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[neoadjuvant intraperitoneal-systemic chemotherapy

protocol (NIPS)], peritonectomy, hyperthermic intraperi-

toneal chemoperfusion (HIPEC) and early postoperative

intraperitoneal chemotherapy has been developed. In INTRODUCTION

this article, we assess the indications, safety and ef-

ficacy of this treatment, review the relevant studies and ~ Peritoneal carcinomatosis (PC) is a stage IV factor of
introduce our experiences. The aims of NIPS are stage gastric cancer and has been generally associated with a
reduction, the eradication of peritoneal free cancer cells,  grim prognosis'™*. No standard treatment for PC has
and an increased incidence of complete cytoreduction been proposed and surgery or chemotherapy alone has
(CC-0) for PC. A complete response after NIPS was ob- no beneficial effect on survival.
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Sugarbaker and Yonemura propose a new multi-
modal treatment called cytoreductive surgery (CRS) plus
hyperthermic intraperitoneal chemotherapy (HIPEC)",
which utilizes surgery to reduce the visible tumor burden
and HIPEC to eradicate peritoneal micrometastasis and
peritoneal free cancer cells (PFCCs). Survival analyses af-
ter CRS plus HIPEC have shown that complete cytore-
duction is associated with an improvement in survival®.

Neoadjuvant chemotherapy has been proposed as a
method of reducing tumor burden before surgery, result-
ing in a higher incidence of complete cytoreduction'”. A
new bidirectional chemotherapy regimen [neoadjuvant
intraperitoneal-systemic chemotherapy protocol (NIPS)]
has been developed to reduce the volume and petitoneal
cancer index of PC". NIPS attacks PC from both sides
of the peritoneum: from the peritoneal cavity and from
the subperitoneal blood vessels. Accordingly, NIPS is
known as bidirectional chemotherapy.

Early postoperative intraperitoneal chemotherapy
(EPIC) can eradicate residual intraperitoneal cancer cells
before fibrin can accumulate around residual cancer cells
on the peritoneal surface.

In this review, the latest results of multidisciplinary
treatment consisting of bidirectional chemotherapy (NIPS),
CRS (peritonectomy), HIPEC and EPIC for patients with
established PC from gastric cancer are considered.

MULTIDISCIPLINARY THERAPY FOR THE
TREATMENT OF PC FROM GASTRIC
CANCER

The median survival period of patients with PC from
gastric cancer is reportedly 7 mo after diagnosis and
best-supportive care”. There are many reports exam-
ining the use of systemic chemotherapy but few have
focused on PC from gastric cancer. Intravenous 5FU
infusion, alone or in combination with other anticancer
drugs (FAMP FAMTX'™, has been used in patients
with advanced gastric cancer. Recently, Aj:mil7J reported
that DCF therapy (a combination chemotherapy using
docetaxel, CDDP and 5FU) exhibited a significantly bet-
ter survival outcome than CF (CDDP + 5FU) therapy.
However, these regimens have little effect on the survival
of patients with PC. To overcome the limitations of sys-
temic chemotherapy, a novel combination chemotherapy
regimen comprised of CRS and bidirectional chemo-
therapy (NIPS and EPIC) has been proposed[&loj.

Recently, a2 new drug named S-1 has been used for
the treatment of PC from gastric cancer in Japan. Posi-
tive results for response and for the improvement of
survival have been reported after the oral administra-
tion of S-1. Accordingly, S-1 or S-1 in combination with
other drugs, such as cisplatinum, paclitaxel, docetaxel
or irinotecan, has become the standard regimen for the
treatment of PC from gastric cancer.

Recently, new multidisciplinary therapies combining
CRS and perioperative chemotherapy have been report-
ed™"”. These therapies consist of NIPS, CRS, HIPEC and
EPIC (Figure 1).
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Figure 1 Treatment strategy for PC from gastric cancer. PC: Peritoneal
carcinomatosis; NIPS: Neoadjuvant intraperitoneal-systemic chemotherapy protocal;
HIPEC: Hyperthermic intraperitoneal chemoperfusion; EPIC: Early postoperative
intraperitoneal chemotherapy.

Patients who have been diagnosed with PC based on
the results of an exploratory laparotomy, diagnostic lapa-
roscopy or computed tomography are treated with NIPS
followed by CRS to enable complete cytoreduction. Im-
mediately after CRS, HIPEC is performed for one hour.
After surgery, EPIC is performed on postoperative days 1
to 5", and systemic chemotherapy is performed on post-
operative days 30-40.

NEOADJUVANT BIDIRECTIONAL
CHEMOTHERAPY (NIPS)

The aims of neoadjuvant chemotherapy (NAC) are
stage reduction, eradication of micrometastasis outside
the surgical field, and the improvement of resectability.
Usually, systemic chemotherapy is used for NAC. In the
late 1990s, TS-1, irinotecan, taxanes and docetaxel were
introduced and the response rate after monotherapy with
these drugs was around 20%. Combination chemotherapy
with S-1 and CDDP produced outstanding results, with
a response rate of 74%!'?. Yabusaki e/ a/"” reported the
results of NAC with S-1 and CDDP in 37 advanced
gastric cancer patients scheduled to undergo non-curative
resection. After 2 courses of treatment, the overall
response rate was 68%, but the response rate for patients
with peritoneal dissemination was only 14% (2/14). S-1
plus CPT-11 and CPT-11 plus CDDP produced a high
response rate of 42% and a long period of progression-
free survival, but treatment failure as a result of toxicity
was also observed! .

