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Patients with advanced gastric cancer and positive peritoneal cytology and/or peritoneal
dissemination are deemed to be incurable and to hold dismal prognosis. So far, the
only treatment option for these patients has been palliative systemic (chemo)therapy.
However, for the last three decades, great progress has been made in attempts to treat
(potential) peritoneal dissemination by means of complete cytoreductive surgery
combined with hyperthermic intraperitoneal chemotherapy (HIPEC) after preoperative
systemic therapy. This review is focused on the recent achievements of this multimodal
strategy. Additionally, the review stands as background for the 4™ International

Conference “Advances in Surgical Oncology” that was held at the Medical University of
Lublin (Poland) in November 2017, and dedicated to cytoreductive surgery and HIPEC

for advanced gastric cancer.

PERITONEAL METASTASES

The peritoneum is the main site of gastric cancer (GC)
metastases. Whereas haematogenous metastases to the liver
and other distant organs are found in 40% of patients, these
are present in 53-60% of GC patients [1]. Indeed, nearly half
of the patients suffering from advanced GC will develop
peritoneal metastases (PM) due to stomach serosa involve-
ment by the tumour [2]. Optimal and standardised treatment
of PM from GC is yet to be defined.

Figure 1. Extensive peritoneal metastases in a patient with gastric
carcinoma at laparotomy
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A randomized controlled GYMSSA trial compared
gastrectomy with metastasectomy followed by systemic
treatment versus systemic therapy alone in advanced GC
[4]. This extensive surgical approach involved removing
all cancer deposits, and it contrasts with the REGATTA
trial design, in which patients underwent only limited (pal-
liative, cytoreductive) surgery (D1 gastrectomy) without
metastasectomy.

Until further evidence is shown, the REGATTA trial
showed no survival benefit in patients which were treated
surgically prior to chemotherapy [3]. Therefore, in advanced
and non-curable GC (with PM), chemotherapy is recom-
mended as a standard treatment. The limited permeability
of the peritoneal plasma barrier allows the delivery of high
concentrations of chemotherapeutic drugs directly into the
peritoneal cavity, without the danger of high plasma concen-
trations and subsequent systemic toxicity.A lack of effective
systemic therapy and the fact that locally advanced GC with
PM is most likely considered as unresectable, has triggered
surgical researches towards hyperthermic intraperitoneal
chemotherapy (HIPEC) in neo- and adjuvant, as well as in
palliative (in patients with ascites) and prophylactic (positive
cytology in the peritoneal fluid sample) settings [5]. HIPEC
now has an established role in the treatment of peritoneal
carcinomatosis originating from colorectal cancer, includ-
ing appendiceal cancer, mesothelioma, and pseudomyxoma
peritonei. The greater understanding of the biopathology
of peritoneal dissemination combined with peritonectomy
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(removal of macroscopic lesions) and HIPEC (elimination
of microscopic disease) has allowed a therapeutical shift
from palliative only, to radical application, with intention
to treat in carefully selected group of patients.

The 30-year experience of the HIPEC in the treatment
of advanced stage GC with and without PM, has been
compared with standard oncological management in a meta-
analysis of randomized and high quality non-randomized
studies [6]. The comparison has demonstrated the survival
advantage of the use of HIPEC as a prophylactic strategy
and suggested that patients whose disease burden is limited
to positive cytology and limited nodal involvement may
benefit the most from HIPEC.

DIAGNOSIS OF PERITONEAL METASTASES FROM GC

Until recently, peritoneal dissemination was diagnosed
during laparotomy with curative-intent gastric resection due
to the low detection rate during pre-operative staging with
computed tomography (CT). However, the introduction of
diagnostic laparoscopy in patients lacking evident distant
metastases in preoperative imaging tests has led to mini-
mally invasive peritoneal cavity assessment prior to radical
gastrectomy.

