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Purpose

Peritoneal recurrence is one of the most common patterns of recurrence after gastric cancer
surgery and it has a poor prognosis despite all efforts. The aim of this study is to evaluate
the prognostic impact of early postoperative intraperitoneal chemotherapy (EPIC) after
surgery with curative intent for macroscopically serosa-invading gastric cancer patients.

Materials and Methods

The records of 245 patients under the age of 70 were reviewed. These patients were
suffering from macroscopically seroa-invading gastric cancer and they underwent curative
surgery from 1995 to 2004 at the Kyungpook National University Hospital, Daegu, Korea.
The overall survival, gastric cancer-specific survival, complications, and patterns of recur-
rence were compared between the patients who were treated with EPIC and those who
were not.

Results

EPIC was administered to 65 patients, and the remaining 180 patients did not receive this
treatment. The 5-year overall and gastric cancer-specific survival rates for the EPIC group
were 47.4% and 53.1%, respectively, and those for the non-EPIC group were 26.7% and
29.7%, respectively (p=0.012 for overall survival and p=0.011 for gastric cancer-specific
survival). The rates of peritoneal recurrence for the EPIC group and the non-EPIC group were
18.5% and 32.2%, respectively (p=0.038). There were no significant differences in the
morbidity or mortality between the two groups. Based on a multivariate analysis of the
factors with prognostic significance in univariate analyses, EPIC, pathological lymph node
metastasis, differentiation, and the extent of gastric resection were independent prognostic
factors.

Conclusion
The use of EPIC to treat gastric cancer patients with macroscopic serosal invasions resulted
in better survival rate by reducing the risk of peritoneal recurrence.

Key words
Stomach neoplasm, Adjuvant chemotherapy,
Locoregional neoplasm reccurence

Introduction

Recurrence is the most serious threat for patients who have
undergone curative surgery. Systemic chemotherapy has
been used in attempts to prevent recurrence; however, the

As more gastric cancer patients are diagnosed during the
early stage of the disease, the survival of gastric cancer
patients has improved recently. However, gastric cancer is
still a major cause of cancer-related deaths worldwide. This
is partly because a large portion of patients are diagnosed
during the late stages and partly due to the fact that curative
resection cannot guarantee an absolute cure for the disease.
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results of these trials were not satisfactory [1,2]. Among the
different modes of recurrence, peritoneal carcinomatosis is a
common pattern of treatment failure, and serosal exposure
is the most potent risk factor for peritoneal carcinomatosis
[3]. Although we have not reached a unanimous consensus,
favorable reports describing the outcome of intraperitoneal
chemotherapy (IPC) have been published [4-8].
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In this study, we review the clinicopathological character-
istics of patients and the effects of early postoperative
intraperitoneal chemotherapy (EPIC) on the overall and
gastric cancer-specific survival, as well as on the patterns of
recurrence for gastric cancer patients with macroscopic
serosal invasion.

Materials and Methods

1. Patients

A total of 495 gastrectomies were performed on patients
with histologically proven gastric cancer with serial invasion,
according to intraoperative macroscopic findings, in the
period between 1995 and 2004 at the Kyungpook National
University Hospital. The enrolled patients had good
performance statuses, white blood cell counts of at least
4,000/ mcL, platelet count of 150,000/ mcL or more, blood
urea nitrogen level of less than 30 mg/dL, and a creatinine
concentration of less than 1.5 mg/dL. These patients did not
have distant metastases as determined by routine preopera-
tive staging (physical examination, chest X-ray, abdomino-
pelvic computed tomography scan, or ultrasound of the
abdomen), and patients with radiologically suspected serosal
invasion signed informed consent forms explaining the
potential advantages and disadvantages of EPIC. The avail-
able medical records of patients were reviewed, and the clin-
ical and pathological stages were reclassified according to
the 7th edition of the American Joint Committee on Cancer
(AJCC) cancer staging manual. Among the 495 patients, 245
patients were included in this study, and 250 patients were
excluded from the analysis. The patient cohort is presented
in Fig. 1. The data for 245 patients were analyzed, and treat-
ment-related complications were classified using the
Clavien-Dindo system [9].

