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Abstract

Objective There is no scientific consensus about the treatment of perforated gastric cancer (PGC). Therefore, the aim
of this study was to investigate which is the better treatment option for PGC between the single-stage and two-stage
strategies.

Methods All 81 PGC patients from 13 medical institutions were retrospectively enrolled in this study. The PGC
patients who underwent RO gastrectomy were divided into one-stage surgery and two-stage surgery groups. The
clinicopathological characteristics of the two groups were compared, and 415 regular gastric cancer patients with-
out perforation were randomly selected as a control. The propensity score matching (PSM) method was used to find
matched regular GC patients with similar clinicopathological parameters. The OS (overall survival) and the number
harvested lymph nodes from PGC patients and regular GC patients were compared.

Results Compared with PGC patients who underwent one-stage surgery, those who underwent two-stage surgery
harvested significantly more lymph nodes [31(27, 38) vs 17 (12, 24), P<0.001], required less blood transfusion [0 (0,
100) vs 200 (0, 800), P=0.034], had a shorter ICU stay [0 (0, 1.5) vs 3 (0, 3), P=0.009], and had a significantly better OS
(Median OS: 45 months vs 11 months, P=0.007). Compared with propensity score-matched regular GC patients with-
out perforation, PGC patients who underwent one-stage gastrectomy had a poorer quality of lymphadenectomy [17
(12,24) vs 29 (21, 37), P<0.001] and suffered a worse OS (Median OS: 18 months vs 30 months, P=0.024). Conversely,
two-stage gastrectomy can achieve a comparable quality of lymphadenectomy (P=0.506) and a similar OS (P=0.096)
compared to propensity score-matched regular GC patients.
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Conclusions For PGC patients in poor condition, two-stage treatment is a better option when D2 radical gastrec-
tomy cannot be achieved in emergency surgery, based on our findings that two-stage gastrectomy could provide
PGC patients with a better quality of lymphadenectomy and a better OS.

Keywords Perforated gastric cancer (PGC), Radical gastrectomies, Propensity score matching (PSM), Overall survival

(0S), Lymphadenectomy

Instruction

Gastrointestinal perforation caused by gastric cancer is
a rare complication with significant in-hospital mortal-
ity. Less than 3% of gastric cancer patients develop per-
foration, which is the second most common oncologic
emergency after severe bleeding [1, 2]. The spontaneous
perforation brought on by gastric cancer might result in
serious abdominal infections that can even be fatal [3].
When diffuse peritonitis due to gastrointestinal perfora-
tion is diagnosed, emergency surgery must be scheduled
as soon as possible. As a result, a detailed preoperative
examination is often omitted [4].

Any gastric perforation should raise the suspicion of
gastric cancer. However, only one third of patients with
perforated gastric cancer (PGC) can be diagnosed preop-
eratively. The pathological diagnosis of malignancy can
only be determined by intraoperative pathological biopsy
or postoperative pathology. As a result, in emergency sur-
gery, it would be a challenge for surgeons to achieve radi-
cal gastrectomy with high quality of lymphadenectomy,
either because the pathological diagnosis of malignancy
is not confirmed or because the patient’s poor condition
does not allow for extended surgery.

Unfortunately, there is currently no widely accepted
standardized treatment for PGC patients, and surgeons
are challenged to make surgical strategies for them. In
general, there are two strategies for the treatment of per-
forated gastric cancer: one is to perform radical gastrec-
tomy directly based on intraoperative findings or frozen
pathology results, defined as the one-stage strategy; the
other is to perform primary perforation repair followed
by second-stage radical gastrectomy, defined as the two-
stage strategy. However, it is currently controversial as
to which procedure provides a better outcome for PGC
patients. The two-stage procedure may be a better option
for these patients. First, the pathological diagnosis and
tumor staging can be determined during the initial per-
foration repair. Subsequently, a radical gastrectomy can
be planned when the patient has recovered from the
peritonitis.

In this retrospective study, we aim to investigate the
impact of different surgical strategies on the short and
long term prognosis of PGC patients, and which type of
surgical strategy may provide a better outcome and what
the mechanisms may be.

Materials and methods

Study population and inclusion/exclusion criteria

We retrospectively collected the records of 81 patients
with PGC from thirteen high-level medical institutions
between January 2010 and June 2021. All patients’ biop-
sies were confirmed as gastric adenocarcinoma. Patients
were excluded if (1) gastric perforation was related to
endoscopic submucosal dissection (ESD); (2) clinical
parameters, clinical follow-up or survival information
were missing; (3) postoperative pathology confirmed a
pathological gastric perforation caused by pathological
types other than gastric adenocarcinoma, such as gas-
tric lymphoma or metastatic tumor of other origins; (4)
GC accompanied by perforation of a concomitant gastric
ulcer. In the end, 74 patients were enrolled in the analysis.

At the same time, a total of 2273 regular GC patients
from Peking University First Hospital (PKUFH) and
Peking Union Medical College Hospital (PUMCH) were
studied, gastric adenocarcinoma was confirmed in all
patients’ biopsies, and all patients were sorted by order
of hospital admission. We generated 500 random num-
bers as a control subgroup of the cohort using the RAND
function in Microsoft Excel. The randomly selected
500 cases excluded early gastric cancer patients under-
went ESD, advanced gastric cancer patients treated with
chemotherapy only, patients with missing clinical data,
clinical follow-up and survival information. Finally, 415
GC patients without perforation were randomly selected
from the clinical database as a control subgroup.

The clinical parameters of the patients we collected
included the gender and the age of the patients, surgical
procedure, tumor diameter, tumor differentiation, tumor
location (upper middle or lower 1/3 of the stomach), the
depth of invasion (T stage), lymph node metastasis (N
stage), distant metastasis (M stage), curability, node dis-
section (D-number), blood transfusion volume (for two-
stage gastrectomy, transfusion volume was composed
of the total transfusion volume of both the emergency
and the radical operations, including red blood cells
and plasma), harvested lymph nodes, hospital mortality,
chemotherapy status, and postoperative survival.

