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Introduction

A major problem after surgery for serosa-invasive gas-
tric carcinoma is early postoperative peritoneal me-
tastasis, which is encountered in more than 60% of
patients [1]. Despite the recent advances in surgical pro-
cedures and adjuvant chemotherapies, no satisfactory
outcomes are available, because of residual micro-
metastases or free-floating carcinoma cells already ex-
isting in the peritoneal cavity. Furthermore, extensive
lymph node dissection may, in itself, be responsible for
opening lymphatic channels and spreading viable tumor
cells [2].

Hyperthermia has been developed as an anticancer
therapy and has been employed clinically for its direct
cytotoxic effect and synergy with some types of chemo-
therapeutic agents. Since Spratt et a1. [3] introduced
intraperitoneal hyperthermic chemotherapy for the
treatment of peudomyxoma peritonei in 1980, several
positive reports have been published. We report here a
prospective controlled clinical analysis of 103 patients
with serosa-invasive gastric carcinoma, carried out to
evaluate the beneficial effect of surgery plus intraperito-
neal hyperthermo-chemo-perfusion (IHCP) on the
prevention and treatment of postoperative peritoneal
metastasis, and on survival.

Patients and methods

Between 1990 and 1995, 103 serosa-invasive gastric
adenocarcinoma patients were treated by surgical
resection. The male-to-female ratio was 66 to 37. The
mean age was 55.8 years (range, 26–70 years). Fifty-two
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warmed at an inflow temperature of over 44 °C.
Results. The overall 5-year survival rate (5-YSR) of the 103
patients was 29.97%. The 5-YSR was higher in the IHCP
group than in the control group, at 32.7% and 27.1%, respec-
tively, but this difference was not significant. However, in the
65 serosa-invasive gastric carcinoma patients (excluding those
in stage IV) the 5-YSR was significantly higher (P 5 0.0379) in
the IHCP group than in the control group, at 58.6% and
44.4%, respectively. On multivariate analysis of all 103 pa-
tients, depth of tumor invasion and lymph node metastasis
were significant factors for survival, whereas significant factors
on univariate analysis, such as combined operation, distant
metastasis, and peritoneal metastasis, were not significant.
The most common recurrence patterns were loco-regional in
the IHCP group and peritoneal in the control group.
Conclusion. Complete cytoreductive surgery plus IHCP is
effective to prevent and to treat peritoneal metastasis, and it
should lead to long-term survival for serosa-invasive gastric
carcinoma patients. However, there are some limitations for
the treatment of peritoneal metastasis in stage IV patients
with distant metastases.
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patients received surgery plus IHCP while 51 patients
underwent surgery only, as controls. This study was
prospective but nonrandomized. The patients who
agreed to have this hyperthermic therapy constituted
the IHCP group, while those who refused this therapy
constituted the control group. Subtotal or total gastrec-
tomy was performed in all patients. We excluded pa-
tients who received palliative bypass operations, those
aged over 71 years, those who failed to follow-up, and
those in whom the gastric carcinoma was pathologically
confirmed not to infiltrate the serosa (pT2) after IHCP.

Immediately after surgery, carried out with the
patients under hypothermic general anesthesia (32.4°–
34.0°C), silicon tubes were placed in the left subphrenic
space for infusion, and a Douglas pouch was placed
for drainage. As soon as the skin approximated, the
tubes were connected to a closed-circuit IHCP device
(Hyperex-P; Green Cross, GK, Korea). As perfusate,
we used 1.5% peritoneal dialysis solution mixed with
10µg/ml of mitomycin C (MMC); this was circulated, at
an infusion speed of 400ml/min, continuously for 2h.
The total dose of MMC was 40mg, and the total amount
of dialysis solution used for circulation was 4000cc.
Temperature was checked in the subphrenic and sub-
hepatic spaces, the paracolic gutter, and the Douglas
pouch, with thermocouples (Sensortek, Clifton, NJ,
USA). When the infusion temperature was maintained
at more than 44°C (range 44.5°C–45.7°C), the tempera-
ture in the entire abdominal cavity reached more than
42°C, and the body temperature did not exceed 38.5°C
at the end of perfusion (Fig. 1).

