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Abstract: Peritoneal carcinomatosis of gastric origin is an aggressive tumor entity. Historically it has been
considered a terminal disease with no long-term survival, due to limited therapeutic options. However,
as a better understanding of tumor biology has evolved in recent years, novel multimodal treatment
strategies incorporating intraperitoneal (IP) chemotherapy—hyperthermic intraperitoneal chemotherapy
(HIPEC), early postoperative intraperitoneal chemotherapy (EPIC), neoadjuvant intraperitoneal-
systemic chemotherapy protocol (NIPS)—and cytoreductive surgery (CRS) have demonstrated promising
oncologic outcomes and even long-term survival in selected patients. Most of the studies published to
date are retrospective in nature. These studies involve heterogenous patient populations, a wide variety of
chemotherapeutic drugs, and show wide variation in outcomes between institutions. Thus, it is difficult to
evaluate the results. This review summarizes our current knowledge regarding IP chemotherapy and CRS
for peritoneal metastases (PM) in gastric cancer (GC). We describe our institutional treatment regimens. We

also provide a brief overview of new, targeted therapies that may show promise in the future.
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Gastric cancer (GC) and peritoneal surgery are high: 50-60%. One-third of local recurrence
carcinomatosis—epidemiology and clinical is limited exclusively to the peritoneal cavity (2). In a series
appearance of 1,178 patients with metastatic or recurrent GC, about

46% had peritoneal disease and about 30% had evidence

GC is the fifth most commonly diagnosed malignancy of metastatic liver disease (3). Additionally, in about

and the third leading cause of cancer death worldwide, 5-20% of patients, peritoneal spread is already present at

with over 1 million new cases in 2018 (1). Rates are two- initial surgical exploration for potential curative resection

fold higher in men than in women. In several West Asian (4,5). In the presence of peritoneal metastases (PM) the
countries it is the most commonly diagnosed cancer and the prognosis is grim, with a median survival ranging from 1 to
leading cause of cancer death among males (1). The disease 13.8 months (6). Even in the absence of macroscopic PM
has a dismal prognosis, especially when presenting at an or distant metastatic disease, malignant cells have been
advanced stage. Recurrence rates after attempted curative detected in up to 6% of peritoneal washings in patients with
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GC, despite curative resection (7). Positive cytology, even
in the absence of visible peritoneal tumor, is considered to
be evidence of systemic dissemination, and the outcome in
these patients is similar to that of patients without PM (8).

Until recently, PM of gastric origin was regarded as a
terminal disease with almost no hope of long-term survival.
Response rates to systemic therapies are still very limited
(9-13). In a recent meta-analysis, Thomassen ez a/. evaluated
outcomes in a large population-based study of 5,520
patients with GC. PM was present in 706 patients (13%),
of whom 491 (9%) presented with PM as metastatic disease
only, and 215 (4%) with PM in combination with other
distant spread. Median survival in patients with PM as the
only metastatic site was 4.6 months, and in patients with
PM combined with other metastases the median survival
was 3.3 months (9). In 2016, Boerner et 4/. demonstrated
that multimodal treatment with gastrectomy, cytoreductive
surgery (CRS), and hyperthermic intraperitoneal
chemotherapy (HIPEC) is associated with improved
survival for patients with PM of advanced GC, compared
with matched pairs undergoing gastrectomy and palliative
chemotherapy alone [17.2 months (95% CI: 10.1-24.2)
in the CRS-HIPEC group vs. 11.0 months (95% CI:
7.4-14.6) for gastrectomy and chemotherapy alone;
P=0.004], resulting in a two-fold increase of 2-year survival
(35.8 vs. 16.9 %) (14).

Numerous studies in the last two decades have
demonstrated that the multi-modal treatment approach
incorporating CRS and HIPEC may improve the prognosis
for selected patients with PM from GC. This review
summarizes our knowledge to date regarding intraperitoneal
(IP) chemotherapy and CRS for PM in GC. We present the
following article in accordance with the Narrative Review
reporting checklist (available at http://dx.doi.org/10.21037/
ig0-20-284).

