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Abstract

Background Surgery for perforated gastric cancer has a

dual purpose: treating life-threatening peritonitis and cur-

ing gastric cancer. An emergent one-stage gastrectomy

may place an undue burden on patients with a poor general

status and could impair long-term survival even if the

gastric malignancy is curable. A two-stage gastrectomy, in

which the initial treatment of peritonitis is followed by

elective gastrectomy, can accomplish both desired

purposes.

Methods We retrospectively analyzed 514 Japanese cases

of perforated gastric cancer. 376 patients underwent a one-

stage gastrectomy and 54 patients underwent a two-stage

gastrectomy. We evaluated patient characteristics, surgical

outcomes, postoperative complications, and survival rates

in both groups.

Results The two-stage gastrectomy group saw a 78.4 %

rate of curative R0 resection and 1.9 % hospital mortality

rate, while corresponding rates in the one-stage gastrec-

tomy group were 50 and 11.4 %, respectively. Among

cases in which curative R0 resection was performed, there

was no significant difference in overall survival between

136 one-stage gastrostomies and 40 two-stage gastrosto-

mies. In a multivariate analysis, curative R0 resection

[hazard ratio (HR) 2.937, p = 0.001] and depth of tumor

invasion (HR 1.179, p = 0.016) were identified as inde-

pendent prognostic factors.

Conclusions Regardless of whether patients underwent a

one-stage or two-stage gastrectomy, curative R0 resection

improved survival in patients with perforated gastric can-

cer. When curative R0 resection cannot be performed in the

initial treatment phase due to diffuse peritonitis, non-

curative and palliative gastrectomy should be avoided, and

a two-stage gastrectomy should be planned following

peritonitis recovery and detailed examinations.
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Introduction

Gastric perforation is one of the most frequent causes of

acute abdomen [1]. In general, gastrointestinal perforation

is suspected based on certain clinical symptoms (e.g.,

abdominal rebound tenderness or muscular guarding with

high-grade fever), and confirmed by imaging modalities

including abdominal computed tomography (CT). When

diffuse peritonitis due to gastrointestinal perforation is

diagnosed, emergent surgery is necessary without further

detailed preoperative examinations. The main cause for

gastric perforation is gastric ulcer, but approximately 10 %

of the cases are caused by gastric cancer [2]. Moreover,

perforated gastric cancer is responsible for less than 1 % of

cases of acute abdomen [2]. It is difficult to diagnose

perforated gastric cancer, because its preoperative symp-

toms are the same as those of perforated gastric ulcer [3, 4].

Furthermore, it may be difficult to distinguish a gastric

ulcer from gastric cancer at the time of surgery, especially

if an intraoperative frozen section is unavailable, except in

cases with obvious metastatic tumors [5].

The diagnosis and treatment of perforated gastric cancer

is difficult. At one time, emergent one-stage gastrectomies

were generally performed for gastric perforation with
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diffuse peritonitis, regardless of whether the disease was

benign or malignant [6]. One-stage gastrectomy, however,

was found to be associated with high mortality rates

(0–50 %) [6]. Moreover, sufficient lymph node dissection

is difficult to achieve during an emergent surgery for per-

forated gastric cancer, which may impair long-term sur-

vival due to recurrence [6]. In patients with a poor clinical

condition, simple closure and omental patch repair is a

suitable procedure. If the perforation was caused by cancer,

however, the risk of secondary leakage due to reperforation

cannot be excluded [7]. Therefore, a standard surgical

treatment for perforated gastric cancer has not been

established, and the surgical approach is decided on a

patient-by-patient basis, depending on the extensiveness of

gastric malignancy and degree of peritonitis.

In this systematic review, we analyzed the surgical

treatment outcomes of perforated gastric cancer in Japa-

nese cases. We particularly focused on the differences

between the surgical approaches of the one-stage gastrec-

tomy and the two-stage gastrectomy.