Ajani!” reported an excellent response rate (55.7%)
to systemic DCF therapy combined with docetaxel
(75 mg/m’ on day 1, q 3 wk), CDDP (75 mg/m’ on day
1, q 3 wk), and 5FU (750 mg/m” on days 1 to 5, q 3 wk)
However, the effects on PC were not described.

In addition, the one-month mortality rate and the in-
cidence of grade 3 or 4 toxicity after DCF therapy were
8% and 60% respectively. Accordingly, a high incidence
of postoperative complications can be expected during
the postoperative period after DCF therapy.
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Drugs Area under the curve ratio
5-Fluorouracil 250
Carboplatin 10
Cisplatin 7.8
Docetaxel 552
Doxorubicin 230
Etoposide 65
Gemcitabin 500
Irinotecan N/A
Melphalan 93
Mitomycin C 235
Mitoxantrone 115-255
Oxaliplatin 16
Paclitaxel 1000
Pemetrexed 40.8

These results indicate that systemic chemotherapies
have minimal effects on PC"™. In other words, the peri-
toneal cavity acts as a sanctuary against systemic chemo-
therapy probably because of the existence of a blood-
peritoneal barrier consisting of stromal tissue between
mesothelial cells and submesothelial blood capillaries'”.
This barrier accounts for a total thickness of 90 prnm.
Accordingly, only a small amount of systemic drugs are
capable of penetrating this barrier and passing into the
pertitoneal cavity so a higher percentage of the adminis-
tered drugs instead moves to the bone marrow and vital
organs other than the peritoneum, resulting in the devel-
opment of adverse effects.

In contrast, IP chemotherapy offers potential thera-
peutic advantages over systemic chemotherapy by gen-
erating high local concentrations of chemotherapeutic
drugs in the peritoneal cavity™”. This concentration
difference enables the exposure of small nodules of PC
before CRS and lowers the systemic toxicity. This advan-
tage of IP chemotherapy can be expressed by the area
under the curve (AUC) ratios of intraperitoneal versus
plasma exposure.

Table 1 shows the AUC IP/systemic for various
drugsUSJ. Relatively high AUC/systemic ratios were ob-
tained after the IP administration of paclitaxel, docetaxel,
gemcitabine, 5-fluorouracil and doxorubicin. These drugs
may be good candidates for IP chemotherapy. Other
important factors in the selection of drugs for IP chemo-
therapy are a high penetration activity into the PC nodules
and chemosensitivity. Each drug has its own penetration
depth into the peritoneal surface and the effective diffu-
sion distance into tissues reportedly ranges from 100 to
1000 pm'" """, Adriamycin can penetrate only 4-6 cell layers
of experimental tumors'”, but cisplatin and carboplatin
were confirmed to penetrate 1 to 2 mm from the surface
of PC nodules"”. The penetration distance depends on
the specific drug and type of tumor. Thus, any supetiority
of intraperitoneal chemotherapy over intravenous delivery
is limited to those PC patients with very small tumor vol-
umes of less than 2 mm.

An 7n vitro chemosensitivity test using the collagen-gel
method in human gastric cancer tissues' showed that
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the tissues were highly sensitive to 5-FU, carboplatin,
cisplatin and docetaxel. In an experimental PC model
using a highly metastatic cell line derived from human
gastric cancer in the peritoneal cavity, docetaxel, 5-FU,
carboplatin and TS-1 plus cisplatin were highly effec-
tive for improving the survival of nude mice” and the
IP administration of these drugs is expected to become
standard therapy for gastric cancer patients" """,

From these experimental results, a new bidirectional
chemotherapy combined with the oral administration of
S-1 and IP CDDP and docetaxel has been developed.
By simultaneously administering intravenous and intra-
peritoneal chemotherapy, a bidirectional diffusion gradient
can create a wider treatment area than single treatment.
As shown in Figure 2, a peritoneal port system (Hickman
Subcutaneous port; BARD, Salt Lake City, USA) was
introduced into the abdominal cavity under local anesthesia,
and the tip of the system was placed on the cul-de-sac of
Douglas. Then, a petitoneal wash cytology was performed
after 500 mL of physiological saline was injected into the
peritoneal cavity. To improve the accuracy of the cytology,
an immunohistochemical examination using monoclonal
antibodies for anti-human carcinoembryonic antigen
(TAKARA Bio INC,, Tokyo, Japan) and anti-human
epithelial antigen (DAKO, Copenhagen, Denmark) was
performed. A peritoneal wash cytological examination was
performed before and after NIPS.

Patients were treated with 60 mg/ m’ of oral $-1 (Taiho
Pharmaceutical Co., Ltd., Tokyo, Japan) for 21 d, followed
by a one week rest. On days 1, 8, and 15 after the start
of oral S-1 administration, 30 mg/ m” of Taxotere and
30 rng/m2 of cisplatinum with 500 mL of saline were
introduced through the port. This regimen was repeated
after a one week rest' .

Bidirectional chemotherapy is used before surgery to
reduce the peritoneal surface involved by PC and to eradi-
cate peritoneal free cancer cells (PFCCs). Accordingly, it
may facilitate a complete cytoreduction after chemother-
apy. This approach was given the acronym Neoadjuvant
Intra Peritoneal and Systemic chemotherapy (NIPS) 2
Yonemura ef a/'" reported the outcomes of 79 gastric
cancer patients with PC who were treated with NIPS:
no chemotherapy-related deaths after NIPS occurred in
this series. Furthermore, grade 4 bone marrow toxicity
developed in only 1 (1.3%) of the 79 patients. Renal dys-
function occurred in 3 patients (3.8%) but these patients
recovered fully. Accordingly, the new bidirectional chemo-
therapy regimen is considered to be a safe method'"”.