Chemotherapeutic regimen, dosing and
application

To ensure a maximal response to HIPEC, proper selection
of the chemotherapeutic drug, adequate duration of
drug perfusion, and optimal temperature of the heated
chemotherapeutic agent, are crucial. The most commonly
used drugs in HIPEC for GC are docetaxel (15),
oxaliplatin (16), cisplatin, doxorubicin and mitomycin
C (17). Multiple different chemotherapeutic regimens
have been used in HIPEC for GC in the past, and there is
currently no consensus regarding the optimal drug regimen
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or dosing strategy. The duration of perfusion also varies
based on the drug, ranging from 30 to 90 minutes. We
currently use cisplatin 75 mg/m’ plus doxorubicin 15 mg/m’
for 90 minutes at 42 °C as our standard chemotherapeutic
regimen in patients with PM of gastric origin.

A variety of different procedures for administering
HIPEC are currently utilized. The two best known and
most commonly used are the “open coliseum technique”
and the “closed abdomen technique” (18). While each
HIPEC perfusion technique has its own advantages and
shortcomings, there is a lack of prospective controlled
trials comparing the different methods of administration
with respect to efficacy. Hence, as stated at the consensus
meeting of the Peritoneal Surface Oncology Group
International in 2006, debate continues regarding the
best method for performing the HIPEC procedure. Some
data suggest that the open technique is associated with an
improved temperature homogeneity and better distribution
of the chemotherapeutic agent in the abdominal cavity; the
main drawbacks of the open technique are heat dissipation
and risk of exposing the surgical team to the chemotherapy
drugs. The closed abdomen technique avoids exposing the
surgical team but may lead to a more uneven distribution
of the drug and the associated heat (19-22). However,
there is not yet sufficient scientific evidence supporting
one technique over the other (20). We currently use the
closed abdomen technique because, in our experience,
it is a better way to keep temperatures consistently
above 42 °C; additionally, it provides the highest level
of safety for operators and operating room personnel,
as it minimizes exposure to the chemotherapeutic drug.
Several experimental studies have suggested that the closed
technique facilitates increased drug penetration into the
tissue due to higher intraabdominal pressure (23,24). The
potential shortcomings of the closed technique, such as
lack of direct control of the abdominal cavity, or possible
suboptimal heat and chemotherapy distribution, have not
been major drawbacks at our institution.

Clinical studies

Most of the data evaluating HIPEC in patients with GC
are based on retrospective case-cohort studies. The first
study on the effectiveness of CRS-HIPEC in the treatment
of PM in GC was reported by Yonemura et a/. in the late
1990s (25). This study included 83 GC patients with
concurrent peritoneal dissemination who underwent CRS-
HIPEC with mitomycin C (30 mg), etoposide (150 mg),
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and cisplatin (300 mg). The reported 1- and 5-year overall
survival (OS) rates were 43% and 11%, respectively; patients
who underwent complete resection survived significantly
longer than those with residual disease (median OS 14.0
vs. 6.8 months; P=0.03). Since then, multiple retrospective
studies have demonstrated a survival benefit with the use of
HIPEC for PM in GC. In a large meta-analysis including
11 randomized controlled trials and 21 non-randomized
control studies, Desiderio et a/. investigated the benefit of
HIPEC compared with standard oncological management
in GC (26). In patients with evidence of PM, an advantage
in the OS rate was found in the HIPEC group at 1-year
follow-up (RR: 0.67, 95% CI: 0.52-0.86), and at 3-year
follow-up similar survival rates were observed (RR: 0.99,
95% CI: 0.93-1.06; P=0.85). However, the use of HIPEC
was associated with a prolonged median OS of only
4 months (P<0.001).

In fact, most studies have reported a minor improvement
in OS of several months in patients undergoing CRS-
HIPEC, suggesting that only a limited, carefully selected
group of patients benefit from this surgical intervention.
The two most important prognostic factors for survival
are the extent of peritoneal disease and the completeness
of CRS (4,27). A large retrospective study by Glehen
et al. evaluated CRS with HIPEC (mitomycin
30-50 mg/m’ # cisplatin 50-100 mg/m” for 60-120 minutes
at 41-42.5 °C) or postoperative IP chemotherapy [day 1:
mitomycin C 10 mg/m? and days 2-5: 5-fluorouracil (5-FU)
600 mg/m’] in 159 patients with advanced GC (28). The
reported median OS was 9.2 months, with 3- and 5-year
survival rates of 18% and 13%, respectively. The only
independent prognostic factor for improved survival was
completeness of cytoreduction, which led to improvement
in OS to 15 months, with 3- and 5-year survival rates of
30% and 23 %, respectively.