Materials and methods

A search of the Japanese literature for case reports was

conducted in the ICHUSHI-Web database (Japan Medical

Abstract Society) from 1983 to 2009, complemented by

manual searches of references from relevant articles from

1979 onwards where necessary. Search terms included

‘‘Gastric Cancer’’ and/or ‘‘Perforation’’, excluding cases

described only in proceedings and iatrogenic gastric per-

foration related to endoscopic submucosal dissection for

early gastric cancer. In case of multiple publications or

overlapping data sets, only cases from the most recent

reports were analyzed. A total of 514 cases (115 case

reports in Japan) of perforated gastric cancer reported in

the Japanese literature were extracted and used for the

analysis [8–122] (Fig. 1). In each case, patient character-

istics, the timing of the surgical treatment, operative pro-

cedure, curability, hospital mortality, and postoperative

survival were examined. Absent data in individual cases

were treated as missing values and excluded. The depth of

invasion (T-factor), lymph node metastasis (N-factor),

peritoneal dissemination (P-factor), area of regional lymph

node dissection (D-number), staging, tumor location (U,

upper region; M, middle region; L, lower region), and

histological classification were determined on the basis of

the General Rules for the Japanese Classification of Gastric

Carcinoma, 13th Japanese edition and 2nd English edition

[123]. The Union for International Cancer Control (UICC)

R-factor was applied for quantification: no residual cancer

(R0), microscopically residual cancer (R1), and macro-

scopically residual cancer (R2), respectively.

Pearson’s Chi square test and the Mann–Whitney U test

were used for statistical analysis. The Kaplan–Meier

method was used for survival analysis and the log-rank test

was used to examine significant differences. A multivariate

analysis, using the Cox proportional hazards model, was

performed to assess the influence of clinicopathological

variables on death. Statistical significance was defined as a

p value \ 0.05. All statistical analyses were performed by

using Dr. SPSS II for Windows (Statistical Package for

Social Science, release 11.0.1J, SPSS Japan Inc, Tokyo,

Japan).

Results

Classification of the cases

The treatment courses of all 514 cases were classified as

shown in Fig. 1. Initial conservative treatment was per-

formed in 12 of the 514 cases, because peritonitis was

limited and subsequent elective gastrectomy could be

planned following peritonitis recovery. After recovering

from peritonitis, 10 of the 12 cases underwent gastrectomy

(classified as the two-stage gastrectomy group, Fig. 1).

Among the 502 perforated gastric cancer patients in whom

emergent surgery was the initial treatment, precise records

on the timing of perforated gastric cancer diagnosis were

available in 355 cases; out of those, 158 cases (44.5 %)

Fig. 1 Scheme of the classification of perforated gastric cancer
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were diagnosed by examining preoperative clinical find-

ings; 106 cases (29.9 %) by examining the intraoperative

surgical findings; and 91 cases (25.6 %) by postoperative

detailed examination after the initial surgery. Of the 502

cases treated with emergent surgery, 388 cases underwent

gastrectomy and 114 cases underwent simple closure or

omental patch repair. Among the 388 cases treated with

gastrectomy, 376 gastrectomies were completed in one

stage (classified as the one-stage gastrectomy group,

Fig. 1) and 12 cases required a second surgery for addi-

tional resection of the stomach or regional lymph nodes

(classified as the two-stage gastrectomy group, Fig. 1). Of

the 114 cases treated by performing simple closure or

omental patch repair at the initial surgery, 76 received no

additional surgical treatment due to insufficient recovery

from diffuse peritonitis or detection of non-curative factors

such as a locally advanced invasive tumor or obvious

metastasis. A second surgery was attempted in the

remaining 38 cases. Secondary gastrectomy was performed

in 32 of these 38 cases (classified as the two-stage gas-

trectomy group, Fig. 1), but not in the remaining 6 cases

because of advanced stage disease with adjacent organ

invasion or diffuse peritoneal metastasis. Overall, the two-

stage gastrectomy group (n = 54) comprised 10 cases of

gastrectomy following conservative treatment, 12 cases

treated with additional resection of the stomach or regional

lymph nodes following the initial surgery, and 32 cases of

gastrectomy following initial surgical treatment by simple

closure or omental patch repair (Fig. 1). Of these 54 cases,

6 were diagnosed with perforated gastric cancer before or

at the initial surgery and underwent a two-stage surgery

because additional resection of the proximal margin of the

stomach or regional lymph nodes was needed to complete

the R0 resection. In the remaining 47 cases, gastric cancer

could not be diagnosed either prior to or at the initial

surgery. Two-stage gastrectomy with lymph node dissec-

tion was performed in these patients after histological

diagnosis in a resected specimen. Only one case was

excluded because the reason for the second surgery was

unclear.