A distinctive complication of this treatment is sub-
cutaneous infection around the periportal space, which
was observed in 3 patients (3.8%). When infection
is detected, the port should be removed under local
anesthesia. Peritoneal lavage cytology from a port system
detected PFCCs in 65 (82.2%) of 79 patients before
NIPS; these positive cytology results became negative in
41 patients (63.0%) after NIPS". Positive cytology results
obtained before NIPS became negative in 4 (40.0%) of 10
patients after one treatment cycle. In contrast, 37 (67.2%)
of 55 patients with positive cytology results before NIPS
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Figure 2 Bidirectional chemotherapy for peritoneal carcinomatosis from gastric cancer.

Table 2 Operation methods in 30 primary gastric cancer

patients with PC after NIPS

Extent of gastrectomy
Total gastrectomy: 29
Distal gastrectomy: 1

LN dissection
D2 dissection: 29
D1 dissection: 1

Peritonectomy procedures
Diaphragm copula: right side 1, both side 2
Colon resection : 9
Hysterectomy + BSO: 9
Douglasectomy: 7
Small bowel/ mesentery resection: 4
Falciform ligament resection: 30
Morrison Pouch resection: 29
Omentectomy: 30
Anterior leaf of transverse colon: 29
Splenectomy: 28

Completeness of cytoreduction
Complete cytoreduction: 24 (80.0%)

PC: Peritoneal carcinomatosis; NIPS: Neoadjuvant intraperitoneal-systemic
chemotherapy protocol.

obtained negative cytology results after two or more cycles
of NIPS. Accordingly, NIPS is a very powerful treatment
modality for eradicating PFCCs and two cycles of NIPS is
recommended to achieve a negative cytology status.

NIPS reportedly adds to the morbidity and mortal-
ity of further surgical treatment™?". Table 2 shows the
surgical methods and the rate of complete cytoreduction
in our experience with 30 primary gastric cancer patients
who had a gastrectomy plus peritonectomy after NTPS'",
A total gastrectomy and D2 lymphadenectomy were pet-
formed in 29 patients and some parts of the peritoneum
were removed in combination with the gastrectomy. As
a result, a complete cytoreduction was achieved in 24 pa-
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tients (80%). No postoperative mortalities occurred but
morbidities occurred in 5 (16.7%) of the 30 patients, a
morbidity rate similar to that after a gastrectomy with an
aggressive lymphadenectomy'™,

After systemic neoadjuvant chemotherapy, a complete
PC response is very rare. Inokuchi ez a/* reported that
the response rate of PC after S-1 plus irinotecan was
69% (9/13), but no CR was expetienced for PC. Baba
also reported the limited effects of systemic S-1+CDDP
on PC from gastric cancer”. Figure 3A and B shows the
macroscopic and histologic changes in the primary tumor
after NIPS. Almost all the cancer cells have disappeared
and only mucin remains in the primary tumor. A histo-
logic change similar to that seen in Figure 3B corresponds
to a histological grade of 3, according to the general
rules for gastric cancer treatment in Japan™. A histologic
grade of 1 means the degeneration of cancer is detected
in less than two third of the tumor tissue, while a grade
of 3 means the complete disappearance of the cancer
cells. Histologic effects on primary tumors wetre found
in 25 of the 30 tumors, and Grade 1, 2 and 3 evaluations
were made in 10 cases (33.3%), 14 (46.7%) and 1 (3.3%)
respectively. In contrast, the complete histologic disap-
pearance of PC was observed in 15 (50%) of 30 patients
(Figure 4A-D). Stage migration from stage 4 to stage 1, 2
or 3 was experienced in 10 patients (33.3%). Accordingly,
NIPS is a powerful strategy for eradicating PFCCs and
macroscopic PC, resulting in stage migration[zg].

CRS USING PERITONECTOMY
PROCEDURES

The current state-of-the-art treatment for colorectal peri-
toneal dissemination is a comprehensive management
using CRS and HIPEC. Patients with a low tumor volume,
well/moderately differentiated tumors and complete
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Figure 3 A 34-year old female patient with PC from type 4 gastric cancer treated with NIPS. A: Macroscopic finding of resected stomach of patients treated with
NIPS; B: Histologic finding of resected stomach of patient treated with NIPS. Almost all cancer cells disappear and mucin alone was depicted in the primary tumor

(histological grade 3).

Figure 4 A 48-year old male patient with PC from gastric cancer treated with NIPS. A: Macroscopic finding of PC on bowel mesentery; B: After 2 courses of
NIPS, PC nodules shows fibrotic changes; C: Histologic findings of PC nodule obtained at the first operation of Figure 4A; D: Complete degeneration of cancer cells in

PC nodule obtained at second look operation after NIPS.

cytoreduction may potentially benefit from combined
treatment””. In gastric cancer patients with PC, no sur-
vival benefit has been reported by cytoreduction alone. In
contrast, CRS with peritonectomy plus HIPEC confers
a prolonged survival period“ol. Complete cytoreduction
is an essential factor for a good outcome and NIPS plus
peritonectomy may improve the incidence of complete
cytoreductionlzg’m. Glehen ¢t al™ reported that CRS and
HIPEC might have a survival benefit in highly selected
patients (good general condition, resectable primary
gastric cancer and PC).