We performed at least six cycles of adjuvant chemo-
therapy with 5-fluorouracil (FU) or 5-FU in combina-
tion with MMC in 38 patients in the IHCP group and in

43 patients in the control group; the remaining patients
either refused this therapy or were in poor general
condition. The survival rate was calculated by the
Kaplan-Meier method. The Cox proportional hazard
model (SPSS Software, Chicago, IL, USA); was used for
multivariate survival analysis, and the Log rank and
Wilcoxon tests were used to assess statistical differences
between two groups.

Results

Operative and pathologic findings

Sixty-five patients underwent subtotal gastrectomy and
38 underwent total gastrectomy. More combined opera-
tions were performed in the IHCP group (n 5 22) than
in the control group (n 5 10), because of the stage
differences between the two groups, but there was no
significant difference in stage on multivariate analysis.
The average number of dissected lymph nodes was 32,
and there was no difference between the two groups
(Table 1). The mean size of the tumors was 5.4cm 3
3.9cm. All resection margins were free of carcinoma
cells, and the mean distances of the proximal and distal
resection margins from the tumor were 4.9cm and
3.5cm, respectively (Table 2).

According to the 1997 Internation Union Against
Cancer (UICC) classification, 17 patients were in stage
II, 24 in stage IIIA, 24 in stage IIIB, and 38 in stage IV.
Invasion into the gastric serosa was confirmed patho-
logically in all patients: pT3 in 86 and pT4 in 17. There

Fig. 1. Schematic drawing of intraperitoneal hyperthermo-
chemo-perfusion (IHCP). Arrows indicate flow direction of
perfusion

Table 1. Operative findings

IHCP

(2) n 5 51 (1) n 5 52 Total

Gastrectomy Subtotal 36 29 65
Total 15 23 38

Combined Op. 1 Organ 8 7 15
2 Organs 2 13 15
3 Organs 0 2 2

No of dissected LN (mean) 31.7 32 31.9

Op., Operation; LN, lymph node; IHCP, intraperitoneal
hyperthermo-chemo-perfusion

Table 2. Gross findings of resected specimen

IHCP

(2) (1) All

Tumor size (cm) 5.8 3 4.5 5.0 3 3.3 5.4 3 3.9
Proximal margin (cm) 4.8 5.0 4.9
Distal margin (cm) 3.7 3.3 3.5
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were metastases to the lymph nodes in 86 patients: pN0
(n 5 17), pN1 (n 5 29), pN2 (n 5 30) and pN3 (n 5 27).
Distant metastasis (M1) was found in 8 patients (Table
3). Moderately differentiated type (G2) and Borrmann
type III were the most common, shown in 56 and 65
patients, respectively, and these findings were not dif-
ferent between the two groups (Table 4).

Survival analysis

Mean duration of follow-up was 38 months. Among the
103 patients, recurrences developed in 71 patients, and
69 of these patients died during the course of this study.
The overall 5-year survival rate (5-YSR) was 29.9%, the
rates being 32.7% in the IHCP group and 27.1% in the
control group, but this difference was not significant
(Fig. 2). However, the survival rates in the 65 patients in

stages other than stage IV, excluding the 38 patients in
stage IV, were significantly different in the IHCP group
(58.5%) and the control group (44.4%) (P 5 0.0379)
(Fig. 3). In stage IIIB patients (Fig. 4), the 5-YSR was
41.7% in the IHCP group and 25% in the control group,
and this difference was significant (P 5 0.0417). On
multivariate analysis, depth of tumor invasion (P 5
0.0005) and lymph node metastasis (P 5 0.0005) were
significant factors for survival whereas the significant

Table 3. Pathologic findings

IHCP

(2) (1) Total

Depth of invasion T3 47 39 86
T4 4 13 17

Lymph node metastasis N0 9 8 17
N1 17 12 29
N2 14 16 30
N3 11 16 27

Distant metastasis M0 49 46 95
M1 2 6 8

Stage II 10 7 17
IIIA 14 10 24
IIIB 12 12 24
IV 15 23 38

Table 4. Tumor characteristics

IHCP

(2) (1) Total

Location A 33 29 62
AMC 3 2 5
C 5 6 11
M 10 15 25

Borrmann I 1 0 1
type II 18 6 24

III 28 37 65
IV 4 9 13

Differentiation G1 1 2 3
G2 28 28 56
G3 20 20 40
G4 2 2 4

A, Lower portion; C, upper portion; M, middle portion

Fig. 2. Comparison of overall survival in serosa-invasive
gastric carcinoma patients (n 5 103) between the IHCP group
(n 5 52; closed squares) and the control group (n 5 51; open
squares). Mon, Months. P . 0.05