Glehen et al. also showed that, in patients who had
undergone complete CRS (56%), the only prognostic
factor was the extent of PM (P=0.047). Despite complete
cytoreduction, no patient with a Peritoneal Cancer Index
(PCI) score >19 was alive at 6 months, and no patient with
a PCI >12 was alive at 3 years (28). The PCI cut-off of
seven was noted in a study by Yonemura er #/. The authors
reported that a PCI <6 was associated with improved
survival (median OS 2.8 vs. 1.1 years, P=0.0001) (29).
However, other investigators have shown that a PCI cut-
off of 12 is associated with improved survival after CRS-
HIPEC compared with CRS alone. A recent meta-analysis
by Coccolini et al., including nine trials and 748 patients in
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total, demonstrated that survival significantly changes above
and below a PCI of 12 (30).

Clearly, favorable oncologic outcomes are directly related
to the completeness of CRS. The evidence regarding
adjuvant use of HIPEC in the multi-modal treatment
approach in advanced GC was recently investigated in
the CYTO-CHIP study (31). This study included 277
consecutive patients with PM from GC, who were treated
with complete curative-intent CRS (no residual nodules
>2.5 mm) at 19 French centers. The propensity score
analysis compared patients undergoing complete CRS-
HIPEC with those undergoing CRS alone. Patients who
underwent CRS-HIPEC showed a tremendous survival
benefit of 18.8 months compared with 12.1 months for
CRS alone. The 3- and 5-year OS rates were 26.2% and
19.9% wvs. 10.8% and 6.4% (HR: 0.60; 95% CI: 0.42-0.86;
P=0.005), and 3- and 5-year recurrence-free survival (RFS)
rates were 20.4% and 17.1% vs. 5.9% and 3.8% (P=0.001),
respectively. These results suggest that the combination
of CRS and HIPEC is essential for achieving long-term
survival.

These studies have limitations, however. In addition
to the limitations inherent in their retrospective nature
they report a very heterogenous patient population, high
variation in outcomes between institutions, and a wide
variety of chemotherapeutic drugs, leading to difficulties in
evaluating the results and their true clinical impact.

The only prospective randomized phase III clinical
trial evaluating the impact of CRS-HIPEC in advanced
GC was a study from China by Yang et 4/, published in
2011 (32). Sixty-eight gastric PM patients were randomized
into CRS alone (n=34) or CRS-HIPEC (n=34). For
HIPEC, cisplatin 120 mg and mitomycin C 30 mg each in
6,000 mL of normal saline was used, and administered
at 43+0.5 °C for 60-90 minutes. The authors reported
significantly improved survival in patients undergoing
CRS-HIPEC versus CRS alone [11.0 months (95% CI:
10.0-11.9) vs. 6.5 months (95% CI: 4.8-8.2); P=0.046].
Multivariate analysis found that CRS-HIPEC, synchronous
PM, completeness of cytoreduction (CC 0-1), systemic
chemotherapy >6 cycles, and no serious adverse events were
independent predictors of better survival.

The results of this randomized controlled study, as
well as the evidence presented in prior retrospective
studies and meta-analyses, confirm that CRS-HIPEC
for GC patients with PM can result in a survival benefit
but should be restricted to a limited patient population
based on predefined selection criteria (see Table I). Several
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Table 1 Selection criteria for CRS-HIPEC in PM of gastric origin

Complete cytoreduction possible (CCO)
Low tumor burden (PCI <6)
Locoregional PM (P1)

No small bowel involvement
Synchronous PM

Well-moderately differentiated tumors
No signet ring cell type

Good performance status (ECOG 0)

Prior response to systemic chemotherapy

CRS-HIPEC, cytoreductive surgery-hyperthermic intraperitoneal
chemotherapy; PM, peritoneal metastases; PCI, Peritoneal
Cancer Index.

prospective randomized phase II-III trials evaluating
the use of HIPEC in GC are ongoing. In Germany, the
effectiveness of HIPEC after CRS in GC with limited PM is
currently being evaluated in a phase III study (GASTRIPEC
trial) (33). The results are expected to be published by the
end of 2020 and may answer some questions regarding the
benefit of HIPEC.