Characteristics of the two groups

Although gender, tumor location, and histological classi-

fication were equally distributed between the two groups,

the one-stage gastrectomy group showed older patients

(p \ 0.001), greater invasiveness in terms of the T-factor,

an indicator of the depth of tumor invasion (p = 0.010),

and more advanced Stage grouping (p \ 0.001) than the

two-stage gastrectomy group (Table 1). The one-stage

gastrectomy group also tended to show greater invasive-

ness in terms of the N-factor, an indicator of lymph node

metastasis (p = 0.054), and the P-factor, an indicator of

peritoneal dissemination (p = 0.071) (Table 1).

Surgical treatment outcomes

The rate of curative R0 resection was 50 % in the one-stage

gastrectomy group (Table 2). Among the 268 cases in the

one-stage gastrectomy group who had precise records of

lymph node dissection, D0 dissection was performed in 100

cases (37.3 %), D1 dissection in 91 cases (34.0 %), and D2

or D3 dissection in 77 cases (28.7 %). In the two-stage

gastrectomy group, the rate of curative R0 resection was

Table 1 Characteristics of the cases with perforated gastric cancer

Characteristics One-stage

gastrectomy

[% (number

of patients)]

Two-stage

gastrectomy

[% (number

of patients)]

p value

Median age, range (years) 64.0 (25–93) 56.0 (24–89) \0.001

Gender

Male 74.6 (247/331) 81.5 (44/54) 0.228

Female 25.4 (84/331) 18.5 (10/54)

Tumor Location

U 9.7 (25/259) 15.6 (7/45) 0.132

M 49.0 (127/259) 55.6 (25/45)

L 41.3 (107/259) 28.8 (13/45)

Histological classification

Differentiated-typea 49.6 (173/349) 43.4 (23/53) 0.478

Undifferentiated-typeb 50.4 (176/349) 56.6 (30/53)

T-factor

T1 9.6 (33/346) 25.9 (14/54) 0.010

T2 30.9 (107/346) 35.2 (19/54)

T3 49.4 (171/346) 31.5 (17/54)

T4 10.1 (35/346) 7.4 (4/54)

N-factor

N0 23.3 (72/309) 36.5 (19/52) 0.054

N1 28.5 (88/309) 32.7 (17/52)

N2 35.0 (108/309) 25.0 (13/52)

N3 13.2 (41/309) 5.8 (3/52)

P-Factor

P0 76.5 (238/311) 86.3 (44/51) 0.071

P1 23.5 (73/311) 13.7 (7/51)

Stage

I 18.5 (60/324) 35.3 (18/51) \0.001

II 8.6 (28/324) 21.6 (11/51)

III 33.0 (107/324) 19.6 (10/51)

IV 39.9 (129/324) 23.5 (12/51)

a Differentiated-type: papillary adenocarcinoma, tubular

adenocarcinoma
b Undifferentiated-type: poorly differentiated adenocarcinoma, sig-

net-ring cell carcinoma, mucinous adenocarcinoma
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78.4 % (Table 2). D0 lymph node dissection was performed

in 5 cases (10 %), D1 in 9 cases (18 %), and D2 or D3 in 36

cases (72 %). The rates of R0 resection (p \ 0.001) and D2

lymph node dissection (p \ 0.001) were significantly higher

in the two-stage gastrectomy group.

Of the 376 one-stage gastrectomy cases, postoperative

hospital death occurred in 42 cases, with a mortality rate of

11.4 % (Table 2). Among the 42 cases with postoperative

hospital death, 7 cases were after R0 resection, 21 cases were

after R1/2 resection, and the remaining 14 cases were not

classified due to the lack of description. Of the 54 two-stage

gastrectomy cases, only one case experienced anastomotic

leakage at the esophagojejunostomy after initial total gas-

trectomy. After recovering from this complication, the case

underwent additional lymph node dissection as a secondary

surgery. Two cases experienced anastomotic leakage at the

esophagojejunostomy after the second surgery. One case

underwent additional total resection of the remnant stomach

following distal gastrectomy, and another case underwent

total gastrectomy following omental patch repair. In the two-

stage gastrectomy group, postoperative hospital death occur-

red in only one case due to acute respiratory distress syndrome

after two-stage total gastrectomy following omental patch

repair, and the mortality rate was therefore 1.9 % (Table 2),

which was significantly lower than the mortality rate in the

one-stage gastrectomy group (p = 0.010).