Surgery and outcome measures
All 13 participating medical institutions are certified as
high-level comprehensive tertiary care hospitals by the
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Chinese National Health Authorities. Surgical resec-
tions were divided into subtotal and total gastrectomy,
and D1, D1+or D2 lymphadenectomy was performed
at each center according to the lymph node classification
of the Japanese Gastric Cancer Association [5]. For total
gastrectomy, the D1 lymphadenectomy includes: Nos.
1-7. The D1+ lymphadenectomy includes: D1+ Nos. 8a,
9, 11p. The D2 lymphadenectomy includes: D1+ Nos.
8a, 9, 11p, 11d, 12a. For distal gastrectomy, the D1 lym-
phadenectomy includes: Nos. 1, 3, 4sb, 4d, 5, 6, 7. The
D1 +lymphadenectomy includes: D1+Nos. 8a, 9. The
D2 lymphadenectomy includes: D1+ Nos. 8a, 9, 11p, 12a
[5]. In addition, completeness of gastrectomy was deter-
mined using the UICC residual tumor (R) classification,
where RO represents no residual cancer cells, R1 repre-
sents microscopic residual cancer cells, and R2 repre-
sents macroscopic residual cancer tissue, respectively
[6]. Overall survival (OS) was assessed by telephone
interview.

Propensity score-matching (PSM) analysis

A PSM analysis was employed to control for potential
baseline bias in the baseline of PGC patients or regular
GC patients who underwent RO surgery. This approach
removed the bias associated with a multivariate model
and analysis [7]. The covariates included age, gender,
tumor diameter, tumor differentiation, T staging, N stag-
ing, M staging, anatomical location of the tumor, and
carcinoembryonic antigen (CEA) level, and the match-
ing tolerance was set to 0.2. First, individual propensity
scores were calculated using logistic regression analysis
SPSS 26.0 (IBM Corp., NY, USA). Then, based on the
propensity scores, optimal 1:1 matching was performed
between the PGC and regular GC groups. After match-
ing, the distribution of variables was similar in both
groups.

Data analysis

The clinical, surgical, and pathological records of all
patients with gastric cancer perforation were reviewed.
Patients were retrospectively evaluated for the follow-
ing factors: gender; age; anatomical location of the
tumor in the stomach (defined as upper, middle, or
lower third); depth of invasion (T3 or T4); size of the
resected specimen; tumor differentiation; TNM stag-
ing; neoadjuvant chemotherapy and adjuvant chemo-
therapy. Quantitative parameters in the study were
presented as mean+standard deviation. When data
were not normally distributed, median and interquar-
tile ranges were used instead. Student’s t-test was used
to compare quantitative data between two groups; and
the Mann—Whitney U test was used for skewed distri-
butions by using SPSS 26.0 (IBM Corp., NY, USA). The
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ggplot2 package in R 4.0 software (https://www.r-proje
ct.org/) was used to plot OS curves. The Kaplan—Meier
method (the log-rank test) was used to compare the
OS times between two groups by using SPSS 26.0 (IBM
Corp., NY, USA). Differences were considered signifi-
cant at P<0.05.

Results

Clinicopathological parameters of patients

A total of 74 patients with perforated gastric cancer
treated between 2010 and 2021 were included in the
study. Clinicopathological data were obtained from the
study group, which consisted of 53 males and 21 females
with a mean age of 66.07+12.39 years (range 39 to 92
years) (Table 1). The median follow-up was 14 months
(range 1 to 93 months). Of these 74 patients, only seven
patients had pathological findings prior to perforation
and one patient had received chemotherapy prior to per-
foration (Fig. 1). The median OS for the whole cohort was
16 months (95% CI: 13-21 months, Fig. 2A).

Of all patients, 10 (13.51%, 10/74) patients were in
stage 1IB, 34 (45.95%, 34/74) patients in stage IIIA-B
and 30 (40.54%, 30/74) patients in stage IV. Due to lim-
ited peritonitis and advanced stage, six (8.11%, 6/74)
patients chose conservative treatment as their first
option. Another 17 (22.97%, 17/74) patients with IV
stage GC were treated by perforation closure and omen-
tal patch repair; one (1.35%, 1/74) of whom died within
one week after surgery. After recovery from peritonitis,
14 (18.92%, 14/74) cases of them received maintenance
chemotherapy and nutritional support, one (1.35%, 1/74)
case with liver metastases treated by transcatheter arte-
rial chemoembolization, and another (1.35%, 1/74) case
was diagnosed with Krukenberg tumor, and she under-
went a bilateral ovariectomy. Seven (9.46%, 7/74) patients
with metastatic gastric cancer were treated with pallia-
tive partial gastrectomy and maintenance chemotherapy
(Table 1). Radical gastrectomy was performed in 44
(59.46%, 44/74) patients with stage II-III gastric cancer.
In these patients, there was no imaging evidence of dis-
tant metastases or visible peritoneal metastases. Of the
44 cases, 29 (65.91%, 29/44) cases were completed in one
stage (categorized as the one-stage gastrectomy group).
Other 15 (34.09%, 15/44) cases underwent an omental
patch repair surgery and another following radical gas-
trectomy with regional lymphadenectomy (categorized
as the two-stage gastrectomy group, Table 1). In the
two-stage cohort, six (40.00%, 6/15) patients received
2-4 cycles of perioperative chemotherapy prior to radi-
cal gastrectomy, and two (13.33%, 2/15) of these patients
received intraoperative sustained-release fluorouracil
implants after radical resection.


https://www.r-project.org/
https://www.r-project.org/

Zhang et al. World Journal of Surgical Oncology (2024) 22:7

Table 1 Baseline characteristics of all PGC patients
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Clinical parameters

Number of Patients

Age
Range (yr)/Mean +SD
Gender
Male
Female
Preoperative pathological diagnosis
Yes
No
Chemotherapy before onset of perforation
Yes
No
Location of cancer
Upper and middle 1/3
Lower 1/3
Lymph node metastasis
NO
N1-3
T stage
T3
T4a
T4b
TNM stage
[I-B (T3NTMO, T4a NO MO)
I1I-A/B/C(T4a-b N1-3 MO)
IV (Tany Nany M1)
Treatments
Conservative treatment
Repair+chemotherapy
Repair+ Palliative care
Palliative partial gastrectomy + chemotherapy
One-stage radical gastrectomy

Two-stage radical gastrectomy

39-92/66.07+12.39

71.62% (53/74)
28.38% (21/74)

13.51% (10/74)
86.49% (64/74)

1.35% (1/74)
98.65% (73/74)