However, NIPS might increase the risk of a perito-
nectomy procedure plus a gastrectomy combined with

(49
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a lymphadenectomy. Glehen reported a mean opera-
tion time of 5.2 h (range 1.5-9.5 h), a 30-d mortality rate
of 4% (2/49), and a major complication rate of 27%
(13/ 49)[32]. In our consecutive series of 96 gastric cancer
patients with PC, two hospital deaths (2%) occurred in
patients who died of MOF from pancreatic fistula and
sepsis. Postoperative major complications occurred in
30 (32%) patients (Table 3)[101. A second operation was
necessary in 4 patients who had complications from insuf-
ficiency of esophagojejunal anastomosis, bleeding, and
ileal and colonic fistula. Glehen reported a higher compli-
cation rate of 47% in patients who underwent extensive
CRS (gastrectomy combined with the removal of more
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Medical complication

Pulmonary complications 5(5%)
Surgical complication
Anastomotic leakage 11 (10%)
Fistula from small bowel 4 (4%)
Abdominal abscess 4 (4%)
Bleeding 3 (3%)
Pancreatic fistula 2 (2%)
Reoperation 4 (4%)
Bleeding 1
Drainage of abscess
From leakage 1
From bowel fistula 2

than 2 peritoneal zones) ¥ The magnitude of surgery, the
number of resected organs, the number of anastomoses
and the operation time are considered to have contributed
to the significantly higher complication rate.

To avoid futile aggressive treatments, the preopera-
tive stringent selection of patients must be emphasized.
Surgeons should have a large amount of surgical experi-
ence with gastrointestinal and genitourinary diseases and
an extensive knowledge of organ anatomy and physiology.
Surgeons must also be able to judge the balance between
the postoperative risk associated with the magnitude of the
peritonectomy and the survival benefit and quality of life.

Yan et al” reported the existence of a learning curve
with this procedure and recommended the accumulation
of experience to achieve an acceptable morbidity rate.
They proposed that at least 70 peritonectomy procedures
are needed to obtain a reliable level of surgical proficiency
and postoperative care. Surgeons who want to perform
this procedure must have a surgical team that includes an-
esthesiologists, nurses, pathologists, urologists, gynecolo-
gists and other experienced surgeons.

QUANTITATIVE ESTIMATION AND
PREOPERATIVE DIAGNOSIS OF PC

For the objective evaluation of the distribution and vol-
ume of PC, a quantitative staging system is needed. In the
Japanese Rules of Gastric Cancer, PC is classified into five
categories™: P0/Cy0, PO/Cyl, P1, P2 and P3. P0/Cy0
means no macroscopic disease and a negative peritoneal
wash cytology; PO/Cyl means no macroscopic PC but a
positive peritoneal wash cytology; P1 means PC in the up-
per abdomen above the transverse colon; P2 means sev-
eral countable PC in the peritoneal cavity; and P3 means
numerous PC in the peritoneal cavity. The size of the PC
is not taken into consideration in the Japanese staging sys-
tem. The Japanese staging system itself has been shown
to be an important prognostic factor. Significant survival
differences in the survival rates were observed between P1
vs P2, P1 s P3, and P2 »s P3 group (Figure 5).

A unique point of the Japanese classification is the
performance of a cytological examination using peri-
toneal wash fluid, even in patients who are scheduled to
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Figure 5 Survival curves of patients with PC, according to the Japanese
classification. P1 vs P2: P < 0.025, y* = 4.979; P1 vs P3: P < 0.001, * =
61.13; PO/Cy1 vs P2, P3: Not significant.
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Figure 6 Positive rates of peritoneal wash cytology according to the
diameter of serosal involvement of primary tumor. Intraoperative cytological
examination of the peritoneal wash solution using 200 mL of saline in 637 patients
who had no macroscopic PC.

undergo a potentially curative resection. The peritoneal
wash cytology is usually negative when the macroscopic
diameter of the serosal invasion of the primary tumor
is smaller than 2 cm (Figure 6). Furthermore, for serosal
involvement with a diameter larger than 5 cm, the
peritoneal wash cytology was reportedly positive in 66%
(101/153) of the patients™.

PFCCs have a high proliferative activity (Figure 7)
because the Ki-67 labeling rate of PFCCs is high (median
value, 60%)"**!. The median survival time of patients
with a positive cytology result is 6 mo, and the survival
cutve of patients with PO/Cyl is not statistically sig-
nificant, compared with that of patients with P1, 2, or
3 statuses (Figure 5)[35’36]. Accordingly, PO/Cyl patients
are regarded as having stage IV disease. A peritoneal
wash cytology is recommended in gastric cancer patients
scheduled to undergo curative resection.

Gilly proposed a new staging system that takes into
account the size of the peritoneal nodules and their
distribution (localized or diffuse) (Table 4). This staging
system has also been confirmed to be an important
prognostic indicator™. Since the median survival of
patients with stage 1 or 2 is significantly better than those
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Figure 7 Ki-67 expression in PFCCs (immunocytochemical staining using
MIB-1). 'Cancer cell without expression of Ki-67. Arrows indicate Ki-67 positive
PFCCs with proliferative activity.

Stage Peritoneal carcinomatosis description
Stage 0 No macroscopic disease
Stage 1 PC less than 5 mm in diameter
localized in one part of abdomen
Stage 2 PC less than 5 mm
Diffuse in the whole abdomen
Stage 3 PC 5 mm to 2 cm in diameter
Stage 4 Large PC more than 2 cm

with stage 3 or 4 after CRS and HIPEC, patients with
stage 1 or 2 could be candidates for CRS and HIPEC.

