stage \0.05h,i 0.001j – \0.0001 – 0.005k \0.0001 Lower ratio of stage II, higher ratio of stage IIIh

Lower ratio of stage IIIA, higher ratio of stage

IIIBi

Higher ratio of stages IIIB and IVj

Lower ratio of stages I–II, higher ratio of stages

III–IVk

Lauren’s \0.01l – \0.001l – – – \0.0001 Lower ratio of intestinal subtypel

Differentiation – 0.019m \0.001 0.0001 0.02 NS – Higher ratio of poor differentiation and signet ring

histologym

Borrmann type – 0.0001n \0.001 – – – 0.016 Lower ratio of types I–IIIn

Lymphatic vessel

invasion

– – \0.001o – – – – Higher ratio of vessel invasiono

Method of surgery \0.01p 0.0001p – 0.0001p – – – Higher ratio of TGp

Node dissection

method

\0.01q – – – – – NS Lower ratio of CD2 dissectionq

Number of nodes

removed

NS 0.02r NS – – – – Higher median number of nodes removedr

NS not significant, TG total gastrectomy

Table 3 Independent predictive factors for positive margins on multivariate analysis

Cho [19] Sun [5] Wang [20] Morgagni [14]

T T3–4 (OR 3.53, p = 0.015) OR 2.211, p \ 0.001,

95% CI 1.80–2.73

T2–T1 (OR 4.62, p = 0.175, 95% CI 0.51–42.03)

T3–T1 (OR 18.7, p = 0.005, 95% CI 2.40–136.21)

T4–T1 (OR 36.80, p = 0.001, 95% CI 4.09–289.04)

T4 (OR 7.38,

p = 0.01)

Tumor size – OR 1.164, p \ 0.001,

95% CI 1.11–1.22

Larger than 5 cm compared to less (OR 1.81,

p = 0.003, 95% CI 1.22–2.68)

–

N – OR 1.522, p \ 0.001,

95% CI 1.22–1.90

N1–N0 (OR 1.79, p = 0.090, 95% CI 0.91–3.50)

N2–N0 (OR 2.09, p = 0.033, 95% CI 1.70–6.83)

N3–N0 (OR 3.41, p = 0.001, 95% CI 1.70–6.83)

–

Histology – – NS Diffuse histology

(OR 3, p = 0.005)

Surgery TG (OR 2.76, p = 0.014) – NS –

CI confidence interval, OR odds ratio, TG total gastrectomy
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positive margin in the studies by Sun et al. [5] and Wang

et al. [20] only. Although all studies employed the UICC/

AJCC TNM system, the versions used were different. The

fourth edition [25], used by Kim et al. [2] and Chan et al.

[7], did not include the N3 subgroup, and node staging was

based upon the distance from the edge of the primary

tumor. In the fifth edition [1], pN staging was based on the

number of involved nodes, and pN3 was introduced as

more than 15 metastatic lymph nodes. In the 5th and 6th

editions, T4N? and N3 tumors were classified as stage IV

[1, 26]. Therefore, surgery for stage IV disease may have

been considered curative using some versions of the UICC/

AJCC system.

There were other tumor-related variables associated

with margin status. Lymphatic vessel invasion was only

evaluated in the study by Sun et al., where positive-margin

tumors were associated with invasion of lymphatic vessels

[5] (Table 2). Lauren’s classification was reported in three

studies [2, 5, 14], which observed an association between

positive margins and a diffuse histology. Morgagni et al.

further found that this association was independently

statistically significant [14] (Table 3). Supporting this,

Sun et al. [5] and Kim et al. [2] found that patients with a

negative margin more often had an intestinal subtype

gastric cancer (Table 2). Poorly differentiated tumors

were associated with a positive margin in the studies by

Cho et al. [19], Sun et al. [5], Wang et al. [20], and

Cascinu et al. [18]. In the same studies, a negative

margin resection was more commonly seen in the group

with well-differentiated tumors (Table 2). Only three

studies examined tumors by Borrmann type [5, 14, 19],

and Borrmann type IV tumors were significantly asso-

ciated with positive postoperative margins in all three

studies (Table 2).