16.22% (12/74)
83.78% (62/74)

12.16% (9/74)
87.84% (65/74)

1.35% (1/74)
94.59% (70/74)
4.05% (3/74)

13.51% (10/74)
45.95% (34/74)
40.54% (30/74)

8.11% (6/74)

18.92% (14/74)

4.05% (3/74)

9.46% (7/74)

5.41% (4/74) (Total gastrectomy)
33.78% (25/74) (Subtotal gastrectomy)
20.27% (15/74) (Subtotal gastrectomy)

Overall survival of PGC patients (RO gastrectomy vs. repair
or palliative gastrectomy or conservative treatment)

In this study, 44 PGC patients underwent RO gastrec-
tomy. The other 24 patients with stage IV PGC under-
went omental patch repair or palliative gastrectomy
followed by maintenance chemotherapy. At the same
time, another 6 patients just chose conservative treat-
ment. The log-rank test showed that PGC patients
who achieved RO gastrectomy (median OS time is 21
months) had a better OS than patients who underwent
repair, palliative gastrectomy or conservative treatment
(median OS time is 4 months, Fig. 2B, P<0.001).

Comparison between one-stage and two-stage
gastrectomy

In this study, 44 patients achieved RO gastrectomy. The
median follow-up was 17.5 months (range from 3 to 93
months). Among them, 29 patients underwent one-
stage gastrectomy, and 18 patients achieved D2 gastrec-
tomy (62.07%, 18/29), while other 11 patients (37.93%,
11/29) achieved only D1 or D1+ gastrectomy. In the
two-stage group, all 15 patients achieved D2 gastrectomy
(100.00%, 15/15). The median time between primary sur-
gery and radical gastrectomy was 8 weeks (ranging from
3 weeks to 18 weeks). The result showed that two-stage
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high-level hospitals (2010-2021)

All of 81 PGC patients came from PKUFH, PUMCH and other 11
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All of 2273 regular GC patients underwent RO gastrectomy came
from PKUFH and PUMCH (2010-2021). and all patients were sorted

according to the order of their admission to the hospital.

29 patients underwent one-stage gastrectomy,

15 patients underwent two-stage gastrectomy.

All of 44 PGC patients underwent R0 gastrectomy were included :

® Ealy gastric cancer (EGC) underwent ESD: 15

® GC patients with missing clinical data, clinical
follow-up and survival information: 64 patients

with advanced GC treated with

Exclude:
® PGC patients with missing clinical data,
> clinical follow-up and survival information: 6 | | Random sampling using the RAND function in Microsoft Excel
patients
® PGCpati lated to ESD: 1 pati
y \
All of 74 PGC patients were included 300regulaniG Cpaticatswere 3 &% pigficoliogt
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®  Repair +chemotherapy: 14 patients ® DPatients
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Y

All of 415 regular GC patients without perforation were selected as a

control subgroup.

|

1:1 propensity score matching (PSM)
44 PGCopatients vs 44 regular GC patients

Fig. 1 The schematic diagram of this study
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Fig. 2 Overall survival of PGC patients who underwent RO gastrectomy was much better than patients who underwent conservative treatment,
repair or palliative partial gastrectomy. A The Kaplan—-Meier curve of all 74 PGC patients, and the median survival for the whole cohort

was 16 months (95% Cl: 13-21 months). B Compared with patients who underwent conservative treatment, repair or palliative partial gastrectomy
gastrectomy (median survival time was 4 months, 95% Cl: 2-10 months), patients who underwent RO gastrectomy had a significantly better OS
(median survival time was 21 months, 95% Cl: 18-39 months, P<0.001)
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Table 2 Baseline characteristics of PGC patients underwent one-stage vs two-stage RO surgery
Clinical parameters One-stage gastrectomy Two-stage Statistical value Pvalue

(n=29 patients) Gastrectomy (n=15

patients)

Age 63.72+£11.99 62.67+12.16 T=0276 0.784
Gender (male) 75.86% (22/29) 80.00% (12/15) )(220,096 0.756
Tumor diameter (=5 cm) 62.07% (18/29) 93.33% (14/15) x> =4.872 0.027
Daily use of antiplatelet drugs 27.59% (8/29) 20.00% (3/15) ¥>=0.303 0.582
Tumor differentiation (SRCC or Poorly/all) 13.80% (4/29) 6.67% (1/15) X2:O.499 0.480
T staging (T4) 100.00% (29/29) 93.33% (14/15) - 0.341°
N staging (N positive) 20.69% (6/29) 13.33% (2/15) X2=O36O 0.549
M staging (M positive) 0.00% (0/29) 0.00% (0/15) - 0.999°
Anatomical location ( Lower 1/3) 79.31% (23/29) 86.67% (13/15) X2:0.360 0.549
HGB (<90 g/L) 41.38% (12/29) 33.33% (5/15) ¥*=0.270 0.603
CEA (=10 ng/mL) 10.34% (3/29) 33.33% (5/15) x>=3512 0.061
Lymphadenectomy (D2) 62.07% (18/29) 100.00% (15/15) —- 0.008°
Lymph nodes harvested 17 (12,24) 31(27,38) U=56.0 <0.001
Positive lymph nodes 2(1,5) 3(2,85) U=2745 0.155
The total blood transfusion volume (mL) 200 (0, 800) 0 (0, 100) U=1375 0.034
The total ICU stay (days) 3(0,3) 0(0,1.5) U=1170 0.009

2 Fisher’s exact test

gastrectomy could achieve a higher rate of D2 gastrec-
tomy (Table 2, P=0.008). In the two-stage group, 31(27,
38) lymph nodes were harvested from the radical gastrec-
tomy. However, only 17(12, 24) lymph nodes were har-
vested in the one-stage group, (Table 2, Fig. 3A, P<0.001).
However, the number of positive lymph nodes was simi-
lar in both groups (Table 2, Fig. 3A, P=0.158).

Kaplan-Meier analysis showed that patients in the two-
stage group (median OS time is 45 months) had signifi-
cantly better overall survival than those in the one-stage
group (median OS time is 11 months, Fig. 3B, P=0.007).