Sugarbaker reported the use of the peritoneal can-
cer index (PCI)"". This staging system accounts for
both cancer distribution and size of peritoneal nodules
(Figure 8). The abdominal cavity is subdivided into 13
regions. Furthermore, the accurate sizes of the lesions
in each region are recorded by direct visual inspection
intraoperatively. The macroscopic PC nodules in each
zone are meticulously observed during surgery and scored
from 0 to 3. Score 0 means that no nodules seen; score
1 has nodules with a maximum visible diameter of up to
0.5 cm; score 2 a diameter of greater than 0.5 cm and up
to 5 cm; and score 3 refers to nodules with a diameter of
5 c¢m or greater. Peritoneal nodules are scored as lesion
sizes O through 3 (LS 0 to LS 3) (Figure 8). This method
quantifies the extent of PC in the peritoneal cavity, which
can be summated as a numerical scote (from 0 to 39).

Sugarbaker proposed a means of assessing the
completeness of cytoreduction (CC), classified into four
categories. CC-0 indicates complete cytoreduction with
no residual macroscopic nodule; CC-1 no macroscopic
tumor but a positive histological margin or suspicious
residual nodules less than 5 mm in diameter; CC-2 apparent
macroscopic residual tumors greater than 5 mm but up to 5
cm in diameter; and CC-3 residual PC greater than 5 cm in
diameter.

In patients with gastric cancer who have received a
CC-0 or CC-1 peritonectomy, involvement was not found
on the anterior abdominal wall and liver capsule but was
observed in other zones in 10 cases (2.7% to 35%). In
contrast, all the zones were involved in the CC-2 or CC-3
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group. A higher incidence of diffuse involvement on the
serosal surface or mesentery of the small and large bowel
was seen in the CC-2 or CC-3 group. In patients with
colorectal cancer, Koh ¢ al™ reported a predilection for
the right side, with spreading to the right upper and flank
regions being approximately twice as common as to the
left regions. The right upper and flank regions correspond
to the right diaphragmatic copula and the right para-
colic gutter of the ascending colon. Furthermore, they
reported that the small bowel segment was the least
commonly affected area, with the exception of the distal
leum. During laparoscopic examination and exploratory
laparotomy, surgeons should meticulously observe and
palpate these 13 zones™

The complete cytoreduction of patients with PCI
< 6 and PCI = 7 has been reportedly performed in
86% (49/57) and 39% (14/41) of patients respectively
(Figure 9). These percentages were significantly different
(P < 0.05). Complete cytoreduction was successfully
petformed in only 7% (2/27) of patients with a PCI
greater than 13.

The PCI score is believed to be an independent
prognostic factor and a PCI score capable of serving as
a threshold for favorable versus poor prognosis has been
reported. In colorectal cancer, the survival results are
significantly better when the PCI was lower than 1677,
In a series of patients with colorectal cancer, Sugarbaker
reported a 5-year survival rate of 50% when the PCI was
less than 10, a rate of 20% for an index of 11-20, and a
rate of 0% for an index > 20", Berthet ¢z a/*" reported
that the PCI score predicted a benefit to the visceral organs
from the treatment of sarcomatosis. The PCI score system
developed by Sugarbaker is now used wortldwide for the
assessment of PC from various tumor types.

As shown in Figure 10, the survival of gastric cancer
patients with a PCI score < 6 was significantly better than
those with a PCI scote = 7. Gastric cancer is believed to
have a more aggressive biological behavior than colorectal
cancer. These results suggest that carcinomatosis from
gastric cancer with a PCI score greater than 7 should be
treated with palliative intent without peritonectomy.

For the preoperative diagnosis of PC, computed
tomography (CT), magnetic resonance imaging (MRI),
PET-CT and laparoscopy are performed as part of the
stringent patient selection required for peritonectornym].
The availability and lower incidence of movement artifacts
make multi-sliced CT the most widely used imaging tool
for the detection of PC. High-speed spiral CT for the
detection of PC from gastric cancer has an accuracy of
78%, a sensitivity of 39%, a specificity of 94%, a positive
predictive value of 72% and a non-predictive value of
79%,

Koh et a™ reported the value of preoperative CT in
estimating PC in patients with colorectal carcinomatosis.
CT portrayed the lesion size accurately in 60% of the
cases, underestimated the size in 33% of the cases, and
overestimated the size in 7% of the cases. The detec-
tion rates depended on the peritoneal zone and lesion
size. The detection rates for PC are relatively high in the
epigastrium, right upper area, and pelvis with detection
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Figure 9 PCl scores and completeness of cytoreduction in 92 gastric
cancer with PC, who underwent CRS.

rates of greater than 50%. In contrast, the depiction rate
of small-bowel involvement had the lowest sensitivity,
with a rate of 8%-17%. The sensitivity of CT for detect-
ing PC was influenced by the lesion size and the false-
negative rate significantly decreased with the lesion size.
Small PC (< 0.5 cm) was visualized using CT with a
sensitivity of 11%, in contrast to a sensitivity of 94% for
PC with a diameter greater than 5 cm.

The diameter of PC from gastric cancer tends to be
smaller than that from colorectal cancer because gastric
cancer always has a poorly differentiated histological
type. In our study, the PCI estimated from preoperative
radiologic studies was compared with the intraoperative
PCI score. The mean preoperative radiologic PCI and the
operative PCI scores were 5.91 and 5.64 respectively (no
statistical signiﬁcance)m]. Koh also reported that radio-
logically determined PCI underestimated the true extent
of PC™.

