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Abstract: Peritoneal metastasis is a common finding in patients with advanced gastric cancer. Beyond
systemic chemotherapy, additive local treatments such as cytoreductive surgery and intraperitoneal
chemotherapy are considered an inherent part of different multimodal treatment concepts for se-
lected patients with peritoneal metastatic gastric cancer. This review article discusses the role of
cytoreductive surgery (CRS) and intraperitoneal chemotherapy, including HIPEC, NIPS, and PIPAC,
as additive therapeutic options with curative and palliative intent.
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1. Introduction

Gastric cancer (GC) is still the fifth most common tumor entity and the fourth most
common cause of cancer-related death worldwide. It occurs twice as often in men than
in women [1]. Peritoneal metastasis is common in patients with advanced gastric cancer
or disease progression and might be already present in 5-20% of patients at the time of
surgery [2,3]. Moreover, peritoneal recurrence rates between 29% and 38% have been
reported after curative resection of gastric cancer [4,5]. In a population-based data analysis
of 5220 patients with gastric cancer from The Netherlands, the overall rate of peritoneal
metastasis (PM) was 14% and the peritoneal metastasis only rate was 9%. The median
survival of patients with peritoneal metastatic gastric cancer (pmGC) in this national
registry was 4 months [6]. The standard of care for patients with metastatic gastric cancer is
systemic chemotherapy and immunotherapy, or, in some cases, best supportive care [7-9].

The French and ESMO (European Society for Medical Oncology) guidelines recom-
mend palliative intravenous chemotherapy only in patients with pmGC [8,10]. The 2023
National Comprehensive Cancer Network (NCCN) guidelines recommend that all patients
with metastatic gastric cancer, including peritoneal metastasis, should be treated with
chemoradiation, systemic therapy, or best supportive care. Accordingly, gastric resec-
tion should only be performed with palliative intent in the case of symptomatic disease
refractory to conservative treatment [11].

Whether the addition of gastrectomy to chemotherapy improves survival for patients
with advanced gastric cancer was investigated in the REGATTA phase III randomized
controlled trial. In this trial, gastrectomy followed by chemotherapy did not show any
survival benefit compared with chemotherapy alone [12].

Since the main cause of peritoneal metastasis in GC is the dissemination of free tumor
cells in the peritoneal cavity, additional regional therapy modalities that aim to target
these tumor cells could provide oncological benefit [13]. Nevertheless, due to the poor
prognosis of patients with pmGC and inconsistent published data, the additional use of
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locoregional treatment options as an inherent part of an interdisciplinary multimodality
treatment concept remains under debate.

This review aimed to discuss the current evidence, ongoing trials, and recommen-
dations for local treatment options, such as hyperthermic intraperitoneal chemother-
apy (HIPEC), neoadjuvant intraperitoneal and systemic chemotherapy (NIPS), and pres-
surized intraperitoneal aerosol chemotherapy (PIPAC), in peritoneal metastatic gastric
cancer patients.

2. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy (HIPEC)

The concepts of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemother-
apy (HIPEC) have existed since the late 1980s, with the aim of surgical resection of all
intra-abdominal macroscopic disease. The completeness of the cytoreduction (CC) score
defines the level of success of the surgery [14]. Additionally, HIPEC provides the cytotoxic
effect of hyperthermia, as well as regional dose intensification, through chemotherapy
perfusion in the abdominal cavity, to consolidate the effect of complete macroscopic cytore-
duction and to treat free abdominal tumor cells and any potentially remaining microscopic
disease [15-17]. The intrabdominal tumor burden can be easily calculated using the Peri-
toneal Cancer Index (PCI), which is given as a numerical score ranging from 0 to 39 [18].

In a recently published meta-analysis including 691 patients with peritoneal metastatic
gastric cancer from two RCTs and eight NRCTs, Zhang et al. demonstrated an overall
survival benefit of 4.67 months for patients that underwent CRS and HIPEC. Nevertheless,
there was no statistically significant difference in the 3-year overall survival rates in the two
RCTs. Complete macroscopic cytoreduction (CC-0/1) was crucial to the patient’s outcome.
CRS and HIPEC did not increase the complication rates [19]. Chen et al. compared survival
rates of 1367 patients treated with CRS plus HIPEC versus CRS alone in eight RCTs and two
NRCTs. There was a significant survival advantage after 3 years in patients that underwent
CRS and HIPEC (RR = 0.63, 95% CI 0.36-1.07, p < 0.05). However, there was no significant
difference in the 1-year and 5-year overall survival [20]. Consistent with these results,
Desiderio et al. reported no survival advantage in patients with gastric cancer and proven
peritoneal metastasis treated with neoadjuvant systemic chemotherapy and gastrectomy
plus HIPEC in comparison to patients that underwent neoadjuvant chemotherapy and
gastrectomy without HIPEC. Nevertheless, the HIPEC group showed a prolonged median
survival of 4 months [21].