During the perioperative period, patients in the one-
stage group received 200 (0, 800) ml of RBC and plasma
transfusions. Meanwhile, patients in the two-stage group
had only 0 (0, 100) ml (Table 2, Fig. 3C, P=0.034). In the
one-stage group, patients remained in the ICU for 3 (0,
3) days after surgery. However, patients who underwent
two-stage gastrectomy stayed in the ICU for only 0 (0,
1.5) days in total. The results above showed that patients
who underwent two-stage gastrectomy had a significantly
shorter ICU stay (Table 2, Fig. 3D, P=0.009).

Baseline clinical and pathological parameters

before and after PSM

A total of 44 PGC patients who underwent RO gastrec-
tomy were enrolled, and finally 415 regular GC patients
(January 2010 to June 2021) were randomly included
in the analysis as a control group. Baseline clinical and
pathological parameters are shown in Table 3. Compared

with PGC who underwent RO gastrectomy, regular GC
patients had significantly smaller tumor diameter, bet-
ter tumor differentiation, better T and N stage, and less
lower 1/3 of the stomach, lower rate of neoadjuvant
chemotherapy and adjuvant chemotherapy (all P<0.05,
Table 3).

After PSM, 88 patients (PGC = 44; regular GC = 44)
were matched, and the clinical and pathological param-
eters are shown in Table 3. The result showed that no
significant differences were observed between PGC and
regular GC groups in terms of age, gender, tumor diame-
ter, tumor differentiation, TNM staging, anatomical loca-
tion and CEA level and neoadjuvant chemotherapy and
adjuvant chemotherapy (all P>0.05, Table 3).

Comparison between propensity score-matched regular

GC patients and PGC patients underwent RO gastrectomy

Subgroup analysis showed that 29 PGC patients who
underwent one-stage surgery had significantly fewer
total lymph nodes harvested (17 (12, 24) vs 29 (21, 37),
P<0.001, Fig. 4A) and slightly fewer positive lymph nodes
compared with propensity score-matched regular GC
patients (P=0.054, Fig. 4A). Further analysis showed that
29 PGC patients who underwent one-stage gastrectomy
(median OS 18 months) had worse OS than propensity
score-matched 29 normal GC patients (median OS 30
months, P=0.024, Fig. 4B). Conversely, fifteen-five PGC
patients underwent two-stage RO gastrectomy, harvested
a similar number of total and positive lymph nodes



Zhang et al. World Journal of Surgical Oncology (2024) 22:7

B8 PGC two-stage RO gastrectomy n=15
& PGC one-stage RO gastrectomy n=29
*kk
— NS
60
g _
5 2
2 40 >
3 3
g 5
5 5}
20 2
£ . °©

Total lymph nodes Positive lymph nodes

0.8

0.6

0.4 4

0.2 4

0.0 4

PGC one-stage RO gastrectomy vs two-stage R0 gastrectomy

*
—_—
°

3000
-
E
g °
k] =
‘g 2000 4 8
% =)
= >
© ©
S S
- 2}
o )
& . o
@©
ro% 1000 4
el
=
©
g o o oo ®
x ° E o

0]

One-stage gastrectomy Two-stage gastrectomy

Page 7 of 12

—— Two-stage RO gastrectomy n=15
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Fig. 3 Two-stage gastrectomy harvested more lymph nodes, and patients in the two-stage gastrectomy group had better short-and long-term
outcomes. A Compared with one-stage gastrectomy, two-stage gastrectomy harvested more lymph nodes (P<0.001). B Compared with patients
in the one-stage group, PGC patients who underwent two-stage RO gastrectomy had a much better OS (P <0.007). C Compared with patients

in the one-stage group, patients who underwent two-stage gastrectomy had a substantially lower volume of RBC and plasma transfusions
(P=0.034). D In addition, patients who underwent two-stage gastrectomy had a significantly shorter ICU stay (P=0.009)

(P=0.506, P=0.787, Fig. 4C), and had a comparable OS
to the propensity score-matched regular GC patients
(P=0.096, Figs. 4D and 5).

Discussion
Previous studies show that the most common cause of
gastric perforation is benign peptic ulcer, and gastric per-
foration caused by gastric cancer is relatively rare. Gas-
tric cancer accounts for only about 10-16% of patients
with gastric perforation [3, 4].

If a gastrointestinal perforation is diagnosed, emer-
gency surgery must be performed immediately. Due

to the urgency of treating peritonitis, some of the nec-
essary preoperative imaging or pathological tests are
often omitted. Therefore, PGC is rarely diagnosed pre-
operatively. Even if it is diagnosed preoperatively or
intraoperatively, the local infiltration and lymph node
metastasis of gastric cancer are often misjudged due to
the influence of abdominal infection [3]. Therefore, it
is still difficult to accurately assess the stage of gastric
cancer and design the best surgical strategy. Further-
more, as most of these patients have a severe abdominal
infection, even with unstable vital signs, standard D2
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Table 3 Baseline characteristics before and after propensity score matching
Clinical parameters Before PSM After PSM
PGC GC Pvalue PGC GC Pvalue
(n=44) (n=415) (n=44) (n=44)
Age (years>70) 29.5% (13/44) 28.2% (117/415) 0.850 29.5% (13/44) 27.3% (12/44) 0.813
Gender ( Male) 75.0% (33/44) 70.4% (292/415) 0.520 75.0% (33/44) 70.5% (31/44) 0.632
Tumor diameter (=5 cm) 72.7% (32/44) 1.2% (171/415) <0.001 72.7% (32/44) 82.8% (36/44) 0.309
Tumor differentiation ( SRCC or Poorly) 88.6% (39/44) 68.4% (284/415) 0.005 88.69%(39/44) 86.4% (38/44) 0.747
T staging (T4) 97.7% (43/44) 32.1% (133/415) <0.001 97.7%(43/44) 97.7% (43/44) >0.999
N staging (N positive) 84.1% (37/44) 58.8% (244/415) 0.001 84.19%(37/44) 86.4% (38/44) 0.764
M staging (M positive) 0.0% (0/44) 1.7% (7/415) 0.385 0.09% (0/44) 0.0% (0/44) >0.999
Location (Lower 1/3) 81.8% (36/44) 61.7% (256/415) 0.008 81.8% (36/44) 75.0% (33/44) 0437
CEA (=10 ng/mL) 18.2% (8/44) 8.7% (40/415) 0.078 18.2% (8/44) 22.7% (10/44) 0.921
Neoadjuvant chemotherapy (YES) 13.6% (6/44) 4.6% (19/415) 0.012 13.6% (6/44) 18.2% (8/44) 0.560
Adjuvant chemotherapy (YES) 100.0% (44/44) 63.6% (264/415) <0.001° 100.0% (44/44) 100% (44/44) >0.999°

2 Fisher’s exact test

radical assisted gastrectomy can rarely be performed in
an emergency situation.