2. Surgery

The type of gastrectomy performed, whether total or
subtotal, was determined by the location and macroscopic
type of gastric cancer. All of the patients underwent D2 or
greater lymphadenectomy. Routine Roux-en-Y reconstruc-
tions with stapled esophagojejunostomy, stapled gastroduo-
denostomy, or hand-sewn gastrojejunostomy were carried
out as reconstruction. In the event a surgeon found macro-
scopic serosal invasion of the gastric cancer intraoperatively,
EPIC was performed only if the patient had signed the
informed consent form preoperatively. In the EPIC group,

before abdominal wall closure, three drain catheters were
placed into both subphrenic spaces and Douglas’ pouch for
drainage, and another catheter was placed into the lesser sac
through the foramen of Winslow for both the administration
and drainage of chemotherapeutic agents.

3. EPIC and adjuvant chemotherapy

On the day of the surgery, upon completion of reconstruc-
tion, the peritoneal cavity was irrigated with 37°C, 9% saline
solution, until the fluid that was being drained from the
catheters became clear. On the first postoperative day, one
liter of 37°C, 0.9% saline solution, containing 10 mg/m? of
mitomycin C, was instilled rapidly into the peritoneal cavity
via a catheter located in the lesser sac. All of the catheters
were clamped for 23 hours. During the first six hours of treat-
ment with mitomycin C, a urine output of greater than 1
mL/kg body weight/hour was maintained. On the second
postoperative day, the peritoneal cavity was drained for one
hour, and 700 mg/m? of 5-fluorouracil (5-FU) plus 50 mEq
of sodium bicarbonate in 1 L of 37°C 0.9% saline solution was
instilled. The 5-FU instillations were repeated on a daily basis
for a total of four administrations. The catheters were left in
place until the drainage subsided. This protocol has been
described elsewhere [6]. If the tumor penetrated the serosa
or if lymph node metastasis was confirmed pathologically,
adjuvant chemotherapy was recommended. 5-FU-based
postoperative systemic chemotherapy regimens with
cisplatin or epirubicin were administered to the patients who
agreed to follow our recommendations regarding adjuvant
systemic chemotherapy.

4. Classification of recurrence patterns

The pattern of recurrence was classified based on the find-
ings of a physical examination, computed tomography,
ultrasonography, or pathological examination. The presence
of malignant ascites, of a rectal shelf, and nodular peritoneal
thickening were classified as peritoneal recurrence. Liver
metastasis, bone metastasis, and kidney metastasis were clas-
sified as hematogenous recurrence. If there was enlargement
of the axillary, Virchow’s or para-aortic lymph nodes, or
detection of malignant cells during the pathological exami-
nation of those lymph nodes, it was classified as nodal recur-
rence. Recurrence in the remnant stomach and stomach bed,
and biliary obstruction were classified as loco-regional recur-
rence.
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5. Statistical analysis

The proportions of patients with given characteristics were
compared by a chi-square test or Fisher's exact test. Differ-
ences in the means of the continuous measurements were
tested using a Student's t-test. The overall and disease-
specific survivals were calculated from the date of surgery
until the death or at least the last follow-up, and Kaplan-
Meier survival curves were plotted and compared using a
log-rank test. A multivariate analysis was performed using
the Cox proportional hazards model. Null hypotheses of no
difference were rejected if the p-values were less than 0.05.

Results

1. Clinicopathological characteristics

Among the 245 patients included in this study, 65 patients
received EPIC, while the remaining 180 patients did not. The
characteristics of these patients are presented in Table 1.
There were no significant differences between the two
groups. Combined resection was defined as the resection of
additional organs other than the spleen or the gallbladder.

Gastric cancer patients who
underwent gastric resection

due to gastric cancer
clinically T4a or more

(n=495)

Excluded (n=250)

Resection of palliative intent (n=57)

Age of 70 or more (n=64)

Positive resection margin (n=9)
Performance of HIPEC (n=27)
Performance of momothermic I0IC (n=12)
Lost to follow-up (n=1)

Non-EPIC
group

(n=180)

Fig. 1. Diagram of patients selection. HIPEC, hyperthermic intraperitoneal chemotherapy; IOIC, intraoperative normothermic
intraperitoneal chemotherapy; EPIC, early postoperative intraperitoneal chemotherapy.
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2. Mortality and morbidity