Further improvement of disease staging is available
through direct visualisation of suspected malignancies on
the peritoneal surface, the cytological assessment of peri-
toneal fluid (by way of the usage of peritoneal lavage in
order to obtain free cancer cells) and through laparoscopic
ultrasonography [7,8]. The lack of macroscopically visible
PM, yet a positive cytological examination is considered
effective assessment, and determines the metastatic disease
— M1 [9,10]. Positive peritoneal cytology is most likely to
occur in T3/T4 primary tumours and it is considered to be
an important prognosticator and supplement of standard
staging methods [11].

Except for early or advanced (M 1) GC, staging laparos-
copy should be performed prior to any clinical decision-
making [12]. When planning an intention-to-treat resection,
diagnostic laparoscopy is highly anticipated in the following
setting:

e ¢cT3/T4 tumour suspicion,

* multivisceral resection planning,

* when preoperative imaging suggests lymph node metas-
tases (N+).

The staging of laparoscopy should include inspection of
stomach, diaphragm, liver and ovaries in female patients,
followed by Papanicolaou-staining cytological examination
of the obtained peritoneal fluid [13].

RESULTS
HIPEC

OF CYTOREDUCTIVE SURGERY AND

The results of potential benefit from cytoreductive
surgery (CRS) and HIPEC in 15 GC patients with PM from
the first Japanese trial were published in 1988 [14]. Accord-
ingly, the complications rate was considered to be acceptable
and the overall survival (OS) was somewhat higher (7,2 +
4,6 months) than the current norm. Yonemura et al. then
focused on the role of CRS and published the results of

the surgical treatment of 41 patients that was followed by
HIPEC perfusion with mitomycin C (MMC) and cisplatin
[15]. Herein the median of OS was 14,6 months and 3-year
OS estimated at 28,5%. Furthermore, the long-term results
of surgery combined with HIPEC with MMC in 48 patients
showed 5-year and 8-year OS in, consecutively, 31 and 25%
of all patients [16]. Yonemura et al. also presented the results
from one of the first major observational cohort studies [17].
In this, 5-year OS was reached in 13% of all patients after
complete cytoreduction (CC0/1), in comparison with 6% of
all patients with incomplete (CC2/3) cytoreduction.

Similarly to other peritoneal surface malignancies, in
patients with advanced GC, the completeness of cytore-
duction (CC) scale is used. The scale indicates complete
cytoreduction (CC-0/1) and incomplete cytoreduction (CC
— 2/3), depending on the size of the peritoneal tumour that
remained after cytoreduction. Thus, CC-0 indicates lack of
residual disease; CC-1: the persisting nodules are smaller
than 2.5mm; CC-2: such nodules are between 2.5mm and
2.5cm, and CC-3: the nodules are greater than 2,5cm [22].
Of note, complete cytoreduction (CC-1) is an equivalent to
macroscopically non-radical resection (R2a).

The first multicentre retrospective study was performed
in France among 159 patients [18]. herein, five-year OS was
doubled after complete cytoreduction (23%), in comparison
with incomplete cytoreduction (13%).

Most commonly, in clinical practice, PM in GC patients
are diagnosed at an advanced stage of the disease, where
resection and HIPEC are no longer possible. Thus,
Yonemura proposed the application of so-called bidirectional
chemotherapy - intraperitoneal and systemic, applied as a
neo-adjuvant treatment (Neoadjuvant IntraPeritoneal and
Systemic chemotherapy; NIPS) [19]. Its role is to downsize
the primary tumour and eradicate free cancer cells along
with engendering infiltrations of the peritoneal surface
and subperitoneal vessels prior to CRS (gastrectomy) and
HIPEC. The results of such a treatment in 194 GC patients
with synchronous and metachronous PM were published in
2014 [20]. Accordingly, NIPS chemotherapy allowed the
performance of CRS and HIPEC in 152 patients (73%).
Moreover, morbidity and mortality rates were 24% and 4%,
respectively. Finally, the median OS was 16 months, whereas
1-, 2- and 5- year OS were 66, 32 and 11%, respectively.