In this study, only seven patients had pathologi-
cal results before the onset of perforation. Of all PGC
patients who achieved RO resection, only 62.07% achieved
D2 resection during the initial emergency surgery. How-
ever, in the two-stage gastrectomy group, where radical
gastrectomy is performed after initial treatment of peri-
tonitis, all patients achieved D2 resection.

In western countries, D2 lymphadenectomy was not
considered a standard procedure. In eastern countries,
however, D2 lymphadenectomy has been adopted as
standard clinical practice [8, 9]. Recent randomised
controlled trials have shown that D2 radical surgery for
gastric cancer can improve disease-specific survival in
patients with advanced disease [10, 11]. The academic
consensus is that D2 radical resection for PGC patients
improves treatment outcome. However, in an emergency
situation, it is difficult to perform D2 radical surgery due
to poor general condition such as perioperative sepsis
and underlying basic diseases. Besides, such radical sur-
gery can potentially cause damage to the lives of PGC
patients in poor general condition. Thus, some research-
ers advocate two-stage D2 radical gastrectomy, i.e., one-
stage perforation repair for perforation, followed by
radical surgery after the patient’s overall condition has
improved and accurate pathological staging has been
performed. While awaiting radical gastrectomy, chemo-
therapies can be given according to the patient’s molecu-
lar pathology results.

Several reports on patients with PGC have shown
that those who undergo curative resection have a sig-
nificantly better prognosis than those who undergo non-
curative resection [12]. Lehnert et al. [3] suggested that

oncological surgery for gastric cancer should be con-
sidered once the patient has recovered from peritonitis.
Two-stage surgery is a better option, especially for frail
people with resectable PGC [13]. Hata et al. [14] dem-
onstrated that patients who underwent emergency one-
stage gastrectomy had significantly lower rates of RO
resection and D2 lymph node dissection than those who
underwent two-stage gastrectomy. In addition, patients
who underwent two-stage gastrectomy had a signifi-
cantly lower mortality rate than those who underwent
one-stage gastrectomy. Although Hata’s study included
a relatively large number of GC patients, it has some
shortcomings. As a retrospective study, all the cases
in the study came from case reports obtained from the
Japan Medical Abstract Society database. All the cases
came from different medical centres in Japan and other
countries and spanned more than 30 years. Therefore,
the consistency of surgery, pathology, and follow-up of
patients in this study was not satisfactory. In addition, it
is difficult to continue follow-up if a patient has tumor
recurrence or tumor-related death after the case reports
are published. Therefore, the survival curve in this article
is partially flawed. At the same time, this study did not
look at the number of lymph nodes removed during sur-
gery and did not compare the number of lymph nodes
removed in PGC and regular GC surgery.

According to the findings of this study, the OS of
patients with PGC who can achieve RO resection after
two-stage surgery is better than those who underwent
one-stage radical gastrectomy. In addition, two-stage sur-
gery can obtain significantly more lymph nodes, fewer
perioperative blood transfusion and shorter ICU stay.
These results show that two-stage surgery has a lower
likelihood of postoperative complications, a shorter
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Fig. 4 The PGC patients who underwent one-stage RO gastrectomy had poorer quality lymphadenectomy and worse overall survival compared
with propensity score-matched regular GC patients. A Compared with propensity score-matched 29 regular GC patients, 29 PGC patients

who underwent one-stage RO gastrectomy harvested significantly fewer total lymph nodes (P<0.001) and fewer positive lymph nodes,

but not significantly (P=0.054). B Compared with 29 PGC patients who underwent one-stage RO gastrectomy, 29 propensity score-matched
patients with regular GC had a significantly better OS (P=0.024). C Compared to 15 propensity score-matched regular GC patients, 15 PGC patients
who underwent two-stage RO gastrectomy had a similar number of total and positive lymph nodes harvested (P=0.506, P=0.787). D Compared

to 15 propensity score-matched regular GC patients, 15 PGC who underwent two-stage RO gastrectomy had a similar OS (P=0.096)

recovery time after radical gastrectomy, and a better
long-term prognosis. The PSM analysis confirmed the
above findings from a different perspective. Compared
with the propensity score-matched regular GC patients,
PGC patients who underwent one-stage gastrectomy
had a worse quality of lymphadenectomy and suffered a
worse OS. Conversely, two-stage gastrectomy achieved
a comparable quality of lymphadenectomy and a similar
OS compared to propensity score-matched regular GC
patients.

Clinical trials have shown that perioperative chemo-
therapy has potential benefits for patients with locally

advanced gastric cancer, including the MAGIC, ACTS-
GC and CLASSIC trials [15-17]. Recently, the RESO-
NANCE trial led by Chinese investigators demonstrated
that the S-1 plus oxaliplatin (SOX) regimen as neoadju-
vant chemotherapy was associated with an increased rate
of D2 lymph node dissection and RO resection, suggest-
ing that the SOX regimen used prior to D2 gastrectomy
may prolong median survival, DFS and OS [18]. In this
study, six patients received neoadjuvant chemotherapy
prior to curative surgery, and 3 of them achieved a more
than 20 months disease-free survival; one patient sur-
vived over 90 months. These preliminary findings suggest
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Lot

from a patient with perforated gastric cancer. This patient underwent omental patch repair. B This patient underwent 3 cycles of SOX
chemotherapy. The image of the spacemen of distal gastric shows that the scar on the gastric antrum is the site of the original perforation. C Gross
appearance of gastric cancer after omental patch repair and 3 cycles of SOX chemotherapy

that neoadjuvant chemotherapy probably play an impor-
tant role in prolonging OS. However, due to the small
number of patient samples observed, the current conclu-
sions are not conclusive. A firm conclusion awaits further
evidence from studies with larger sample sizes.