The complication grade, as determined by using the
Clavien-Dindo system, is presented in Table 2. There was no
statistically significant difference between the groups (10.8%
in the EPIC group vs. 8.9% in the non-EPIC group, p=0.804).
All three grade I complications in the EPIC group were
catheter-related problems, such as prolonged drainage, and
were resolved by conservative treatment. All three grade I

Table 1. Patient characteristics

EPIC group (n=65)

Gender

Female 20

Male 45
Age (mean=SD, yr) 55.1+10.5
Size of tumor (mean +SD, cm) 6.9+29
Tumor location

Upper third 28

Middle third 19

Lower third 18
Pathological depth of invasion

pT2 0

pT3 13

pT4a 52

pT4b 0
No. of retrieved lymph nodes (mean +SD) 37.7+15.9
Pathological lymph node metastasis

pNO 6

pN1 10

pN2 17

pN3 32
Stage

1B 0

ITA 0

1IB 6

IITA 13

111B 24

IIC 22
Differentiation

Differentiated 24

Undifferentiated 41
Extent of gastric resection

Subtotal gastrectomy 34

Total gastrectomy 31
Adjuvant chemotherapy

Yes 16

No 49

complications in the non-EPIC group were wound problems,
such as seroma, or infections that were treated by conserva-
tive treatment or bedside drainage with wound care.

There was one grade II complication in each group. In the
EPIC group, one minor anastomotic leak occurred, but
resolved after fasting and total parenteral nutrition. There
was one grade Illa complication in the EPIC group, a peri-
toneal abscess, which was controlled by percutaneous
drainage and the administration of antibiotics. In the
non-EPIC group, more grade III complications occurred.

Non-EPIC group (n=180) p-value

0.366

68

112
55.7+10.0 0.706
6.9+3.0 0.736
0.120

73

75

32
0.246

2

37

132

9
38.4+15.2 0.979
0.158

30

14

39

97
0.433

26

20

61

71
0.540

58

122
0.665

100

80
0.907

43

137

EPIC, early postoperative intraperitoneal chemotherapy; SD, standard deviation.
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There were six grade Illa complications that were controlled
by percutaneous drainage procedures, and three grade IITb
complications treated by reoperation under general anesthe-
sia. There were no grade IV complications. There were two
postoperative deaths (grade V) within 90 days of the surgery
in the EPIC group, and three in the non-EPIC group; the dif-
ference was not significant (3.1% vs. 1.7%, p=0.611). In the
EPIC group, two patients had transient leucopenia of higher
than grade III, as classified by the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE)
ver. 4.0.

3. Survival analysis

There were 149 gastric cancer-related deaths. There were
29 cancer-related deaths (44.6%) in the EPIC group and 120
(66.7%) in the non-EPIC group. This difference was statisti-
cally significant (p=0.002). In univariate analyses of the clin-
ical and pathological factors, the presence of pathological
lymph node metastasis, extent of gastric resection, histolog-
ical differentiation, and administration of EPIC had prog-
nostic significance (Table 3). The 5-year overall and gastric
cancer-specific survival rates of the EPIC group were 47.4%

and 53.1%, respectively, and those of the non-EPIC group
were 26.7% and 29.7%, respectively (p=0.012 and p=0.011).
In a multivariate analysis with the factors that showed prog-
nostic significance in univariate analyses (such as patholog-
ical lymph node metastasis, histological differentiation,
extent of gastric resection, location of the primary tumor, and
administration of EPIC), pathological lymph node metasta-
sis, histological differentiation, extent of gastric resection,
and administration of EPIC were found to be independent
prognostic factors for the overall survival and gastric cancer-
specific survival (Table 4).

4. Recurrence pattern

The lower rate of recurrence in the EPIC group was signif-
icantly different from the rate of recurrence in the non-EPIC
group, as described above. An analysis of the patterns of fail-
ure revealed a significantly lower rate of peritoneal dissem-
ination after surgery with EPIC. Of the 149 patients whose
modes of recurrence were identified, more peritoneal recur-
rences were observed in the non-EPIC group (32.2% vs.
18.5%, p=0.038). There were no statistically significant differ-
ences in the recurrence sites, except for peritoneum (Table 5).