Meta-analysis of 20 prospective studies, including 2145
advanced GC patients with PM treated with intraperitoneal
chemotherapy has made it possible to consider the approach
as an effective treatment after curative resection [21]. The
meta-analysis showed that the odds ratio (OR) was 0,99,
with 95% confidence interval between 0,71 to 1,37. What
is more, the OS is improved when CRS is combined with
intraperitoneal chemotherapy. On the contrary, it does not
change the prognosis of patients with tumours with lymph
node involvement or with serosa infiltration. Intraperitoneal
chemotherapy, however, diminishes the risk of peritoneal
recurrence and distant metastases. Still, it increases the
risk of postoperative complications. Over all, HIPEC is not
contraindicated in the presence of lymph node metastases.
These studies show the advantages that arise from pre- and
peri-operative intraperitoneal chemotherapy in GC patients
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with peritoneal dissemination., as NIPS combined with CRS
and HIPEC increase the OS rate in these patients [21].

Despite the evidence from the afore-mentioned meta-
analysis, an international expert working group reached
a consensus on intraperitoneal chemotherapy [22]. It was
recognised as inapplicable in GC patients with Peritoneal
Carcinomatosis Index (PCI) greater than 20, in patients with
peritoneal and synchronous metastases to both ovaries or
other distant organs, as well as in patients who underwent
multivisceral resection for T4 tumour without the presence
of peritoneal dissemination [22].

So far only one prospective randomized controlled study
has confirmed the efficacy of the CRS and HIPEC in the
treatment of GC. Yang et al. published the results of a study
with an experimental treatment arm that consisted of both
CRS and HIPEC, whereas in the control group, only CRS
was performed [23]. In the study, cytostatics (MMC and cis-
platin) were administered intraperitoneally for 60 minutes at
the temperature of 42°C. Yang et al. noted that patients who
underwent CRS and HIPEC had significantly longer OS,
in comparison to the CRS only group. The authors, hence,
concluded that HIPEC based on MMC and cisplatin might
improve OS. In such studies, the most common cytostatics
used for the HIPEC are MMC, docetaxel and cisplatin [24].

The meta-analysis of 8 randomized controlled trials
validating the impact of HIPEC on OS after CRS showed
significant improvement of 1-,2- and 3- year survival [21].
Additionally, HIPEC has a positive influence on the pre-
vention of peritoneal recurrence after the curative surgery
of serosa-infiltrating tumours. A multivariate analysis
has revealed that the independent prognostic factors are:
complete cytoreduction (CCO0/1), PCI under cut-off value
(of 12 points), histopathological response to neoadjuvant
treatment and HIPEC [25].

Contrarily, according to the results of another study,
HIPEC might increase the rate of postoperative compli-
cations, including the development of intra-abdominal
abscesses and neutropenia (the presence of postoperative
complications is considered to be an independent factor of
poor prognosis) [26]. Still, meta-analysis did not show sig-
nificant differences in postoperative mortality rate between
HIPEC and control groups [27]. Therefore, HIPEC is con-
sidered to be safe and effective treatment, even following
CRS. Currently, there are two on-going European phase 111
trials which are planned to determine the role of HIPEC in
the surgical treatment of GC with PM [28,29].

For patients with extensive PM, the completeness of cyto-
reductive surgery is a critical prognostic factor for survival
[6]. This was also shown in a previous meta-analysis [30].
Herein, one, 2, 3 and 5-year OS is increased by CC0-CC1
cytoreduction in patients with PC from gastric origin. What
is more, CCO increases the 1 and 3 years survival when
compared to CC1 cytoreduction [30]. However, it is unlikely
that the results of such application is a curative treatment.
Still, CRS and HIPEC is associated with improved survival
compared with gastrectomy or palliative chemotherapy
alone, and patients treated with CRS and HIPEC have
comparable survival to matched control patients without
PM [31]. It must be underlined, however, that regardless of
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treatment strategy, nearly all patients subsequently experi-
enced GC recurrence and died of the disease.

CYTOSTATICS USED IN HIPEC

Although among surgeons with intraperitoneal treat-
ment expertise, it is generally accepted to combine exten-
sive CRS (gastrectomy, peritonectomy and multivisceral
resections) with HIPEC, there is still a lack of agreement
for choice of intraperitoneally administered cytostatics or
their combination. In the literature there is lack of evidence
for the superiority of one group of chemotherapeutic agents
over another in terms of outcomes, toxicity, side-effects
and safety for medical staff in the operating room setting
[32]. Most common cytostatic agents used intraperitoneally
include MMC and cisplatin (or their compounds) in various
dosage, temperatures and perfusion times.