Morbidity and mortality

The aggressive multimodal treatment approach of CRS
combined with HIPEC is associated with substantial
morbidity, launching further debate. In a review of 441
GC patients undergoing CRS-HIPEC, Gill ez a/. reported
a high mortality rate of 4.8% and a morbidity rate of
21.5% (34). As systemic treatment options are still very
limited in patients with advanced GC, and survival is
especially dismal in the presence of PM, these mortality
and morbidity rates may be tolerable. However, CRS-
HIPEC should only be performed in experienced centers
by trained surgeons, as these factors have been shown to be
directly associated with morbidity and mortality. Glehen
et al. reported that the institution where the procedure
was performed was an independent prognostic indicator of
postoperative complications (28). It is reasonable to assume
that this reflects a more rigorous patient selection by more
experienced surgeons, a higher degree of surgical expertise
in performing complex CRS at high-volume centers, and
improved postoperative care, including management of
postoperative complications. Several studies have already
demonstrated a learning curve for surgeons performing
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CRS-HIPEC, with improved complication rates over
time (35-37). Smeenk ez a/l. reported a series of 323
patients undergoing cytoreduction for colorectal cancer
or pseudomyxoma peritonei. They showed a significant
increase in the rate of complete CRS, from 35.6% to 65.1%
over a period of 10 years, while the postoperative morbidity
rate decreased from 71.2% to 34.1% during that same time.

Neoadjuvant intraperitoneal-systemic
chemotherapy protocol (NIPS), HIPEC, early
postoperative intraperitoneal chemotherapy
(EPIC) and normothermic intraperitoneal
chemotherapy (NIPEC)

The proportion of patients with advanced GC who receive
a complete cytoreduction remains low. Even in selected
patients, less than one-third obtain complete removal of
all macroscopic disease (38). Therefore, the aim of new
therapies is to reduce the PCI prior to CRS in order
to lower the tumor burden and achieve a higher rate
of complete cytoreduction, as both factors are directly
linked with long-term survival. In 2006, Yonemura et al.
reported a new neoadjuvant IP and systemic treatment
modality for GC with peritoneal seeding: NIPS (39). The
rationale for this approach was to treat advanced GC with
peritoneal disease by two distinct routes: first, via systemic
circulation; and second, locally, by diffusion within the
peritoneal cavity, to enable a complete cytoreduction. In
this study, 61 patients received bidirectional chemotherapy
with IP docetaxel and carboplatin (40 mg docetaxel and
150 mg carboplatin were introduced in 1,000 mL of saline
on a weekly basis) in combination with intravenous (IV)
methotrexate (100 mg/m’) and 5-FU (600 mg/m’). The
authors reported a favorable partial response rate of 62%
with consecutive complete surgical resection of macroscopic
disease in one-fourth of patients. Median survival time for
all patients was 14.4 months, but 20.4 months in patients
with a complete cytoreduction. Based on these positive
findings, a new bidirectional IP and systemic induction
chemotherapy protocol was developed. The new protocol
used IP (day 1) and IV (day 8) administration of docetaxel
(30 mg/m”) and cisplatin (30 mg/m’) in combination with
oral administration of S1 (administered for 14 days at a dose
of 60 mg/m’/day), followed by a 7-day rest. This led to an
even more effective eradication of peritoneal free cancer
cells (PFCCs) and significant reduction in PCI score (40,41).
More recent clinical studies have confirmed these promising
results. Using NIPS, Fujiwara ez 4/. treated 25 GC patients
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with positive cytology or PM. The NIPS regimen consisted
of IP mitomycin C (20 mg/m” at day 1) and cisplatin
(20 mg/m” at day 1-5), followed by two cycles of IV
triplet chemotherapy of docetaxel (60 mg/m®), 5-FU
(350 mg/m”) and cisplatin (10 mg/m’). The reported median
OS was 27.1 months for patients with resolution of their
peritoneal disease, with either negative cytology or complete
regression of PM. This was significantly better than the
median OS of 9.6 months for the group with persistently
positive cytology or residual PM (42). In 2013, Canbay ez al.
reported short- and long-term outcomes in 194 GC patients
with PM who received NIPS. After induction treatment,
152 of 194 patients (78%) who showed negative results on
peritoneal cytology underwent CRS-HIPEC. Complete
response to NIPS was observed in 24% and complete
cytoreduction was achieved in 68%. Those patients with
response to NIPS who underwent definitive surgery had
significantly better OS than those with positive cytology or
peritoneal deposits (15.8 vs. 7.5 months; P<0.001). Patients
who obtained complete cytoreduction also had a survival of
20.5 months compared with 10.9 months for patients who
underwent attempted debulking. Multivariable analysis
identified pathologic response to NIPS, low tumor burden
(PCI <6), and completeness of cytoreduction as independent
predictors for a better prognosis. Of note, this study also
demonstrated an improvement of symptoms in patients
with concurrent ascites (n=78), further supporting the
beneficial role of NIPS in the palliative treatment setting.
However, further clinical trials are warranted to investigate
this approach. Currently, our concept of the NIPS protocol
is that it is appropriate in the treatment of patients with
a higher volume of PM (the upper limit of PCI is not yet
determined). In patients with PCI <6, we would initially
treat with upfront CRS plus HIPEC, based on the ultra-low
volume of PM.