Table 2. Complication classification using the Clavien-Dindo system

Non-EPIC group (n=180)

Morbidity EPIC group (n=65)
Grade I 3(4.6)
Wound complications 0
Prolonged drainage 3
Grade II 1(1.5)
Anastomotic leakage 1
Grade III
IIa 1(1.5)
Bleeding
Peritoneal abscess 1
Adjacent organ injury 0
IITb 0
Bleeding 0
Intestinal obstruction 0
Peritoneal abscess 0
Grade V 2(3.1)
Acute myocardial infarction 0
Anastomotic leakage 1
Pneumonia 1
Total 7 (10.8)

3(1.7) 0.346

16 (8.9) 0.804

Values are presented as number (%). EPIC, early postoperative intraperitoneal chemotherapy.
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Discussion

One of the most common patterns of treatment failure in
gastric cancer after potential curative surgery is peritoneal
carcinomatosis, especially after gastric resection combined
with extended lymph node dissection. Approximately half
of the recurrences are peritoneal carcinomatoses [3,10]. The
presence of intraperitoneal free tumor cells is a key factor in
peritoneal recurrence. Free peritoneal tumor cells are often
found in serosa-positive gastric cancer patients, and the via-
bility of these cells is high [11]. It is assumed that tumor cells
are shed into the peritoneal cavity from the tumor with

Table 3. Univariate survival analyses

Variable Overall 5-YSR (%)
Gender

Female (n=88) 27.6

Male (n=157) 34.7
Size of tumor

<70 mm (n=138) 36.0

>70 mm (n=107) 27.6
Tumor location

Upper third (n=50) 27.4

Middle third (n=94) 31.3

Lower third (n=101) 36.9
Pathological depth of invasion

pT2 (n=2) 0

pT3 (n=50) 27.0

pT4a (n=184) 33.6

pT4b (n=9) 33.3
Pathological lymph node
metastasis

NO (n=36) 45.3

N1 (n=24) 50.0

N2 (n=56) 41.1

N3 (n=129) 213
Differentiation

Differentiated (n=82) 41.6

Undifferentiated (n=163) 27.5
Extent of gastric resection

Subtotal (n=134) 37.7

Total (n=111) 26.1
Adjuvant chemotherapy

Yes (n=186) 313

No (n=59) 35.2
EPIC

Yes (n=65) 474

No (n=180) 26.7

p-value

< 0.001

serosal invasion [12]. Free peritoneal tumor cells are also pos-
tulated to be released by surgical procedures [13]. The detec-
tion of free tumor cells by peritoneal lavage cytology has
been found to be associated with poor oncologic outcomes,
and it is the most important factor that predicts peritoneal
recurrence [14,15]. In a recent review analyzing 11 articles,
Leake et al. [16] reported that the accuracy, sensitivity, and
specificity of conventional peritoneal cytology predict peri-
toneal recurrence. The detection rate of tumor cells by peri-
toneal cytology increases with the serosal involvement of
tumors [14,17]. However, the use of peritoneal cytology to
make decisions regarding the use of immediate prophylactic
measures to protect against peritoneal recurrence is limited

Disease-specific 5-YSR (%) p-value

0.352 0.192
314
38.2

0.085 0.309
38.7
322

0.087 0.036
28.3
322
43.3

0.915 0.669

28.5
37.6
429
< 0.001

49.9
56.7
454
23.7

0.003 0.002
45.8
30.8

0.013 0.009
419
29.0

0.840 0.485
34.8
395

0.012 0.011
53.1
29.7

The numbers in parentheses are the number of patients. 5-YSR, 5-year survival rate; EPIC, early postoperative intraperitoneal

chemotherapy.
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Table 4. Multivariate survival analysis for overall survival and gastric cancer-specific survival

Overall survival

Gastric cancer-specific survival

Variable
Hazard ratio 95% CI p-value Hazard ratio  95% CI p-value

Differentiation 0.012 0.008

Undifferentiated / 1.520 1.088-2.124 1.607 1.118-2.311
Differentiated

Pathological lymph <0.001 <0.001
node metastasis
N1/NO 0.739 0.368-1.485 0.396 0.739 0.347-1.572 0.432
N2/NO 1.170 0.679-2.017 0.572 1.144 0.636-2.060 0.653
N3 /N0 2.105 1.260-3.222 0.003 2.083 1.257-3.453 0.004

Extent of gastric resection 0.029 0.021
Total /Subtotal 1.405 1.037-2.214 1.466 1.060-2.208

EPIC 0.020 0.018
Yes/No 0.657 0.456-0.947 0.636 0.430-0.940

CL, confidence interval; EPIC, early postoperative intraperitoneal chemotherapy.