In most institutions, HIPEC is performed deliberately
using either an open or closed technique, with MMC in
monotherapy (10-40 mg/m? in 42°C for 60-90 minutes) or
in combination with cisplatin (CDDP). Docetaxel (15mg/m?)
is also frequently combined with CDDP (75 mg/m2 in
41°-42°C for 60 minutes). Intraperitoneal polychemotherapy
regimens (MMC, CDDP with 5-FU or etoposide) are rarely
used.

In the French randomized multicenter trial GASTRICHIP,
monotherapy with oxaliplatin (250 mg/m? with 2 liters of
5% glucose/m? at 42°-43°C for 30 minutes) is constantly
used [32]. One must note that the patients treated in the
experimental arm of that trial receive intravenous 5-FU
(400 mg/m? plus calcium levofolinate 10 mg/m?) as systemic
chemotherapy induction for HIPEC 15 minutes before
HIPEC begins.

Since currently there is no consensus on the choice of
chemotherapeutic agents used in HIPEC for GC, a pre-
requisite for future HIPEC studies is to determine optimal
regimen, as well as the maximum tolerated dose (MTD)
of intraperitoneal drug combinations. Such a combination
(docetaxel with a fixed dose of intraperitoneal oxaliplatin)
is currently tested in the multicentre, open label, phase I-I1
dose-escalation PERISCOPE study [33].

PREOPERATIVE LAPAROSCOPIC PCI EVALUATION

The reliability of CT or positron emission tomography
(PET) in staging and determining PCI is low, especially
when the diameter of PM is below 10 mm [34, 35]. Particu-
larly difficult for radiological assessment are small nodules
located on the mesentery. Indeed, preoperative evaluation
of PCI in GC patients by Hong et al. showed that PM were
undetected in 39 (29%) among 137 patients [36]. Currently,
there is no adequate imaging test which would precisely
determine the PCI.

Recently, diagnostic laparoscopy is being performed
to accurately assess the PCI, as well to obtain histo- and
cytological material from peritoneal surface and perito-
neal fluid lavage, respectively. Preoperative laparoscopy
is highly accurate in determining the PCI since its value is
nearly identical when assessed during laparotomy [37]. If
the peritoneal fluid was obtained before chemotherapy, the
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frequency of positive cytology in patients without apparent
PM is estimated at 7-10% [38,39].

A positive result of peritoneal fluid cytological examina-
tion, despite the lack of macroscopically visible peritoneal
dissemination, allows to stage the disease as M1 accord-
ing to the 7th edition of TNM Classification from 2010. In
Poland, positive cytology is detected in 24% of all patients
initially scheduled for radical surgery [40]. Factors that are
predictive for positive cytology of peritoneal fluid include:
stage T3/4, lymph node involvement, grade score G3, infil-
tration by the tumour of the entire stomach and indications
of a diffuse type of GC by Laurén classification. The iden-
tification of patients in which diagnostic laparoscopy with
lavage indicate peritoneal dissemination affects the clinical
decision, arbitrary targeting them for the first line systemic
therapy. Still, treatment of the signet-ring cell GC remains
unresolved, but there are arguments for upfront surgery
due to high risk of progression on induction/preoperative
chemotherapy.

PREVENTION OF PERITONEAL METASTASES

Positive cytology of peritoneal fluid in GC patients is
determined as “cy+” in the TNM classification of UICC.
Japanese classification divides PM in GC into two sub-
groups: PO and P1, similarly to the grouping of the cytology
of peritoneal fluid: CY0 and CY1 [41]. Thusly, the follow-
ing clinical settings are possible: PO/CY1 reveals lack of
macroscopically visible PM and positive cytology, whereas
P1 indicates macroscopical dissemination of peritoneum
+/- positive peritoneal cytology. Macroscopically radical
gastrectomy performed with curative intent in CY'1 patients
is considered to be microscopically non-radical (R1).