RO resection refers to a microscopically margin-neg-
ative resection in which no gross or microscopic tumor
remains in the primary tumor bed, and this definition
was provided by Hermanek 28 years ago [19]. If this defi-
nition is correct, RO resection should be associated with
high survival and low recurrence. In reality, however,
RO resection has not shown such a desirable prognosis.
The Hermanek definition does not follow this scenario
because it is mainly concerned with the primary tumor
site and not with the details of lymphatic spread. It is
therefore reasonable to assume that less extensive lym-
phadenectomy will result in understaging of GC patients.
In addition, less extensive lymphadenectomies are more
likely to miss metastatic lymph nodes [20]. Conversely,
extensive lymphadenectomy in patients with stage N3
gastric cancer may result in less loco-regional recurrence
and better survival outcomes [21].

The retrospective analysis of 40,281 GC patients from
the American National Cancer Database showed that the
number of harvested lymph nodes>29 in the patients
with higher stages GC provides a comparable OS to those
with lower stage GC [22]. Therefore, the 8th AJCC rec-
ommends the examination of at least 16 retrieved lymph
nodes for better staging, but if possible, > 30 lymph nodes
are preferred for accurate staging and prognosis [23, 24].
We need to be aware that lymph nodes are collected in
different ways by different medical institutions, sur-
geons and pathologists [25]. Therefore, to increase the
number of lymph nodes harvested, surgeons should sep-
arate lymph nodes ex vivo from the gastrectomy speci-
men before sending them to pathologists, and require

pathologists to evaluate as many lymph nodes as possible,
with a target of 25 or more [26]. Thus, good pathologi-
cal diagnosis can more accurately assess the pathological
stage of patients. In our study, we found that the number
of lymph nodes dissected was closely related to patient
prognosis. Our results showed that two-stage surgery
provides a better quality of lymph node dissection, and
provided a better OS than one-stage surgery. Addition-
ally, compared with regular GC patients after PSM, the
OS of PGC patients underwent two-stage surgery was
similar to that of regular GC patients. Therefore, we
speculate that a good quality of lymph node dissection
may benefit the overall survival of patients.

Recurrence of the tumor is associated with survival
of patients with GC. The types of recurrence after radi-
cal resection of gastric cancer include local recurrence,
peritoneal implantation, lymph node metastasis, and
haematogenous metastasis. The pattern of recurrence
in patients with PGC remains controversial. A previous
study showed that the rate of peritoneal metastases after
curative resection was significantly higher in T4 patients
[27]. However, in a system review showed that there
were no significant differences in the rate and pattern of
recurrence between perforated and non-perforated gas-
tric cancer when curative surgery was performed [28].
This study is a real-world retrospective study, in which
patients came from 13 different medical centers, and the
time span was 12 years. Considering the inconsistent
quality of CT reports and other unavoidable non-objec-
tive factors, we did not focus on patients’ recurrence pat-
terns to ensure the scientific validity of our study.

In recent years, NCCN guidelines have recommended
that diagnostic laparoscopy and cytology should be
considered in GC patients with T1b disease or higher
(category 2B). In the version 2.2022, NCCN gasr-
ric cancer guidelines, for locoregional (cMO) patients,
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this recommendation was changed as follows: Medi-
cally fit, surgically unresectable: “consider laparoscopy
with cytology” changed from category 2B to category
2A [29]. For the patients who without visible peritoneal
metastases, cytological examination of abdominal lav-
age fluid can reveal the presence of free intraperitoneal
cancer cells, and hyperthermic intraperitoneal chemo-
therapy (HIPEC) therapy could significantly reduce post-
operative tumor recurrence and improve survival [5, 30].
Because the concept of cytology was not widely accepted
in the early years, cytology was performed in only 4 PGC
patients who underwent two-stage gastrectomy, and
none of them had a positive peritoneal lavage cytology
(CY1). And only two patients who underwent RO surgery
received intraoperative extended-release fluorouracil
implants after radical resection.

Overall, this study provides preliminary answers to
some of the questions about treatment options for PGC.
For PGC patients in poor condition, two-stage treat-
ment is a better option if D2 radical gastrectomy cannot
be achieved in emergency surgery. This study has several
limitations. Firstly, the sample size of this retrospective
study was limited due to the rarity of PGC. In addition,
the PGC patients in this study came from many differ-
ent medical institutions, and the methods of collecting
lymph node samples from the specimens were not uni-
formly standardised. Because of these limitations, pro-
spective clinical trials are needed in the future.

Conclusions

For PGC patients in poor condition, two-stage treatment
is a better option when D2 radical gastrectomy cannot
be achieved in emergency surgery. Therefore, two-stage
gastrectomy may be a promising procedure for PGC
patients.

Authors’ contributions

Y.CW, XY.and XW.: conception and design and administrative support; J.L.Z.
and KX.L.: provision of study materials or patients, data analysis and interpreta-
tion; manuscript writing ZN.Z, GCZ,SPZ,YM.Z, ZYG, HYM,YX, JSH, LZ,
B.L.Z,and Y.L. collection and assembly of the data; YC.W., TW,, XY, and XW.:
revise the manuscript. All authors read and approved the final manuscript.

Funding

This work was funded by National Project for Clinical Key Specialty Develop-
ment; the National Natural Science Foundation of China (Grant No. 81641098);
Specific Interdisciplinary Research Project of Peking University First Hospital
(grant No. 2023IR39); the Youth Clinical Research Project of Peking University
First Hospital (grant No. 2021CR03 and No. 2022CR13); the Scientific Research
Seed Fund of Peking University First Hospital (grant No. 2018SF090), and the
Youth Cultivated Research Fund of Peking University Health Center (grant No.
BMU2020PYB026); the ‘San-ming' medicine Project of Shenzhen City.

Availability of data and materials
The data that support the findings of this study are available on request from
the corresponding author.

Page 11 of 12

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of the Peking University First
Hospital (N0.2018-15) and conducted in accordance with the ethical princi-
ples of Helsinki Declaration. Furthermore, the patient’s consent was waived as
this study was a retrospective clinical study.

Competing interests
The authors declare no competing interests.