Fig. 3. Comparison of survival between the IHCP group (n 5
29) and the control group (n 5 36) of serosa-invasive gastric
carcinoma patients in stages other than stage IV (n 5 65).
Symbols, As in Fig. 2. P 5 0.0379
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factors on univariate analysis such as combined opera-
tion, distant metastasis, and peritoneal metastasis were
not significant. In respect to the depth of invasion, the
difference in 5-YSR in pT3 patients between the IHCP
group (43.8%) and the control group (29.4%) was
significant (P 5 0.03), but the difference was not
significant in the pT4 patients (Fig. 5).

Recurrence patterns with disease progression

Sixty-nine of the 71 patients with recurrence died during
follow-up. We were able to define the recurrence pat-
terns or progression of disease in 53 patients but
could not do so in 18 patients. The median survival of
patients with recurrence was 36 months in the IHCP
group and 22.9 months in the control group, the differ-
ence arising because more patients died of early recur-
rence in the control group than in the IHCP group.
Peritoneal seeding and loco-regional recurrence were
the most common recurrence patterns; each of these
patterns were seen in 17 patients. The next most com-
mon recurrence patterns were hematogenous spread,
n 7 patients, and distant lymph node metastasis, in 2
patients. Loco-regional recurrences were encountered
in 44.4% of the IHCP group and peritoneal seeding
was encountered in 43% of the control group (Table 5).
Recurrence patterns in 9 of 13 patients with recurrence
in stage III in the IHCP group were confirmed by a
second operation and biopsy; only 1 patient had perito-
neal seeding, while the other 8 patients were shown
to have loco-regional recurrence included anastomosis
site recurrence or distant lymph node metastasis
(Table 6).

Complications

There was no difference between the two groups in the
complication rate; the rates were 36.5% in the IHCP
group and 33.3% in the control group. In the IHCP
group, almost all the complications were nonspecific,
except for two patients who had pancytopenia and one
with renal insufficiency (Table 7). Platelet and serum
albumin levels were decreased, and serum GOT/GPT
and alkaline phosphatase levels were increased, 1 to 3
days after IHCP, but these returned to the normal levels
within 2 weeks.

Fig. 4. Comparison of survival in stage IIIB patients (n 5 24)
between the IHCP group (n 5 12) and the control group (n 5
12). Symbols, As in Fig. 2. P 5 0.0417

Survival (Mon)

Survival (Mon)

Fig. 5a,b. Comparison of survival in a T3 patients (n 5 86)
and b T4 patients (n 5 17) between the IHCP and control
groups. a IHCP (n 5 39) vs control (n 5 47), P 5 0.031. b
IHCP (n 5 13) vs control (n 5 4), P . 0.05. Symbols, As in
Fig. 2

a

b
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Discussion

The survival rates of gastric carcinoma patients are
being improved through recent advances in surgical
procedures, such as lymph node dissection. Kodama et
al. [4] reported that the postoperative 5-YSR of serosa-
invasive gastric carcinoma patients who underwent
curative resection was significantly higher for those with
extensive dissection (D2 and D3) than for those with
simple resection of lymph nodes (D1). Maruyama et al.
[5] reported that the major effect of lymph node dissec-
tion was the reduction of loca1 recurrence. The pro-
portion of patients with local recurrence has been
decreased by the introduction of lymph node dissection,
but the majority (78%) of patients with carcinoma re-
currence had peritoneal dissemination, and they had to
accept the limits of radical surgery, especially in regard
to patients with peritoneal metastasis.