PET provides a functional image, but this modality
has drawbacks for small lesions less than 5 mm in size.
Although a PET-CT system seems to be an attractive
option, the use of this modality is limited by its high cost
as well as its limitations in the assessment of low-volume
PC™. Since the accuracy of PET-CT for primary gastric
cancer and lymph node metastases was 54%" PET is
not recommended for the diagnosis of lymph node me-
tastases from gastric cancer®,
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Lesion size score

LS 0 No tumor seen

LS 1 Tumor up to 0.5 cm
LS 2 Tumor up to 5.0 cm
LS 3 Tumor > 5.0 cm

or confluence

92

Figure 8 Peritoneal cancer index (PCI). Peritoneal
cavity is divided into 13 parts, which ranges from 0 to
12. Accurate measurement of each region is scored as
lesion size 0 through 3. LS 0: No implants. LS 1 refers
to implants up to 0.5 cm in diameter; LS 2 refers to
implants greater than 0.5 cm and up to 5 cm; and SL3
refers to those 5 cm or greater in diameter.

100 n  MST (yr)
PCI<6 60 2.8 x’=15.4
80 - PCI=7 35 1.1 P <0.0001
g 60t
s
S 40 -
()
PCI<6
20 +
0 Il Il Il J
0 2 4 6 8

t/yr

Figure 10 Survival differences of gastric cancer patients with PC, according
to the PCl score.

Yang ¢z al*” reported that the accuracy of PET-CT
for PC from gastric cancer was 87%, with a sensitivity of
72.7%, a specificity of 93.6%, a positive predictive value of
82.1%, and a negative predictive value of 89.6%, and that
PET-CT showed a better sensitivity than high-speed spiral
CT (HSSCT). Because peritoneal deposits usually have a
low-volume density, all radiological modalities have major
limitations in the assessment of PC. Surgeons should keep
in mind that the preoperative radiologic PCI scores are al-
ways smaller than the intraoperative PCI scores.

Recently, diagnostic laparoscopy has enabled the direct
visualization of small PC but technical difficulties can
arise in the presence of adhesions caused by prior surgery.
Garofalo reported an excellent experience with laparoscopic
diagnosis for PC™. A good correlation was obtained
between the open surgery data and the laparoscopic PCI
scores. This method exhibited an excellent diagnostic
accuracy for PC on the small bowel mesentery which
cannot be correctly diagnosed using CT, MRI or PET-CT.

HYPERTHERMIC INTRAPERITONEAL
CHEMO-PERFUSION (HIPEC) AFTER
CYTOREDUCTION

An abundance of experimental and clinical evidence has
indicated that malignant cells are selectively destroyed
by hyperthermia in the range of 41°C to 43°C. Hyper-

February 15, 2010 | Volume 2 | Issue 2 |



Yonemura Y et a/. Peritoneal carcinomatosis and gastric cancer

thermia impairs DNA repait, protein denaturation and the
inhibition of oxidative metabolism in the microenviron-
ment of malignant cells and increases cell death”**™,
Unfortunately, heat alone at such a low clinically applicable
temperature cannot eradicate cancer cells because of
a mechanism known as thermal tolerance that acts via
the up regulation of heat shock protein[%]. However,
hyperthermia enhances chemotherapy efficacy and the
combination of heat and anti-neoplastic drugs frequently
results in increased cytotoxicity. Some chemotherapeutic
agents augment cytotoxicities in combination with mild
hyperthermia. Such effects have been reported for
mitomycin C, cisplatinum, docetaxel, gemcitabine and
irinotecan'™". An additional factor iz vive is increased
drug penetration which is observed at temperatures
above 39-42°C™"\. Tos et al'” reported that CBDA and
cisplatinum penetrated 2-3 mm from the surface of
experimental PC in rats but that penetration was limited
to within 1-2 mm without hyperthermia.

Drug selection is very important when combined
with hyperthermia. In HIPEC, a direct cytotoxic agent
is needed. Anti-metabolites are not suitable because the
duration of exposure is too short. Agents with large
molecular weights have more favorable pharmacokinetics
because of the delay in absorption resulting from the
maintenance of high loco-regional concentrations in the
peritoneal cavity. Rapid renal clearance may decrease side
effects. Drugs that act synergistically with hyperthermia
should be chosen. In HIPEC for gastric cancer,
mitomycin C and CDDP, which have synergistic effects
when used with hyperthermia, are typically used.

According to pharmacokinetic studies, approximately
70% of the administered mitomycin C is eliminated from
the perfusate after 2 h of HIPECP". With cisplatinum,
75% is lost from the perfusion fluid after a dwelling time
of 90 min®" and only 20% of the cisplatinum reaches
the systemic circulation. The targeted tumor nodules may
thus absorb a high proportion of this drug after 90 min
of HIPEC. However, 30 min of HIPEC is probably too
short for the optimal absorption of cisplatinum by the
tumor nodules. Accordingly, 90-120 min might be more
beneficial.

However, a long duration of HIPEC may increase the
operation time and the incidence of morbidity. Yan ez al™
reported that a meta-analysis did not show a significant
difference in the incidence of perioperative mortality
between the HIPC and control groups. However, the
meta-analysis did show a significant increase in the
incidence of intra-abdominal abscess and neutropenia in
the HIPEC group.