Table 5. Analysis of the modes of recurrence

EPIC group (n=65)

Non-EPIC group (n=180)

No recurrence 30 (46.2) 47 (26.1) -

Unknown 6(9.2) 13 (7.2) 0.788

Recurrence 29 (44.6) 120 (66.7) 0.002
Peritoneal 12 (18.5) 58 (32.2) 0.038
Hematogenous 4(6.2) 19 (10.6) 0.336
Lymphatic 6(9.2) 15 (8.3) 0.825
Loco-regional 2(3.1) 12 (6.7) 0.365
Multiple 5(7.7) 16 (8.9) 0.806

Values are presented as number (%). EPIC, early postoperative intraperitoneal chemotherapy.

by the poor sensitivity of the technique and the wide varia-
tions in the rate of positivity between institutions. De Man-
zoni et al. [18] noted that in gastric cancers with serosal
invasion, the influence of peritoneal cytology on the survival
rate was not significant. Efforts to increase the detection rate
of intraperitoneal free tumor cells have been made using an
immunocytochemistry, reverse transcription polymerase
chain reaction, or the thin prep method. Positive peritoneal
cytology is now regarded as an indication of M1 disease by
the 7th edition of the AJCC staging system. Further, patients
with positive peritoneal cytology are generally regarded as
R1 resection even after potentially curative resection in ac-
cordance to the new Japanese Gastric Cancer Association
(JGCA) classification.
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At the time of enrollment, a dedicated cytologist was not
available; thus, peritoneal washing cytology was not recom-
mended. Therefore, our data cannot explain the effects of
EPIC in patients with positive peritoneal washing cytology.
Although the number of patients who received treatment
was small, and despite the fact that peritoneal chemotherapy
regimen was different from the one used in our protocol, a
recent study by Imano et al. [4] revealed a significant differ-
ent in the medial survival time.

The two major differences between IPC and systemic
chemotherapy are the route of administration, and the timing
of administration. The rationale for using the intraperitoneal
route for chemotherapy administration is based on the high
risk of peritoneal metastasis being a component of the first
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failure and the pharmacokinetics of intraperitoneal drugs
[19,20]. After radical surgery for gastric cancer, tumor cells
may either be completely resected or remained as a micro-
scopic disease. The time of surgery is the point in time at
which there is the smallest amount of the disease; thus, the
time when adjuvant treatment can be most effective. In
addition, free peritoneal tumor cells can escape from the con-
tact with chemotherapeutics soon after surgery by the
process known as ‘tumor cell entrapment’, which was
proposed by Sugarbaker et al. [13]. Therefore, the most com-
monly used technique is to perform an intraperitoneal treat-
ment (with or without hyperthermia) at the end of the gross
resection. IPC is delivered in the operating room or recovery
room or, at the very latest, within a few days from resection.
The disappointing results of delayed IPC emphasize the
importance of the timely administration of IPC [21].

Because the drains for EPIC are placed before the closure
of the abdominal wall, a decision to administer EPIC should
be made during the operation. The most accurate stage is the
pathological stage, which is usually not available during
surgery. Therefore, the intraoperative and clinical stages are
important tools in deciding whether to administer EPIC. In
this study, the authors” decisions were based on the clinical
stage, combined with the surgical stage. The prognostic sig-
nificance of the clinical stage has been reported [22,23]
Among patients with pathological stage II, Illa, or IIIb, pa-
tients with an overestimated surgical stage had a signifi-
cantly poorer survival rate than those with a non-
overestimated surgical stage [24].

Macroscopic serosal invasion, one of the most important
risk factors for the peritoneal dissemination of gastric cancer,
is a good criterion for the use of adjuvant IPC [23]. Patients
with lymph node metastasis may benefit from IPC; however,
it is difficult to predict which patients have positive nodes
[23].