While it seems evident that lymph node dissection
improves the results of treatment of gastric carcinoma,

Table 6. Findings in stage III gastric cancer patients with recurrence who received IHCP and a second operation

Patients Survival
no. Stage First gastrectomy Second operation Recurrence pattern Survival status (months)

1 IIIA Total Open and close PS 1 DLN Dead 40
2 IIIB Subtotal Biliary bypass LR Dead 14
3 IIIB Subtotal LUAE LR Dead 31
4 IIIB Subtotal Incisional biopsy DLN Dead 34
5 IIIB Subtotal Biliary bypass LR Dead 37
6 IIIB Total Transverse colectomy LR Dead 39
7 IIIB Total Endoscopic biopsy AR Dead 58
8 IIIB Total Esophagectomy AR Alive 63
9 IIIB Subtotal Total gastrectomy

and hemicolectomy AR Alive 72

LUAE, Left upper abdominal evisceration; PS, peritoneal seeding; DLN, distant lymph node metastasis; LR, loco-regional recurrence; AR,
anastomosis site recurrence

contradictory reports have been published. Kaibara
et al. [6] reported that the 5-YSR was the same for the
D2 and D3 operations. Because the main pattern of
recurrence of gastric carcinoma with serosa invasion
is peritoneal metastasis, lymph node dissection, no
matter how far it is extended, is unlikely to prevent a
recurrence in such clinical circumstances. They also
confirmed that, on cytologic examination of peritoneal
lavage immediately after laparatomy, intraperitoneal
free carcinoma cells were detected in approximately
20% of patients who underwent potentially curative
resection. Furthermore, systemic lymph node dissection
may, in itself, be responsible for opening lymphatic
channels and spreading viable tumor cells. Therefore,
no satisfactory outcomes are available despite the re-
cent advances in surgical procedures, because of re-
sidual micrometastases and/or free-floating carcinoma
cells already existing in the peritoneal cavity. Nakajima
et al. [7] reported that the 5-YSR was 86% for patients
with intact serosa and negative cytology in peritoneal

Table 7. Complications

IHCP

(2) (1)

Wound abscess 4 3
Lung complication 2 3
Ileus 4 3
Reflux disease 2 2
Bleeding 1 1
Anastomosis leak 2 1
Abdominal abscess 2 1
Lymphocele 0 1
Biliary fistula 0 1
Renal failure 0 1
Pancytopenia 0 2

Total 17 (33.3%) 19 (36.5%)
------------------------------------------------------------------------

Table 5. Recurrence patterns with disease progression

IHCP

Recurrence patterns (2) (1) Total

PS 13 4 17
PS 1 LR 1 1 2
PS 1 DLN 0 1 1
PS 1 HS 1 1 2
LR 5 12 17
LR 1 DLN 0 2 2
LR 1 HS 1 1 2
DLN 0 2 2
HS 5 2 7
HS 1 DLN 0 1 1
Other 9 9 18

Total 35 36 71

PS, Peritoneal seeding; LR, loco-regional recurrence; HS,
hematogenous spread; DLN, distant lymph node metastasis

------------------------------------------------------------------------
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washings, whereas no patients with involved serosa and
positive cytology survived for more than 5 years. There-
fore, surgeons should bear in mind that the major prob-
lem after surgery for serosa-invasive gastric carcinoma
is early peritoneal recurrence that is beyond the scope
of any surgical measures.

In recent years, hyperthermia has been employed to
prevent peritoneal recurrence. In 1980, Spratt et al. [3]
introduced intraperitoneal hyperthermic chemotherapy
for the treatment of one pseudomyxoma peritonei pa-
tient. They noted that hyperthermic perfusion, warming
the abdominal cavity to 42°C, was a tolerable and safe
intracavitary carcinoma treatment. Continuous hyper-
thermic peritoneal perfusion (CHPP) combined with
MMC as a prophylactic treatment for peritoneal recur-
rence after surgery for gastric carcinoma has been tried
by Koga et a1. [8]. The treatment-related toxicities or
complications were not remarkable. Although thromb-
ocytopenia and elevated serum GOT and GPT levels
were observed in the CHPP group, the levels returned
to within the normal range at the end of 2 weeks after
CHPP. Fujimoto et al. [9] observed that there was no
evidence of peritoneal seeding at the time of the second
intraperitoneal hyperthermic perfusion (IPHP) in 1 of
15 patients with far-advanced gastric carcinoma who
had definite peritoneal seeding before the second IPHP.
Fujimoto et al. [10] also noted that IPHP with a closed-
circuit system was a safe antitumor treatment for gastric
carcinoma with peritoneal dissemination. Fujimura et
al. [11] reported that the independent effect of hyper-
thermia against carcinoma cells was strongly increased
at temperatures of 42.5°C to 43°C, and they experi-
enced complete response in 4 of 12 patients who re-
ceived a second-look operation after CHPP with a
peritoneal cavity expander.