Survival factors

Resection-line tumor infiltration was strongly associated

with survival. On univariate analysis, a positive resection

margin was a negative prognostic factor in 17 studies [2, 5,

Table 4 Survival effect of positive margins, summary of univariate and multivariate analyses. Subgroup analysis is reported if it was performed

in the study

Univariate analysis Multivariate analysis Notes

p value HRa 95% CI p value R1 or R2 versus R0a

Kim [2] \0.0001 – – 0.003

Cho [19] 0.0028 – – –

Sun [5] \0.001 – – NS

Wang [20] \0.0001 – – –

Cascinu [18] S – – –

Chan [7] \0.001b 2.94 1.68–5.16 \0.001 Esophageal marginb

Morgagni [14] \0.0001 1.5 1.08–2.08 0.0144

An [6] – R1/R2

2.478/1.582

R1/R2

2.005–3.062/0.821–3.046

R1/R2

\0.001/0.170

Dicken [8] \0.001 2.16 1.21–3.87 \0.05

Piessen [23] \0.001 – – NS

Mariette [13] 0.02 3.2c 1.1–8.9 0.03 Proximal resection marginc

Johansson [9] \0.001 R1/R2

2.16/2.82

R1/R2

1.18–3.96/1.4–5.79

0.006

Siewert [3] – R1/R2

1.6/2.0

R1/R2

1.3–1.9/1.6–2.4

\0.0001

Lello [12] – 2.8 1.5–5.3 0.001

Kycler [11] 0.0000 – – 0.0005

Kodera [22] 0.0016 1.43 0.726–2.658 NS

Kim [10] \0.001 1.771 0.699–4.486 0.006

Nazli [15] \0.001 3.216 1.682–6.148 \0.001

Samson [16] \0.01 2.5 1.2–1.9 \0.01

Shiraishi [24] \0.01 – – NS

Casson [21] NSd – – NS Distal resection margind

Takahashi [17] – 2.36 1.45–3.81 \0.05

HR hazard ratio, NS not significant, S significant
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7–11, 13–16, 18–20, 22–24] (Table 4). In only one study—

which explored the effects of distal positive margin in

esophageal and esophagogastric junction (EGJ) cancers,

with a high percentage of advanced-stage cancers—was

margin status not a survival factor [21]. Four studies did

not report the results of a univariate analysis, but showed

that a positive margin was a significant predictor of sur-

vival on adjusted analysis [3, 6, 12, 17]. A positive margin

was associated with poor prognosis as an independent

factor by multivariate analysis in 14 studies [2, 3, 6–17].

However, in 3 studies [22–24] the survival effect of a

positive margin status lost its prognostic effect after

adjustments for other confounding factors of aggressive

biology (Table 4).

The survival effects of positive margins were not uni-

versal. The studies that performed subgroup analysis to

explore these effects in different T, N, and AJCC stage

groups [2, 5, 14, 18–20] showed that margin status was a

significant independent survival factor mostly in early-stage

disease (Table 5). T stage appears to modify the degree to

which a positive margin is associated with survival [5, 14].

Sun et al. demonstrated that positive margins were a neg-

ative predictive factor in patients with T1 and T2, but not in

those with T3 and T4 tumors [5] (Table 5), whereas Mor-

gagni et al. reported that a positive margin was a survival

factor in patients with T2 and T3, but not in those with T1

and T4 tumors. In the study by Morgagni et al., all early

gastric cancer patients with positive margins presented only

lateral infiltrated margins at the suture site. Therefore, they

suggested that poor blood supply at the resection margin

may prevent cancer growth, justifying the good survival

rates for T1 patients with positive margins [14].

Comparing the groups without nodal infiltration with

those in whom nodes were involved, multivariate analysis

by Cho et al. [19] and Cascinu et al. [18] showed that a

positive margin was an independent negative prognostic

factor only in patients with no nodal involvement

(Table 5). However, other studies indicated that a positive

margin was a negative prognostic factor even in node-

positive patients [2, 5, 14]. The analysis by Kim et al.

showed that positive margins remained an independent

survival factor in patients with 5 or fewer positive lymph

nodes [2]. Likewise, in the study by Sun et al., margin

involvement was a negative prognostic factor in patients

grouped as N0 and N1 according to the UICC/AJCC 6th

edition [5]. However, Morgagni’s group was able to show

that a positive margin retained an unfavourable survival

effect even in the N2 group, by UICC/AJCC 5th edition

staging criteria [14].

In addition to T and N staging, Sun et al. [5] performed a

subgroup analysis based on overall tumor stage, concluding

that a positive margin had no independent survival effect in

advanced stage (III and IV) tumors (Table 5). Contrary to

that, Wang et al. [20] reported that margin was a survival

factor irrespective of stage, and Morgagni et al. [14] showed

that positive margins affected survival in stage III patients.

It seems reasonable to perform re-resection only in the

groups in which margin status shows survival implications.

In practical terms, this was demonstrated in only one study

of re-excision for a positive margin. Kim et al. [2] dem-

onstrated that re-excision based on frozen section results

had a positive survival benefit only in those patients with

B5 positive nodes, the same subgroup in which positive

margins were associated with survival on adjusted analysis.