Survival and prognosis

The survival rate of the 176 cases with curative R0 resection

(136 cases from the one-stage gastrectomy group and 40

cases from the two-stage gastrectomy group) significantly

exceeded that of the 147 cases with non-curative R1 and 2

resections (136 cases from the one-stage gastrectomy group

and 11 cases from the two-stage gastrectomy group)

(p \ 0.001, Fig. 2). There was no significant difference in

the survival rates of the R0 resection cases between the one-

stage and the two-stage gastrectomy groups (p = 0.300,

Fig. 3). Likewise, no survival differences were identified

between the two surgical approaches with regards to non-

curative R1 and 2 resections (p = 0.128, Fig. 4).

Prognostic factors were analyzed in 430 patients who

underwent gastrectomy, including both the one-stage and

two-stage gastrectomy groups. In a multivariate analysis,

curability (hazard ratio (HR) = 2.937, p = 0.001) and

T-factor (HR = 1.179, p = 0.016) were significant factors,

whereas no significant difference was observed for surgical

treatment (Table 3).

Discussion

Perforated gastric cancer is rare, accounting for less than

5 % of all gastric cancers [3, 7]. The disease is not only

rare, but also difficult to diagnose before and at surgery.

Generally, when emergent surgery was performed, detailed

Table 2 Surgical treatment outcomes of perforated gastric cancer

Factors One-stage

gastrectomy

[% (number

of patients)]

Two-stage

gastrectomy

[% (number

of patients)]

p value

Lymph node dissection

D0 37.3 (100/268) 10.0 (5/50) \0.001

D1 34.0 (91/268) 18.0 (9/50)

D2, D3 28.7 (77/268) 72.0 (36/50)

Curability

Curative (R0) 50.0 (136/272) 78.4 (40/51) \0.001

Non-curative (R1, R2) 50.0 (136/272) 21.6 (11/51)

Postoperative Mortality 11.4 (42/376) 1.9 (1/54) 0.010

Fig. 2 Survival curve for patients who underwent curative (R0) or

non-curative (R1 and 2) resection, including both one-stage and two-

stage gastrectomy

Fig. 3 Survival curve for patients who only underwent R0 resection

with one-stage and two-stage gastrectomy
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examinations for gastric cancer could not be conducted

preoperatively, as patients were in poor systemic condition

due to diffuse peritonitis. Furthermore, it is difficult to

distinguish between a benign gastric ulcer and gastric

cancer, because inflammatory changes associated with

peritonitis resemble those caused by invasion of a local

tumor and lymph node metastases [5]. In many emergent

surgeries, detailed examinations such as intra-operative

histological diagnoses by using frozen sections or intra-

operative endoscopy could not be performed. The preop-

erative diagnostic rate in perforated gastric cancer has been

reported to be 29–57 % [4, 124].

Surgical treatment for perforated gastric cancer has two

opposing purposes. One is as a life-saving and damage-

control surgery for diffuse peritonitis and the other is the

removal of malignant tissues without leaving residual parts

behind. Even if gastric cancer can be successfully diag-

nosed preoperatively or intra-operatively, it is still difficult

to determine the optimal treatment. Thus, suitable treat-

ment should be planned depending on the severity of

peritonitis, stage of malignancy, presence of comorbidity,

and curability in each case.