To date, intraperitoneal chemotherapy and hyper-
thermia have been investigated as possible treatment
options for PC from ovarian, colorectal and gastric cancer.
For advanced ovarian cancer, intraperitoneal chemo-
therapy in combination with CRS has been declared
the standard practice®™. For colorectal carcinomatosis,
a randomized trial demonstrated a superior survival
rate in patients receiving CRS and HIPEC, compared
with traditional systemic chemotherapy and CRS"*. In
addition, the combination of CRS plus HIPEC has been
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Figure 11 Survival curves of gastric cancer patients with PC after cyto-
reductive surgery and HIPEC using the CC score. The assessment of the
CC is classified into 3 categories. CC-0: The complete cytoreduction with no
residual macroscopic nodule; CC-1: No macroscopic tumor but positive margin
histologically or suspicious residual nodules less than 5 mm; CC-2: Apparent
macroscopic residual tumors greater than 5 mm but up to 5 cm; and CC-3:
Residual PC greater than 5 cm in diameter.

suggested as the standard care recommended for PC from
appendiceal cancer and mesothelioma. In gastric cancert,
two randomized clinical trials (RCTs) have reported
the prevention of peritoneal recurrence after curative
resection®™’, A recent meta-analysis of RCTs for gastric
cancer indicated that HIPEC with CRS is associated with
an improved overall survival®™,

Figure 11 shows the survival curves for 211 patients
with PC from gastric cancer who had been treated with
CRS and HIPEC. Patients who received a CC-0 or
CC-1 cytoreduction survived significantly longer than
those who had received a CC-2 or CC-3 CRS. Before
performing HIPEC, surgeons should remove as many
PC nodules as possible. Because the depth of drug
penetration is limited to 1-3 mm, the residual tumor
burden should correspond to a status of CC-0 or CC-1.
These results strongly suggest that HIPEC just after CRS
can improve the survival of patients who have received a
CC-0 or CC-1 cytoreduction. Gastric cancer spreads not
only via transcoelomic routes, but also #a lymphatic and
hematogenous routes. Patients with both PC and distant
lymph node metastasis, such as para-aortic lymph nodes
or hematogenous metastasis, should be excluded from the
indications for CRS and HIPEC.

As shown in Table 5, a multivariate analysis revealed that
both NIPS and CC-0 or CC-1 wete independent prognostic
factors of a good prognosis after CRS plus HIPEC. The
best indications for CRS + HIPEC are localized PC (PCI
less than 6) from resectable gastric cancer that has been
removed completely duting a petitonectomy.

EARLY POSTOPERATIVE
INTRAPERITONEAL CHEMOTHERAPY
(EPIC)

EPIC is started during the early postoperative period
as soon as the patient’s physical condition allows. It is
started at the time of minimal residual tumor burden
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Clinicopathologic factors xz P Relative 95% CI
risk levels Peritoneum Lymph node Liver The others

Sex (male vs female) 3.87 0.049 0.64 0.401-1.020 Negative 42/92 (45.6) 20/92 (21.7) 23/92(25.0) 7/92(7.6)

Age (=< 65 vs > 65) 0.08 0.653 0.74 0.098-5.595 cytological status

CC (CC-0,1 vs CC-23) 7.96 0.004 2.32 1.004-3.638 Positive 22/27 (81.4) 2/27 (74) 2/27(74) 1/27 (37)

NIPS (done vs not done) 5.28 0.016 3.06 1.008-4.046 cytological status

PCI(<6vs=7) 0.80 0.802 0.91 0.444-1.872

Histology (diff. vs poorly diff.) 0.59 0.442 0.62 0.252-4.399

. . . . Group n 1lyr 2yr 3yr MST(mo)
From gastric cancer, treated with cytoreductive surgery and hyperthermic 100
intraperitoneal chemotherapy (HIPEC) (cox proportional hazard model). TS-1 group 40 85% 47% 38% 216
PCI: Peritoneal cancer index. 80 Control group 57 28% 11% 7% 6
< L % = 20.965, P < 0.001 Wilcoxon test
100 [Ndissecton »# 1yr 2yr 3yr MST(mo) < 60 t
DO-1 13 23% 0% 0% 53 %’ T5-1 group
80 - D2 86 65% 33% 21%  17.2 3 0r
D3 11 29% 0% 0% 6.0

g 60t 20
= Control group
g P < 0.0001
= 40 - 0 L L L L L |
v 0 1 2 3 4 5 6

N
o
T
O
@
S~
w)
=

tlyr

Figure 12 Survival curves of P0/Cy1 patients without distant metastasis,
according to the extent of lymph node dissection.

before the residual cancer cells can become entrapped
in postoperative fibrin depositsl“’sgl. EPIC regimens
with cell-cycle dependent drugs in 500 mL of saline are
administered on postoperative days 1-5 through a catheter.
Jeung e al"" started EPIC on the day of operation using
5-FU (500 mg/m?* and cisplatinum (40 mg/m’, days 1-3)
administered over a four weeks interval. The predominant
toxicity was neutropenia and nausea/vomiting. The
authors recommended EPIC for the treatment of patients
with resectable gastric cancer with PC who had a good
performance status (PS-0 of PS-1). Yu ¢ a”" performed
an RCT consisting of 248 advanced gastric cancer patients
treated with surgery plus EPIC (mitomycin-C plus 5-FU)
and surgery alone. The surgery plus EPIC group had
a superior overall survival, compared with the surgery
alone group. In a subgroup analysis, the improvement in
the survival rate was found to be statistically significant
for patients with gross serosal invasion and lymph node
metastasis. The authors recommended the use of EPIC
for the treatment of stage 3 or 4 advanced gastric cancer
patients with T3 or N+.