The survival of PO/CY1 patients classified as stage IV of
GC are similar to P1 patients [41]. Such a situation clearly
indicates that prognosis in GC patients with serosa infiltra-
tion and free cancer cells in the peritoneal cavity are compa-
rable to patients with macroscopic PM. Recent data from the
meta-analysis of randomized studies emphasize the advan-
tage of intraperitoneal chemotherapy for preventive (pro-
phylactic) treatment of advanced GC without macroscopic
PM (PO) [21]. Furthermore, to achieve prolonged survival,
performance of the CRS (most preferably CC-0) is essential,
as shown in different meta-analysis [30]. Yet, the broaden-
ing of indication criteria for HIPEC use in all patients (even
CY-/P0) with high risk of peritoneal dissemination (T4a;
tumour invasion is contiguous to the serosa or penetrates
the serosa and is exposed to the peritoneal cavity) remains
a matter of debate, despite the solid validation. Infiltration
of gastric serosa should, hence, be considered as a clinical
situation in which the future development of PM is inevi-
table [42]. Of note, the frequency of peritoneal GC recur-
rence after curative resection increases with increased depth
of invasion of the gastric wall (subserosal invasion, 35%;
serosal invasion, 47%; and invasion of adjacent organs,
60%) [43].

A review of the literature on the usefulness of HIPEC
in the prevention of peritoneal recurrence after potentially
radical surgery for GC was presented by Roviello et al.
[27]. Herein, a number of phase II trials from the Far East,

together with three meta-analyses confirm the beneficial
effects of the HIPEC procedure. Such trials came about
because the limitations of perioperative cytological diag-
nostics induced many Asian scientists to carry out research
on HIPEC so as to supplement radical surgery in patients
without macroscopic PM but with serosal invasion of the
primary tumour. Three meta-analyses confirmed that such
strategy, especially in combination with RO resection, might
be more effective than standard treatment in terms of mini-
mizing peritoneal recurrence, without significant increase
of postoperative complications [44-46].

Basically, HIPEC is used preventively as adjuvant
treatment when PM are not macroscopically visible. Such
treatment is based on peritoneal perfusion with cytostatic
solutions in elevated (42-43°C) temperatures or without
heating the solution (ang. normotherpmic intraperitoneal
chemotherapy, NIPEC) at the end of surgery, or in the early
(early postoperative intraperitoneal chemotherapy; EPIC)
or delayed (delayed postoperative intraperitoneal chemo-
therapy; DIPEC) postoperative period in GC patients with
high risk of peritoneal recurrence. Based on meta-analysis
data from 1648 patients, there was significant improvement
of survival after HIPEC or EPIC [47]. A positive impact on
survival was also observed after NIPEC, while there was no
significant outcome after EPIC alone, nor after DIPEC. In
almost every randomized trials from the Far East, HIPEC
showed potential benefits in adjuvant treatment of patients
with high risk of PM after radical surgery for advanced GC,
especially in the diffuse or mixed Laurén type, in serosa
infiltration (>=T4a) or in positive cytology indications (c+/
CY1) [27]. Unfortunately, standardization of the HIPEC
procedure, especially in terms of cytostatic choice, is yet to
be internationally confirmed [48].

The positive results from Far East should, hence, be
confirmed in Western studies. Until now, in Europe, the
available data has been limited to retrospective studies of
minor groups comprising prophylactic HIPEC with surgical
treatment only [49,50].

SYSTEMIC CHEMOTHERAPY - SURGERY - HIPEC
SEQUENCE

Unlike other peritoneal surface malignancies effectively
treated by CRS and HIPEC, in GC, a PCI cut-off level for
good prognosis is considered to be of only 12 points. All
patients with PCI above the cut-off level, which is an inde-
pendent prognostic factor, die of GC even after complete
cytoreduction with HIPEC. Since even 70 % of patients with
PM show a PCI score above the cut-off level at the time of
diagnosis, a crucial effort is to reduce intraperitoneal tumour
burden and to eradicate peritoneal free cancer cells by an
preoperative bidirectional treatment.