It had been thought that such patients could be rescued

and offered good palliation by emergent one-stage gas-

trectomy [4, 125, 126]. One-stage radical gastrectomy with

possible extensive lymphadenectomy was recommended, if

permitted by the patient’s general condition, because if

treated with only simple closure or omental patch repair,

tissue fragility and poor healing in the surrounding tissue

Fig. 4 Survival curve for patients who only underwent non-curative

R1 or R2 resection with one-stage and two-stage gastrectomy

Table 3 Multivariate analyses

of prognostic factors for

perforated gastric cancer

HR hazard ratio, CI confidence

interval
a Differentiated-type: papillary

adenocarcinoma, tubular

adenocarcinoma
b Undifferentiated-type: poorly

differentiated adenocarcinoma,

signet-ring cell carcinoma,

mucinous adenocarcinoma

Variable n 5-year survival (%) Univariate p Multivariate

HR 95 % CI p

T-factor

T1-2 173 44.4 \0.001 1 0.016

T3-4 227 11.6 1.179 1.111–2.848

N-factor

N0-1 196 38.2 \0.001 1 0.335

N2-3 165 12.8 1.262 0.787–2.023

P-factor

P0 282 32.8 \0.001 1 0.985

P1 80 6.2 0.995 0.621–1.596

Stage

Stage I–II 117 58.2 \0.001 1 0.102

Stage III–IV 258 10.0 1.704 0.899–3.228

Histological classification

Differentiated-typea 198 23.6 0.704 1 0.407

Undifferentiated-typeb 207 26.3 0.86 0.602–1.229

Surgical treatment

One-stage 376 24.3 0.003 1 0.263

Two-stage 54 39.3 0.722 0.409–1.276

Lymph node dissection

D0-1 205 22.7 0.002 1 0.509

D2-3 116 37.4 1.163 0.743–1.189

Curability

Curative (R0) 176 47.5 \0.001 1 0.001

Non-curative (R1, R2) 147 1.9 2.937 1.589–5.431
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might result in leakage at the site of perforation [7], and

severe adhesion in the peritoneal cavity could be predicted

at the second surgery after the initial surgery [125]. How-

ever, in this study, we found that in the Japanese perforated

gastric cancer series, one-stage gastrectomy had a high

mortality rate (11.4 %) and low curative resection rate

(50 %). Moreover, patients with non-curative R1/2 resec-

tion tended to show more frequent postoperative mortali-

ties than those with curative R0 resection. These results

suggest that it is necessary to reconsider the surgical

indication for planned non-curative and palliative one-

stage gastrectomy.

Regardless of whether one-stage or two-stage gastrec-

tomy is employed, the most important goal of surgical

treatment for perforated gastric cancer is to achieve cura-

tive R0 resection, the same as in non-perforated common

gastric cancer [6]. When curative resection was possible,

the median survival time was 75 months and the 5-year

survival rate was about 50 % in perforated gastric cancer

[6]. Several reports on perforated gastric cancer showed a

significantly better prognosis for patients who underwent

curative resection than those who underwent non-curative

resection [5, 124, 127]. In the present analysis, the survival

rate was better for patients who underwent curative R0

resection than those who underwent non-curative R1 and

R2 resections, regardless of whether the surgical approach

was one-stage or two-stage gastrectomy. Furthermore,

multivariate analysis supported the importance of the

curative R0 resection as a prognostic factor. Although

curative R0 resection by one-stage gastrectomy is consid-

ered to be a necessary and sufficient procedure for

achieving the dual purpose of treating peritonitis caused by

gastric perforation and resecting gastric malignancy, there

are many cases who did not undergo curative R0 resection

at the initial surgery due to diffuse peritonitis or insufficient

examinations [3]. For such cases, two-stage gastrectomy

could improve the possibility of undergoing a future

curative R0 resection after recovering from the diffuse

peritonitis or undergoing a detailed sufficient examination

including histological diagnosis.

Lehnert et al. [5] recommend that the initial surgery

should be directed toward the treatment of peritonitis, and

radical oncological surgery for gastric cancer should be

planned following patient recovery and a histological

confirmation of malignancy. In addition, they also sug-

gested that one-stage radical gastrectomy be conducted in

restricted situations, because it is difficult to predict the

burden of one-stage radical gastrectomy on patients. They

defined the criteria for one-stage gastrectomy as follows:

(1) when gastric cancer has been diagnosed; (2) when the

patient’s general condition is good and there is no risk of

surgical complications; and (3) when the peritonitis is not

diffuse [5]. In the present analysis of 32 cases undergoing

simple closure or omental patch repair at the initial surgery,

no leakage from the site of closure had occurred. In addi-

tion, the mortality rate for two-stage gastrectomy was

1.9 %. We further observed a higher proportion of patients

who underwent D2 dissection and curative R0 resection in

the two-stage gastrectomy group than in the one-stage

gastrectomy group. Moreover, our analysis of the overall

survival rates, including cases of postoperative hospital

mortality, revealed similar survival rates for the 2 groups,

even though the postoperative mortality rates were signif-

icantly different. One possible explanation for this was that

the oncological tumor progression was better reflected in

the overall survival rate than in the postoperative mortality

rate. In other words, even if the patients who underwent

one-stage gastrectomy overcame the postoperative com-

plications, such as in-hospital mortality, long-term survival

was not drastically better than that observed after two-stage

gastrectomy. Therefore, the possible prevention of post-

operative hospital death could be a reason for the selection

of two-stage gastrectomy, especially in cases of diffuse

peritonitis. Overall, the results of the present analysis

espouse the recommendations of Lehnert et al. and suggest

that two-stage gastrectomy should be taken into account to

avoid non-curative R1/2 resections and decrease the risk of

surgical complications, especially in the situation of diffuse

peritonitis or insufficient examinations. However, we were

unable to determine definitely which treatment is more

suitable for perforated gastric cancer, because some patient

characteristics were not equally distributed between the

one-stage and two-stage gastrectomy groups. The one-

stage gastrectomy group included older patients, with more

invasive tumor depth, and more advanced staging than the

two-stage group, as shown in Table 1.

Laparoscopic surgery has become available as a treat-

ment for perforation of the upper gastrointestinal tract,

especially in recent cases of perforated peptic ulcer [128,

129]. In our analysis, 5 of the 54 two-stage gastrectomy

cases underwent laparoscopic omental patch repair at the

initial surgery [101, 102, 107, 112, 115]. For perforated

gastric cancer, a laparoscopic approach at the initial sur-

gery could be useful because of the ease it provides for

observing the whole abdominal cavity, which might be

difficult in open laparotomy. Furthermore, a laparoscopic

approach at the initial surgery can reduce tissue adhesion in

the abdominal cavity and make it easier to perform a

second surgery as a two-stage gastrectomy.

This retrospective analysis had some limitations. First,

the degree of peritonitis, which is an essential factor for

deciding on a suitable course of treatment, had not been

investigated sufficiently due to the lack of available infor-

mation. For the same reason, we could not fully investigate

and discuss the rate and pattern of recurrence. Tsujimoto

et al. [2] showed that there were no significant differences in
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the recurrence rate and pattern between perforated and non-

perforated gastric cancer. Several other publications also

showed that peritoneal contamination due to perforation did

not adversely affect survival in perforated gastric cancer [5,

6, 124]. Second, uneven levels of diagnosis and treatment at

different centers might have affected the results of this

study. Until now, only 30 cases of perforated gastric cancer

at most had been reported from a single institution [4].

Therefore, in this analysis, we collected and investigated as

many cases as possible from multiple centers for a systemic

view of the results. Previous multicenter analyses of

numerous cases of perforated gastric cancer have not been

reported. To the best of our knowledge, this is the first report

of a multicenter analysis of the treatment outcome of two-

stage gastrectomy for perforated gastric cancer.

In conclusion, the most important goal for perforated

gastric cancer is to achieve curative R0 resection, regard-

less of whether the surgical approach is a one-stage or two-

stage gastrectomy. The best surgical approach for perfo-

rated gastric cancer is the one that can raise the probability

of gaining curative R0 resection safely to the greatest

extent, and the physician’s decision on whether to perform

a one-stage or two-stage gastrectomy should be made on

the basis of these perspectives. When gastric cancer can be

diagnosed before or at surgery, one-stage gastrectomy

should be performed in cases with limited peritonitis that

can be expected to achieve curative R0 resection. However,

if curative R0 resection cannot be expected due to diffuse

peritonitis, it is important to avoid non-curative and palli-

ative gastrectomy and plan treatment only for the perito-

nitis at the initial surgery, and then plan a two-stage

gastrectomy after detailed examinations.
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