Therefore, the indication for EPIC used in this study was
macroscopic serosal invasion. This is a simple and a reliable
mode of indication. Our study found similar 5-year survival
rates between patients with macroscopic serosal invasion
(cT4a) and patients with pathological serosal invasion (pT4a);
the gastric cancer-specific 5-year survival rates were 35.1%
and 37.6%, respectively.

The treatment of gastric cancer patients with adjuvant
systemic chemotherapy has not been satisfactory, except in
the Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer
(ACTS-GC) study [25]. A recent randomized clinical trial of
adjuvant chemotherapy for high-risk, radically resected gas-
tric cancer patients showed no benefit [1].

Yu et al. [23] reported that the use of EPIC to treat
advanced gastric cancer was effective, especially in stage III
patients. The 5-year survival rate for stage III patients in the
EPIC group was 49.1%, and that of the non-EPIC group was

18.4% (p=0.011). In a retrospective study, Shi et al. [5] found
that there was better survival in patients with adjuvant IPC.
They reported a significant difference in the 5-year overall
survival (IPC group 60.4% vs. non-IPC group 42.9%, p=0.001)
[5], which was also verified in the present study; the 5 year
overall survival rate in this study was 47.4% in the EPIC
group and 26.7% in the non-EPIC group. Shi et al. [5] re-
ported a significantly lower peritoneal recurrence rate in the
IP (+) group compared to the IP (=) group (22.5% vs. 12%,
p < 0.05). Although they reported similar results, there was
a big difference from our study in the time of IPC adminis-
tration. The median times for starting IPC in their protocol
were 33 days, whereas we started EPIC at least within 24
hours post-operation.

Zhu et al. [8] reported decreased peritoneal recurrence in
patients with hyperthermic intraperitoneal chemotherapy
with cisplatin and mitomycin (34.9% vs. 10.2%, p=0.0128),
and Zhu et al. [8] indicated that increased cytotoxicity of
large volume antitumor drug against peritoneal free tumor
cell was the cause of improving the survival rate.

A significant reduction in peritoneal recurrence (32.2% vs.
18.5%, p=0.038) was also observed in the present study.

The multivariate analysis revealed that the differentiation,
pathological nodal metastasis, use of EPIC, and extent of gas-
tric resection were independent prognostic factors. With
respect to lymph node metastasis, N1 and N2 did not show
a prognostic impact when compared with stage NO; how-
ever, N3 was found to be an independent poor prognostic
factor for the enrolled patients. The patients who underwent
total gastrectomy had a poorer prognosis than those who
underwent subtotal gastrectomy. It has been reported that
patients with proximal tumors have a poorer prognosis than
patients with distal tumors. Our data indicate that the loca-
tion of the tumor is a prognostic factor for gastric cancer-spe-
cific survival (p=0.036). The 5-year gastric cancer-specific
survival rate of patients with proximal gastric cancer was
28.3%, whereas that of patients with distal gastric cancer was
43.3%. However, the reason for the poorer prognosis of
patients with proximal gastric cancer is not fully understood.

Patients in the EPIC group showed better survival and ac-
ceptable complications. The reason for the better survival
might be attributed to the significantly reduced rate of peri-
toneal recurrence.

In this study, adjuvant chemotherapy did not show any
survival benefit. However, the result is hard to be convinced
since less than 30% of patients received adjuvant chemother-
apy, and the efficacy of administered regimens had not been
shown in those days. Therefore, a clinical trial comparing the
prognostic impacts of adjuvant EPIC and adjuvant systemic
chemotherapy with proven efficacy, such as S-1, should be
conducted in a future study for verification.

Although there were limitations in this retrospective
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study, the use of EPIC as an adjuvant treatment for macro-
scopically serosa-invading gastric cancer was found to have
the possibility of preventing peritoneal recurrence, thus
enhancing survival.

Conclusion

In the present study, we found that the use of EPIC as an
adjuvant treatment for gastric cancer with serosal invasion
has the potential to improve survival, largely due to the
reduced risk of peritoneal recurrence. Further clinical trials
to prove the efficacy of EPIC in comparison to systemic
chemotherapy should follow.
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