Yonemura ef al., based on his large experience, put
forward a comprehensive intraperitoneal treatment of GC
with PM [51]. The suggested procedure consists of several
consecutive steps to diminish the amount of residual cancer
cells:

1. staging laparoscopy to diagnose PCI and histology, plus
HIPEC
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2. neoadjuvant laparoscopic hyperthermic intraperitoneal
chemoperfusion (NLHIPEC),

3. neoadjuvant intraperitoneal/systemic chemotherapy

(NIPS) — 3 times,

re-staging laparoscopy plus HIPEC

followed by open surgery if regression is obtained

extensive intraperitoneal lavage (EIPL) before CRS,

CRS with peritonectomy,

EIPL after CRS,

9. HIPEC,

10. EPIC,

11.late postoperative systemic chemotherapy within
2 months.

In the proposal, diagnostic laparoscopy is performed
in order to assess the peritoneal cancer index (PCI) and
obtain confirmation of PM or the presence of free cancer
cells in the peritoneal fluid as assessed in cytological and
histological examination. An obvious limitation of CRS is
high PCI and extensive carcinomatosis of small intestine
and its mesentery. In order to lower PCI and to preserve
the peritoneum itself, multiple (cyclic) LHIPEC and NIPS
prior to CRS are generally performed. In standard practice,
after the laparoscopic staging of the disease, EIPL (sodium
chloride solution is administered through HIPEC device) is
carried out in order to wash out and eliminate the free cancer
cells present in the peritoneal cavity. LHIPEC is conducted
with a usage of 4000 ml sodium chloride solution combined
with anticancer agents, heated up to 42-43° C. Next, a port
is installed into peritoneal cavity of the hypogastric region,
which allows repeated intraperitoneal administration of che-
motherapeutic agents. Two weeks after LHIPEC, the first out
of three planned NIPS cycles is carried out through this port.

The principal CRS and HIPEC procedure is done 3-4
weeks after the last cycle of preoperative chemotherapy.
During the surgery, EIPL is performed before and after the
particular part of resection, in order to remove free cancer
cells from opened and damaged blood and lymphatic vessels.
Cytoreductive surgery consists of gastrectomy extended with
splenectomy and/or cholecystectomy in combination with
at least D2 lymphadenectomy. At the end of the procedure,
HIPEC is accomplished to eliminate micro-metastases in
the peritoneal space and surface, which could be left over
after cytoreduction and peritoneal lavage.

Recently, the first report verifying the reduction of PCI
score after NLHIPEC and NIPS has been published [52].
Herein, NLHIPEC plus NIPS is considered a safe and effec-
tive method of eradicating peritoneal free cancer cells before
CRS. Additionally, the PCI score is reduced to less than the
cut-off level by LHIPEC plus NIPS, resulting in an increased
rate of complete cytoreduction and improvement in prog-
nosis after CRS.

e

CONCLUSIONS

There is sufficient evidence that gastrectomy as a com-
ponent of the CRS and HIPEC after preoperative systemic
chemotherapy is a safe and feasible treatment option for
patients with advanced GC and positive peritoneal cytology
and/or limited PM. Although this is not yet standard treat-
ment in Europe, eligible patients with locally advanced
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(cT3-4) GC should be offered to enter clinical studies. They
could be included if the primary GC is considered resect-
able, and positive peritoneal cytology and/or limited PM
(PCI<12) are confirmed by diagnostic laparoscopy. In such
patients, primary induction systemic chemotherapy should
be administered without disease progression. Thereafter, a
laparotomy should be conducted with intention to perform
the CRS (complete removal of all macroscopically visible
tumour deposits) by means of a (sub)total gastrectomy with
at least D2 lymph node dissection. In patients with the PCI
score above the cut-off level (>12), NLHIPEC plus NIPS
may result in an increased rate of complete cytoreduction
and improvement in prognosis after CRS. Still, further
improvement of this multimodal strategy is needed in order
to optimize the treatment of an otherwise incurable disease
with dismal prognosis.
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