In the present study, IHCP significantly improved
survival rate in serosa-invasive gastric carcinoma pa-
tients, except for those in stage IV, and IHCP was the
only significant factor for survival rate in stage III (P 5
0.037). This finding was a result of the prevention of
early postoperative peritoneal metastasis. Peritoneal
metastasis was the most common recurrence pattern
in the control group, whereas loco-regional recurrence,
which reflected a relative increase against the decrease
in peritoneal recurrence, was the most common
pattern in the IHCP group. This pattern was confirmed
by second operations or biopsies showing that, in 9
patients in stage III with recurrent in the IHCP group,
only 1 had peritoneal metastasis with lymph node me-
tastasis, while the other 8 patients had loco-regional
recurrence included anastomosis site recurrence or
distant lymph node metastasis. This result was similar
to the finding that CHPP was of benefit to prevent
peritoneal recurrence, as reported by Hamazoe et al.
[12].

However, in our study, the overall survival rate
including stage IV was not improved by IHCP. This
means that IHCP has some limitations in the treatment
of patients with severe peritoneal metastasis with distant
metastasis or deepseated carcinoma cells, such as pa-
tients with T4, N3, and P3 disease. We did not find a
survival benefit of IHCP in patients with peritoneal
metastasis in stage IV, for two reasons: (1) the small
number of patients with peritoneal metastasis and (2)
the presence of other factors together with severe peri-
toneal metastasis. Generally, severe peritoneal meta-
stasis is combined with T4 and N3 factors. As a result,
postoperative survivals were not improved in stage IV in
spite of IHCP. However, stage IIIB is the critical point
for cure by surgery plus IHCP, because there are fewer
combining factors involved than in stage IV. In our
study, although it is necessary to evaluate the results
with larger patient numbers, the 5-YSR in stage IIIB was
higher in the IHCP group than in the control group (P 5
0.0417). This means that far-advanced gastric carcinoma
without distant metastasis will be able to be treated by
complete cytoreductive surgery plus IHCP, whether or
not it is combined with peritoneal metastasis.

In respect to the complication rate, there was no dif-
ference between our two groups. Almost all the com-
plications were nonspecific, the exception being two
patients with pancytopenia and one with renal insuffi-
ciency in the IHCP group. These complications devel-
oped a relatively long time (6–13 months) after IHCP,
during postoperative adjuvant chemotherapy. There-
fore it is reasonable to assume that this complication
was not caused by the hyperthermic effect, but by the
chemotherapeutic agents, and that it could be pre-
vented by sufficient fluid supply and more careful
chemotherapy.

Even if IHCP is effective for preventing peritoneal
metastasis, such metastasis does not always develop in
all serosa-invasive gastric carcinoma patients. There-
fore, patients should be selected by sensitive laboratory
tests to predict peritoneal metastasis. Asao et al. [13]
reported that carcinoembryonic antigen (CEA) levels
in peritoneal washings could predict peritoneal recur-
rence after curative resection of gastric carcinoma. In
our previous study [14], we also foured that CEA in
peritoneal washings was more sensitive and more
specific for predicting nonvisible peritoneal carcinoma
cells than blood CEA levels or cytology. However, it
has the disadvantage of taking a long time to get the
result. Recently, a new method for rapid detection, us-
ing CEA mRNA with reverse transcription-polymerase
chain reaction (RT-PCR) in peritoneal washings [15,16]
has been introduced and should be useful.

In conclusion, complete cytoreductive surgery plus
IHCP is effective for preventing and treating peritoneal
metastasis in serosa-invasive gastric carcinoma patients,
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especially those in stage III. However, in patients in
stage IV with distant metastases, there are some limita-
tions for the treatment of peritoneal metastasis because
of other combining factors. In future, IHCP could be
employed only in patients selected by the new method
that predicts peritoneal metastasis at the time of
surgery.
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