Author details

'Department of Gastrointestinal Surgery, Peking University First Hospital,
No.8, Xishiku Street, Xicheng District, Beijing 100034, P. R. China. *Division

of Colorectal Surgery, Department of General Surgery, Peking Union Medical
College Hospital, No.1 Shuaifuyuan Wangfujing Street, Dongcheng District,
Beijing 100730, P.R. China. *Department of General Surgery, Civil Aviation
General Hospital, No.1A, Gaojing, Chaoyangmenwai Avenue, Chaoyang
District, Beijing 100123, P.R. China. 4Department of General Surgery, China-
Japan Friendship Hospital, East Yinghuayuan Street, Chaoyang District,
Beijing 100029, P.R. China. °Department of General Surgery, Tianjin Fifth
Central Hospital, No.41 Zhejiang Road, Binhai New Area, Tianjin 300450, P.

R. China. °Department of General Surgery, Beijing Jingmei Group General
Hospital, No.18, Heishan Street, Mentougou District, Beijing 102399, P. R. China.
’Department of General Surgery, Peking University Shougang Hospital, No.9,
Jinyuanzhuang Road, Shijingshan District, Beijing 100144, P. R. China. Depart-
ment of General Surgery, Beijing Miyun District Hospital, Miyun District, No.36
Mixi Road, Beijing 101500, P. R. China. °Department of General Surgery, Hebei
General Hospital, No.348 Heping West Road, Xinhua District, Shijiazhuang,
Hebei Province 050051, P. R. China. '®Department of General Surgery, Cang-
zhou Integrated Traditional Chinese and Western Medicine Hospital, No.31
Huanghe West Road, Yunhe District, Cangzhou, Hebei Province 061011, P.R.
China. "' Department of General Surgery, First Hospital of Qinhuangdao, No.
258 Wenhua Road, Haigang District, Qinhuangdao, Hebei Province 066000,
P.R. China. '?Department of General Surgery, Tangshan Workers' Hospital,
No.27, Wenhua Road, Tangshan, Hebei Province 063003, P. R. China. "*Depart-
ment of General Surgery, North China University of Science and Technology
Affiliated Hospital, No.73 Jianshe South Road, Lubei District, Tangshan, Hebei
Province 063000, P. R. China.

Received: 23 June 2023 Accepted: 9 December 2023
Published online: 03 January 2024

References

1. Vasas P, Wiggins T, Chaudry A, et al. Emergency presentation of the gastric
cancer; prognosis and implications for service planning. World J Emerg
Surg. 2012;7(1):31. https://doi.org/10.1186/1749-7922-7-31.

2. Kasakura, Ajani JA, Fujii M, et al. Management of perforated gastric
carcinoma: a report of 16 cases and review of world literature. Am Surg.
2002;68(5):434.

3. LehnertT, Buhl K, Dueck M, et al. Two-stage radical gastrectomy for
perforated gastric cancer. Eur J Surg Oncol. 2000;26(8):780-4. https://doi.
org/10.1053/ejs0.2000.1003.

4. Kennedy TL. Gastric carcinoma and acute perforation. Br Med J.
1951;2(4746):1489-92. https://doi.org/10.1136/bmj.2.4746.1489.

5. Japanese Gastric Cancer A. Japanese Gastric Cancer Treatment Guidelines
2021 (6th edition). Gastric Cancer. 2023;26(1):1-25. https://doi.org/10.
1007/510120-022-01331-8.

6. Sobin L, Gospodarowicz M, Wittekind C. TMN Classification of Malignant
Tumours, Union for International Cancer Control (UICC) and Wiley [M].
Oxford: Blackwell; 2009.

7. D'Agostino RB Jr. Propensity score methods for bias reduction in the
comparison of a treatment to a non-randomized control group. Stat Med.
1998;17(19):2265-81. https://doi.org/10.1002/(sici)1097-0258(19981015)
17:19%3c2265::aid-sim918%3e3.0.co;2-b.

8. Brisinda G, Chiarello MM, Crocco A, et al. Postoperative mortality and
morbidity after D2 lymphadenectomy for gastric cancer: A retrospective


https://doi.org/10.1186/1749-7922-7-31
https://doi.org/10.1053/ejso.2000.1003
https://doi.org/10.1053/ejso.2000.1003
https://doi.org/10.1136/bmj.2.4746.1489
https://doi.org/10.1007/s10120-022-01331-8
https://doi.org/10.1007/s10120-022-01331-8
https://doi.org/10.1002/(sici)1097-0258(19981015)17:19%3c2265::aid-sim918%3e3.0.co;2-b
https://doi.org/10.1002/(sici)1097-0258(19981015)17:19%3c2265::aid-sim918%3e3.0.co;2-b

Zhang et al. World Journal of Surgical Oncology

20.

21

22.

23.

24.

25.

26.

27.

(2024) 22:7

cohort study. World J Gastroenterol. 2022;28(3):381-98. https://doi.org/
10.3748/wjg.v28.i3.381.

Jiang L, Yang KH, Chen Y, et al. Systematic review and meta-analysis of the
effectiveness and safety of extended lymphadenectomy in patients with
resectable gastric cancer. Br J Surg. 2014;101(6):595-604. https://doi.org/
10.1002/bjs.9497.

Songun |, Putter H, Kranenbarg EM-K, et al. Surgical treatment of gastric
cancer: 15-year follow-up results of the randomised nationwide Dutch
D1D2 trial. Lancet Oncol. 2010;11(5):439-49.

. Degiuli M, Reddavid R, Tomatis M, et al. D2 dissection improves disease-

specific survival in advanced gastric cancer patients: 15-year follow-up
results of the Italian Gastric Cancer Study Group D1 versus D2 ran-
domised controlled trial. Eur J Cancer. 2021;150:10-22. https://doi.org/10.
1016/j.ejca.2021.03.031.

. Jwo SC, Chien RN, Chao TC, et al. Clinicopathological features, surgical

management, and disease outcome of perforated gastric cancer. J Surg
Oncol. 2005;91(4):219-25. https://doi.org/10.1002/js0.20307.

Roviello F, Rossi S, Marrelli D, et al. Perforated gastric carcinoma: a report
of 10 cases and review of the literature. World J Surg Oncol. 2006;4(1):19.
https://doi.org/10.1186/1477-7819-4-19.

Hata T, Sakata N, Kudoh K, et al. The best surgical approach for perforated
gastric cancer: one-stage vs. two-stage gastrectomy. Gastric Cancer.
2014;17(3):578-87. https//doi.org/10.1007/510120-013-0308-0.
Cunningham D, Allum WH, Stenning SP, et al. Perioperative chemother-
apy versus surgery alone for resectable gastroesophageal cancer. N Engl J
Med. 2006;355(1):11-20.