There are currently several regimens used in NIPS, but
none have been compared in clinical trials.

IP chemotherapy can be delivered at different time points
during treatment of advanced GC. The most frequently
used time point is intraoperatively, via HIPEC. A second
time point for IP drug delivery is in the early postoperative
period. EPIC does not involve hyperthermia and is
administered shortly after CRS, when there is minimal
residual tumor burden (i.e., prior to entrapment of tumor
within the fibrinous material and scar tissue that is part of
the inflammatory process) (43). Finally, IP drug delivery can
also be administered in the months following CRS. There is
good evidence that receiving a long-term course of NIPEC
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after CRS may offer additional benefit to some patients
after HIPEC. Even in cases of minimal residual disease
after CRS and optimally performed HIPEC, the vast
majority of patients develop local peritoneal recurrence (43).
GC demonstrates low response rates even to newer
chemotherapeutic regimens, and it is very unlikely that a
single HIPEC administration will completely eradicate all
GC cells. This further supports the rationale for EPIC and
NIPEC.

It is important to establish that the four IP
chemotherapy modalities (NIPS, HIPEC, EPIC, NIPEC)
are not competitive or exclusive from one another. New
treatment regimens combining CRS and perioperative
chemotherapy have been developed. Recently, Yonemura
et al. reported long-term outcomes after comprehensive
treatment consisting of NIPS and CRS-HIPEC for GC
PM (44). Among 419 patients, 63.5% achieved complete
cytoreduction. For these patients, median OS was
20.9 months, with a 10-year survival rate of 8.3%. In
contrast, all patients with incomplete cytoreduction
died within 6 years. Future randomized controlled trials
evaluating the combination of CRS and perioperative
chemotherapy are clearly necessary and may provide a
higher level of evidence to determine the benefit of this
aggressive treatment approach.

Laparoscopic HIPEC (LHIPEC)

In the last two decades laparoscopy has been proven a
safe and effective modality in the diagnosis, staging and
treatment of patients with PM. In 2006, Ferron et 4l. first
described the safety and technical feasibility of laparoscopic
CRS-HIPEC in a pig model (24). In a pharmacokinetic
follow-up study, they were likewise able to demonstrate that
LHIPEC achieves significantly higher drug penetration
of oxaliplatin from the peritoneal surface due to the
higher IP pressure during laparoscopy (closed technique)
versus laparotomy (open technique), probably facilitating
a stronger antitumor effect (45). Yonemura et a/. first
reported the impact of LHIPEC in the treatment of PM
from GC in humans (46). In 53 patients with peritoneal
seeding from GC, two cycles of diagnostic laparoscopy and
LHIPEC were performed within an interval of 1 month.
At initial laparoscopy—after staging with cytologic and
histologic confirmation of the diagnosis, and determination
of PCI level —HIPEC was performed at 42.5-43 °C for
60 minutes using 3,000 mL of saline containing docetaxel
(30 mg/m’) and cisplatin (30 mg/m’). At the time of the
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second laparoscopy, the amount of ascites, peritoneal
cytologic status, and PCI were again determined, and the
effectiveness of LHIPEC was assessed by measuring the
eradication of PFCCs and the reduction of PCI between
the first and the second surgery. In the LHIPEC group, 13
of the 19 patients (68%) with positive cytology at the first
surgery showed negative cytology at the second surgery,
and an additional 8 patients (15%) showed complete
remission of PM and a significant reduction of PCI in the
time between the two surgeries. Furthermore, involvement
of the small bowel mesentery, often a limiting factor for
resectability, was significantly decreased between the first
and second procedures. Accordingly, LHIPEC seems
to be an effective modality for the eradication of PFFCs
and reduction of PCI, which are both directly associated
with improved outcome at time of CRS. However, the
scientific evidence is limited, and a cautious interpretation
is warranted. The application of LHIPEC should be
confined to experienced high-volume centers with a proven
track record in both laparoscopic surgery and treatment of
peritoneal surface malignancies.