Although not explicitly examined, suggestions for man-

agement of positive margins were made by other included

studies. Sun et al. recommended that frozen sections should

be performed to avoid a positive margin in T1 patients, due

to a high incidence of locoregional recurrence (40%) and

the significantly worse prognosis. They also suggested that

patients with N0–1, T1–2, stage I–II disease and positive

margins would benefit from re-resection, as the prognosis

for these patients was found to be significantly worse, and

the incidence of recurrence was high [5]. Wang et al. [20]

recommended the use of intraoperative frozen sections to

determine the extent of the resection margin. Cascinu et al.

[18] proposed reoperation for positive-margin and

N0-stage disease, and close follow up for patients with

positive lymph nodes, without the need for a more

aggressive surgical approach.

Table 5 Subgroup analysis: patient subgroups in which positive margin demonstrated an independent survival effect

Kim [2] Cho [19] Sun [5] Wang [20] Cascinu

[18]

Morgagni [14]

Patients: 619 2740 2728 1565 259 89

N B5 positive nodes (p = 0.03) N0 (p = 0.0001) N0 (p \ 0.001)

N1 (p = 0.007)

– N0

(p NR)

N0 (p = 0.001)

N1 (p = 0.003)

N2 (p = 0.009)

T – – T1 (p = 0.041)

T2 (p \ 0.001)

– – T2 (p \ 0.0001)

T3 (p = 0.002)

Stage – – I (p = 0.037)

II (p = 0.026)

Margin involvement is a survival

factor irrespective of stage

– I (p = 0.025)

III (p = 0.001)
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Discussion

The negative effects of positive margins on patient survival

and the predisposing factors for residual cancer have been

the subjects of many studies [2, 3, 5–24, 27–31]. Yet the

management of positive margins is a dilemma, considering

the risks of a second operation or a more extensive primary

resection. In this review, residual tumor at the resection

margin was evaluated from two different perspectives: the

predisposing factors for a positive margin resection, and

the effects of a positive margin on survival. In addition, this

review aimed to explore the subgroups in which a patient

with a positive margin should be offered a more extensive

primary resection if detected intraoperatively, or a re-

operation if the positive margin is determined on final

pathology assessment.

The studies included in this review were heterogeneous

in their inclusion criteria and surgical techniques (Table 1).

R2 resections were included in some, and the R0 resection

rate varied considerably among studies. In series that

excluded R2 resections, R0 rates ranged from 78.1 to 98.2%

[2, 7, 13, 15, 18, 20, 21], perhaps due to differences in

patient factors, tumor characteristics, surgical techniques,

or surgeon expertise. For instance, Cho et al. [19] attributed

their low rate of positive microscopic margins (98.2% R0

rate) to the expertise of surgeons, preoperative endoscopic

assessment, and routine frozen section examinations.

Tumor characteristics were found to be an important

predisposing factor for positive resection margins. Positive

margins were associated with more aggressive tumor biol-

ogy: larger tumor size, deeper wall penetration (T stage),

more extensive gastric involvement, greater number of

nodes involved, advanced stage, diffuse histology type,

higher Borrmann type, and lymphatic vessel involvement.

Total gastrectomy was also associated with positive margins,

which is likely a surrogate for more extensive disease. These

aggressive tumor characteristics allow the identification of

patients at risk for positive margins, and thus identify a

subset of patients in whom greater gross margins or intra-

operative frozen assessment of margin status is warranted.

Margin status is an important consideration in patients’

survival, but loses prognostic significance in patients with

advanced disease in most studies. The reason for this loss

of independent association with survival is likely the more

dominant negative survival effect of advanced stage com-

pared to margin status. Patients with advanced cancers are

more likely to die of carcinomatosis or disseminated dis-

ease than anastomotic recurrence [5].

However, there are some inconsistencies in these sur-

vival findings (Table 5). First, unlike the majority of the

studies where positive margins negatively affected survival

only in early stages, Wang et al. found that positive mar-

gins were a marker for significantly decreased survival

irrespective of tumor stage. Thus, these authors recom-

mend re-operation even for patients who are node-positive

and margin-positive [20]. Second, the subgroups in which

positive margins have independent prognostic significance

are not consistent among different studies, including N2,

T3, and stage III cancers in one study [14]. The reason

might be the number of patients, different operative tech-

nique, patient selection, or study design. Despite these

inconsistencies, it seems that margin status is associated

with survival mainly in patients with lower N and T stage.

Similarly, the prognostic importance of lymph node

involvement has been examined in series of multivisceral

resections for gastric cancer [32–35], with most finding no

survival benefit for extended resections in patients with

extensive lymph node involvement. However, in a few

patients with advanced nodal disease, long-term survival

was achieved (11% 5-year overall survival) [36].