Sasako M, Sakuramoto S, Katai H, et al. Five-year outcomes of a
randomized phase lIl trial comparing adjuvant chemotherapy with

S-1 versus surgery alone in stage Il or Il gastric cancer. J Clin Oncol.
2011,29(33):4387-93.

Bang Y-J, Kim Y-W, Yang H-K, et al. Adjuvant capecitabine and oxaliplatin
for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label,
randomised controlled trial. Lancet. 2012;379(9813):315-21.

Wang X, Li S, Xie T, et al. Early results of the randomized, multicenter, con-
trolled evaluation of S-1 and oxaliplatin as neoadjuvant chemotherapy
for Chinese advanced gastric cancer patients (RESONANCE Trial). J Clin
Oncol. 2020;38(4_suppl):280. https://doi.org/10.1200/JC0O.2020.38.4_
suppl.280.

Hermanek P, Wittekind C. Residual tumor (R) classification and prognosis.
Semin Surg Oncol. 1994;10(1):12-20. https://doi.org/10.1002/55u.29801
00105.

Chen H-N, Chen X-Z, Zhang W-H, et al. Necessity of harvesting at least
25 lymph nodes in patients with stage N2-N3 resectable gastric cancer:
a 10-year, single-institution cohort study. Medicine. 2015;94(10):e620.
https://doi.org/10.1097/MD.0000000000000620.

Zheng G, Feng F, Guo M, et al. Harvest of at Least 23 Lymph Nodes is
Indispensable for Stage N3 Gastric Cancer Patients. Ann Surg Oncol.
2017;24(4):998-1002. https://doi.org/10.1245/510434-016-5667-4.
Naffouje SA, Salti Gl. Extensive Lymph Node Dissection Improves Survival
among American Patients with Gastric Adenocarcinoma Treated Surgi-
cally: Analysis of the National Cancer Database. JGC. 2017;17(4):319-30.
https://doi.org/10.5230/jgc.2017.17.€36.

Lu J, Zheng Z-F, Xie J-W, et al. Is the 8th edition of the AJCCTNM staging
system sufficiently reasonable for all patients with noncardia gastric
cancer? A 12,549-patient international database study. Ann Surg Oncol.
2018;25(7):2002-11.

Mranda GM, Xue 'Y, Zhou X-G, et al. Revisiting the 8th AJCC system

for gastric cancer: A review on validations, nomograms, lymph nodes
impact, and proposed modifications. Ann Med Surg. 2022;75:103411.
https://doi.org/10.1016/j.amsu.2022.103411.

Schoenleber SJ, Schnelldorfer T, Wood CM, et al. Factors Influencing
Lymph Node Recovery from the Operative Specimen after Gastrectomy
for Gastric Adenocarcinoma [J]. J Gastrointest Surg. 2009;13(7):1233-7.
https://doi.org/10.1007/511605-009-0886-7.

Afaneh C, Levy A, Selby L, et al. Ex Vivo Lymphadenectomy During Gas-
trectomy for Adenocarcinoma Optimizes Lymph Node Yield. J Gastroin-
test Surg. 2016;20(1):165-71. https://doi.org/10.1007/511605-015-2948-3.
Zhu B-Y, Yuan S-Q, Nie R-C, et al. Prognostic factors and recurrence
patterns in T4 gastric cancer patients after curative resection. J Cancer.
2019;10(5):1181.

28.

29.

30.

Page 12 of 12

Melloni M, Bernardi D, Asti E, et al. Perforated Gastric Cancer: A Systematic
Review. J Laparoendosc Adv Surg Tech A. 2020;30(2):156-62. https://doi.
0rg/10.1089/1ap.2019.0507.

Ajani JA, DAmico TA, Bentrem DJ, et al. Gastric Cancer, Version 2.2022,
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Cancer
Netw. 2022;20(2):167-92. https://doi.org/10.6004/jnccn.2022.0008.

Mi DH, Li Z, Yang KH, et al. Surgery combined with intraoperative
hyperthermic intraperitoneal chemotherapy (IHIC) for gastric cancer: a
systematic review and meta-analysis of randomised controlled trials. Int
J Hyperthermia. 2013;29(2):156-67. https://doi.org/10.3109/02656736.
2013.768359.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3748/wjg.v28.i3.381
https://doi.org/10.3748/wjg.v28.i3.381
https://doi.org/10.1002/bjs.9497
https://doi.org/10.1002/bjs.9497
https://doi.org/10.1016/j.ejca.2021.03.031
https://doi.org/10.1016/j.ejca.2021.03.031
https://doi.org/10.1002/jso.20307
https://doi.org/10.1186/1477-7819-4-19
https://doi.org/10.1007/s10120-013-0308-0
https://doi.org/10.1200/JCO.2020.38.4_suppl.280
https://doi.org/10.1200/JCO.2020.38.4_suppl.280
https://doi.org/10.1002/ssu.2980100105
https://doi.org/10.1002/ssu.2980100105
https://doi.org/10.1097/MD.0000000000000620
https://doi.org/10.1245/s10434-016-5667-4
https://doi.org/10.5230/jgc.2017.17.e36
https://doi.org/10.1016/j.amsu.2022.103411
https://doi.org/10.1007/s11605-009-0886-7
https://doi.org/10.1007/s11605-015-2948-3
https://doi.org/10.1089/lap.2019.0507
https://doi.org/10.1089/lap.2019.0507
https://doi.org/10.6004/jnccn.2022.0008
https://doi.org/10.3109/02656736.2013.768359
https://doi.org/10.3109/02656736.2013.768359

	Short-and long-term outcomes of one-stage versus two-stage gastrectomy for perforated gastric cancer: a multicenter retrospective propensity score-matched study
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusions 

	Instruction
	Materials and methods
	Study population and inclusionexclusion criteria
	Surgery and outcome measures
	Propensity score-matching (PSM) analysis
	Data analysis

	Results
	Clinicopathological parameters of patients
	Overall survival of PGC patients (R0 gastrectomy vs. repair or palliative gastrectomy or conservative treatment)
	Comparison between one-stage and two-stage gastrectomy
	Baseline clinical and pathological parameters before and after PSM
	Comparison between propensity score-matched regular GC patients and PGC patients underwent R0 gastrectomy

	Discussion
	Conclusions
	References