Future directions

Recurrence rates in the peritoneal cavity remain high,
even after curative-intent resection of advanced GC. Thus,
an emerging field of interest is the prophylactic use of
HIPEC to prevent future PM. Data from a prospectively
collected Cancer Registry with 1,108 consecutive patients
with GC undergoing radical D2 gastrectomy demonstrated
that almost 50% of patients develop recurrence, with
16% manifesting metachronous PM postoperatively.
Further investigation revealed that the degree of serosal
involvement, nodal metastatic disease, signet cell histology
and undifferentiated gradings (G3/G4) were independent
risk factors for the development of metachronous
PM (47). Beeharry et al. recently investigated the
implications of prophylactic HIPEC with D2 radical
gastrectomy for locally advanced GC in a randomized case
control study (48). Eighty consecutive patients with locally
advanced GC were randomly assigned to the HIPEC group
(curative resection + intraoperative HIPEC with cisplatin
50mg/m’ at 42.0=1.0 °C for 60 minutes) or the control group
(curative resection only). The 3-year disease-free survival
(DFS) rate analysis showed that the prophylactic HIPEC
group had a significantly higher DFS rate (93% wvs. 65%,
P=0.0054) with an associated lower peritoneal recurrence
rate (3% vs. 23%, P<0.05). Currently, the GASTRICHIP
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trial NCT01882933), a prospective randomized multicenter
phase III trial, is open and enrolling patients. Patients with
locally advanced GC (involvement of the serosa and/or lymph
nodes and/or with positive cytology at peritoneal washing)
are treated with perioperative systemic chemotherapy and
D1-D2 curative gastrectomy with (Arm 1) or without (Arm
2) additional HIPEC. Further multicenter randomized
controlled phase III trials such as the FLOT-9 are currently
being planned (NCT04447352).

With genetic profiling of tumors via large scale next-
generation sequencing, it may be possible to tailor effective
drug regimens to the individual patient. This is an emerging
field. Targeted therapies in the form of immunotherapy and
checkpoint inhibitors have become widely available and
are now important elements in multi-modal therapy for
GC. It must be determined in the future if intraabdominal
administration of immunotherapeutic drugs can enhance
the benefit of HIPEC in PM of gastric origin. Multiple
other innovative therapies to harness an immune
response to cancer by IP application are under clinical
investigation, including antibody-, T-cell-, and viral-based
approaches (49).

Summary

HIPEC, EPIC, NIPS, and NIPEC followed by CRS have
shown promising oncologic outcomes and even long-term
survival in carefully selected patients with PM of gastric
origin. The most commonly used drugs are docetaxel,
oxaliplatin, cisplatin, doxorubicin and mitomycin C.
To ensure a maximal response to HIPEC, proper drug
selection, optimal temperature of the heated drug, and
adequate duration of perfusion are crucial. LHIPEC has also
been proven feasible. Outcomes are directly related to the
completeness of CRS. These complex procedures should be
performed by experienced surgeons at high-volume centers.
Novel approaches, including intraabdominal administration
of immunotherapeutic agents, antibody-, T-cell-, and viral-
based therapies, and genetic tumor profiling using next-
generation sequencing, are under investigation.
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