FAILURE ANALYSIS OF RECURRENT
DISEASE FOLLOWING CRS AND
PERIOPERATIVE INTRAPERITONEAL
CHEMOTHERAPY

After complete cytoreduction and perioperative intraperi-
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Figure 13 Survival of P0, Cy1 patients treated with gastrectomy+
postoperative TS-1 therapy and gastrectomy alone.

toneal chemotherapy for PC from colorectal cancer,
about two thirds of patients experienced recurrences. The
most common type of recurrence was a localized intra-
abdominal recurrence and the median time for progres-
sion was 9 mo.

Unfortunately, approximately 75% of the patients
who underwent a complete cytoreduction and HIPEC
developed recurrences. In the 111 gastric cancer patients
with PC who received CC-0 or CC-1 CRS and HIPEC,
65 patients experienced recurrences. The median surviv-
al period was 9.5 mo. Thirty-one (48%) and 51 (78%) of
the patients died from recurrences at one and two years
after CRS + HIPEC respectively. Four patients died of
peritoneal (3 patients) or bone (one patient) recurrences
5-7 years after CRS + HIPEC. Thirty-seven patients had
diffuse intraperitoneal recurrences, 5 had bone metas-
tasis, 2 had lymph node recurrences and one had a skin
recurrence.

For the treatment of localized intraperitoneal recur-
rences of colorectal cancer, surgical treatment, such
as a second CRS, or intraperitoneal chemotherapy can
result in long-term survival. In gastric cancer patients
however, almost all recurrences are diffuse intraperitoneal
recurrences. To prevent recurrence and prolong the
survival of gastric cancer patients after CRS and HIPEC,
EPIC and late systemic chemotherapy are mandatory.

TREATMENTS FOR PATIENTS WITH A
PO/CY1 STATUS

As already mentioned, a PO/Cy1 status means the absence
of macroscopic PC but a positive cytological examination
of peritoneal washing fluid. The survival of P0/Cyl
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patients after gastrectomy is very poor, with a 5-year
survival rate of less than 5% because of the persistence
of micrometastases outside the surgical field. Since no
effective chemotherapy regimens for PC have been
reported, some Japanese surgeons do not recommend
petforming a gastrectomy for PO/Cyl patients. In general
however, a gastrectomy is believed to improve the survival
of these patients. No reports describing the efficacy of
lymph node dissection in P0/Cyl patients have been
made. As shown in Figure 12, patients who received
a D2 dissection showed a superior survival outcome
when compared with patients who received a D1 or D3
dissection. Furthermore, patients with D number = pN
showed a significantly better survival outcome than those
with D < pN. These results may indicate that lymph node
dissection improves the survival of P0/Cyl patients™,

A bursectomy, used to resect peritoneal deposits
within the omental bursa, is considered an essential
procedure for gastric cancer surgery. Yamamura ef a/*
studied the PFCCs and CEA or cytokeratin 20 mRNA
signals in the omentum and other peritoneal zones in the
same patients. CEA/cytokeratin 20 mRNA signals could
be detected simultaneously in the omental bursa and
zones other than the omentum. Accordingly, P0/Cyl
patients cannot be cured by a gastrectomy + omento-
bursectomy because invisible viable cancer cells persist
after the omentectomy. They proposed that a routine
bursectomy could be omitted from radical gastrectomy
even for curable gastric cancer patients.

If PO/Cyl patients are treated with NIPS (Figure 2),
the PFCCs can be eradicated in two-thirds of the patients.
Accordingly, PO/Cyl patients should undergo NIPS
followed by CRS.

As shown in Table 6, peritoneal recurrence is the main
site of recurrence after curative resection for P0/Cyl
patients. Accordingly, a gastrectomy combined with che-
motherapy to control peritoneal recurrences should be
performed.

For the multimodal therapy of P0/Cyl patients, Yo-
nemura ¢f al*” reported the use of a combination therapy
comprised of radical gastrectomy and postoperative S-1
therapy. After radical gastrectomy, 35 patients were treated
with oral S-1 (80 mg/mz) for 28 consecutive days fol-
lowed by a 14-d rest. This schedule was repeated every
6 wk (S-1 group). The other 66 patients did not receive
any chemotherapy (control group). The patients in the S-1
group survived significantly longer than those in the con-
trol group (Figure 13) (P < 0.0001). The two-year survival
rates of the control and S-1 groups were 9% and 53%,
respectively. Recurrences were not observed in 15 patients
(43%) in the S-1 group and 3 patients (5%) in the control
group. Peritoneal recurrences after S-1 treatment and in
the control group were obsetved in 11 (31%) and 34 (52%)
patients respectively (P < 0.05).

The Cox proportional hazard model showed that S-1
treatment was an independent prognostic factor and the
relative risk of the S-1 treatment group was 0.17-fold lower
than that of the control group. Major adverse reactions
included myelosuppression and gastrointestinal toxicities
but these effects were generally mild and no treatment-
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related deaths occurred. Thus, S-1 treatment appears to be
a safe and effective postoperative chemotherapy treatment
for patients with a PO/Cyl status.

Yonemura ef al” reported an effect of HIPEC in
P0/Cyl patients and the 5-year survival rate of 15 PO/
Cy1 patients after gastrectomy plus HIPEC was 42%.

FUTURE PROSPECTS FOR THE
TREATMENT OF PC FROM GASTRIC
CANCER

The development of effective intraperitoneal chemo-
therapy regimens and new regimens of systemic
chemotherapy is awaited. Recently, new molecules with
important roles in the formation of PC have been reported
and molecular targeting strategies for these molecules will
soon be exploited. Surgeons should combine CRS and
perioperative chemotherapy using new anticancer agents
for patients with PC.
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