An important caveat in the interpretation of survival

data is the extent of lymphadenectomy and the issue of

stage migration, as raised by Sano et al. [37]. They reason

that unless at least a D2 dissection is performed and N

stage is accurately assessed, the survival effects of positive

margins in N? patients cannot be accurately compared to

those in N0 patients. Furthermore, in studies which com-

pared survival in N0 stage with that in all N? cases, such

as the studies of Cho et al. [19] and Cascinu et al. [18], it

was found that although margin status may have a signif-

icant effect on survival in the subgroup with limited nodal

involvement, this effect could be masked by the poor

survival of those with more extensive nodal disease.

The results of this review can be employed to predict the

probability of positive margins, by a careful preoperative

assessment of the features which are independently asso-

ciated with positive margins (Table 3). While the patho-

logical T-stage is unknown at the time of the operation,

preoperative predictors such as tumor size, differentiation,

and endoscopic ultrasound results should influence the

grossly negative margin that surgeons aim to achieve.

Additionally, intraoperative frozen sections should be

considered to avoid positive margins. The accuracy of

frozen sections is reported to be 97.8% [38]. A positive

margin may be dealt with more easily at the time of the

initial operation, as opposed to making a decision regarding

repeat laparotomy for further resection. Although patients

with earlier stage cancers are less likely to have a positive

margin, the survival impact in early-stage patients is worse.

Therefore, the policy of frozen sections for all patients, as

advocated by Wang et al. [20], is a reasonable approach.

Recommendations regarding the management of posi-

tive margins vary. Some authors believe that patients with

positive margins should only be watched closely [27],

while others recommend re-resection for all patients, irre-

spective of their stage [20]. If a positive margin is found,
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the surgeon must balance the risks of further resection

against the benefit of an R0 resection. The additional

resection necessary to achieve negative margins ranges

from a simple resection of additional gastric tissue, to

additional resection of the esophagus, to a pancreatico-

duodenectomy. Unfortunately, achieving a negative margin

by extending the resection might not improve survival in

all patients. Therefore, it would be most reasonable to offer

re-resection or an extended resection only to those patients

in whom margin status is independently associated with

improved survival.

The majority of the studies reviewed [2, 5, 18, 19]

support the idea that lymph node status is the most

important predictor of whether a patient will benefit from

resection to negative margins. Given the retrospective

nature of the data, along with confounding indications for

performing extended resections, such as patient comor-

bidities, and patient and physician bias, it is difficult to

create strict criteria for re-resection or extended resection.

However, re-resection or extended resection appears to

have the most obvious survival benefit in N0, N1, and

earlier T-stage patients.

Only 2 of the papers reviewed reported the utility of

adding neoadjuvant chemotherapy to surgery [9, 13], but

they did not discuss whether this could decrease positive

margin rates. There is no evidence that downstaging, uti-

lizing preoperative chemotherapy or chemoradiation,

reduces the incidence of positive margins, or improves

survival. Kim et al. [2] have shown that postoperative

radiation and chemotherapy are not effective in improving

the survival of patients with positive margins. However, in

patients in whom positive margins are an obvious concern

on preoperative investigations, the involvement of a mul-

tidisciplinary team is of utmost importance [39].

The major limitation of the present review is the het-

erogeneity of the included studies in terms of their data

collection, inclusion criteria, variables, and staging sys-

tems. Additionally, study designs were mostly retrospec-

tive single-institution series. The addition of neoadjuvant

or adjuvant chemotherapy or chemoradiation may be an

important consideration for patients with advanced disease,

but could not be addressed in this review. Given the

inconsistencies of the relationship between stage and sur-

vival benefits, future prospective studies are needed to

definitively answer the question of which patients will

benefit from re-excision.

In conclusion, this review demonstrates that a complex

interaction of tumor biology, cancer stage, and surgical

technique affects the probability of positive surgical mar-

gins and patient survival. Among biologic determinants, T

stage, N stage, tumor size, and histology are independent

predictive factors of positive margins and can be evaluated

preoperatively, to anticipate confronting a positive margin.

Intraoperative frozen sections should be performed to

decrease the occurrence of postoperative detection of

positive margins in patients undergoing curative gastrec-

tomy. The effect of margin status on survival seems to be

most prominent for patients with earlier stage disease

(N0–1 and T1–2), and these patients are the best candidates

for re-resection, or a second operation. Patients with more

advanced disease can be offered more extensive surgery to

remove disease, but this should be balanced against the

risks of more extensive resections.
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