Bonnot et al. reported improved survival rates for patients with pmGC treated with
CRS plus HIPEC versus CRS alone. Data from 277 patients from a prospective database
were included and propensity score analysis was performed. Patient characteristics did not
differ in the two groups, except for the median Peritoneal Cancer Index (PCI), which was
higher in the CRS/HIPEC group (6 vs. 2). A median survival of 18.8 versus 12.1 months
(p = 0.002) was found after IPTW adjustment of the groups. The 5-year OS rates were 19.9
and 6.4%, respectively. There was no statistically significant difference in the morbidity
rates (CTCAE > 3) and 90-day mortality between the two groups [22]. Data from 88 patients
with pmGC treated with CRS plus HIPEC, published by the Spanish Group of Peritoneal
Oncologic Surgery (GECOP), showed a median survival of 21.2 months and a 3-year overall
survival rate of 30.9%. Major complications (Dindo-Clavien °III/IV) occurred in 31% of
the patients. The mortality rate was 3.4%. For the subgroup of patients with PCI < 6, the
median survival time was 26.1 months and the 5-year overall survival rate reached 46.8%.
The multivariate analysis identified PCI > 6 to be the only negative predictive factor for
survival [23]. This observation was supported by the published data of 235 patients with
pmGC from the German HIPEC registry. The median survival was 18 months for patients
with a PCI between 0 and 6, 12 months for patients with a PCI from 7 to 15, and only
5 months for patients with a PCI higher than 15 [24]. The Italian Peritoneal Malignancies
Oncoteam reported a median overall survival of 20.2 months after CRS and HIPEC in
91 patients with pmGC from a retrospective registry. Patients with PCI < 6 showed
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a significantly better median survival than patients with a higher PCI (44.3 months vs.
13.4 months) [25].

Published data have also shown that long-time survival and cure can be achieved in
selected patients with pmGC after CRS and HIPEC. Brandl et al. analyzed 28 patients from
an international PSOGI cohort who survived for more than five years. The median survival
in this subgroup of patients was 11 years. In 12 of 28 patients, disease recurrence occurred
after a median time of 9.6 years. The overall survival time in these 12 patients was still
8.8 years. Positive predictive factors for long-term survival were a PCI < 6 and complete
macroscopic cytoreduction (CC-0) [26].

Badgwell et al. reported a median OS of 16.1 months and a 3-year OS of 28% in
20 patients with at least positive peritoneal cytology or pmGC with a median PCI of
2 (0-13) enrolled in a prospective phase II clinical trial. All patients received systemic
chemotherapy and laparoscopic HIPEC before cytoreductive surgery including gastrectomy,
D2 lymphadenectomy, and HIPEC [27].

The aim of the first published prospective randomized controlled phase III trial was
to evaluate the efficacy and safety of CRS plus HIPEC versus CRS alone in 68 patients
with pmGC. PCI did not impact patient inclusion, and therefore ranged from 2 to 36. The
median PCI was PCI 15 and the rate of complete macroscopic cytoreduction (CC-0/1) was
58.8% in both groups. Patients treated with CRS plus HIPEC recorded a median survival of
11 months versus 6.5 months in the CRS only group. Synchronous peritoneal metastasis,
complete macroscopic cytoreduction, and at least six cycles of systemic chemotherapy were
found to be independent factors for improved survival in the multivariate analysis [28].
The GYMSSA trial, comparing CRS and HIPEC followed by systemic chemotherapy to
chemotherapy alone in patients with pmGC, was prematurely terminated after the inclusion
of 16 patients. In seven of the nine patients in the CRS/HIPEC group, complete macroscopic
cytoreduction was achieved. Median survival was 11.3 months in the treatment group and
4.3 months in the chemotherapy only group [29]. The German prospective randomized
phase III GASTRIPEC trial investigated perioperative systemic chemotherapy plus CRS
alone versus perioperative systemic chemotherapy plus CRS and HIPEC in patients with
pmGC. The trial was prematurely stopped after the recruitment of 105 of the 180 calculated
patients. A total of 52 of these patients were randomized for CRS only and 53 for CRS plus
HIPEC. Within the sample, 55 of the 105 patients did not undergo surgery due to disease
progression or death. Thus, the results of data analysis are limited. Nevertheless, there
was no statistically significant difference in OS between the two groups (14.9 months in
both groups), but a statistically significant trend for improved median progression-free
survival (7.1 vs. 3.5 months) and median metastasis-free survival (10.2 vs. 9.2 months) was
found for the CRS plus HIPEC group. The perioperative 30-day morbidity (Dindo—Clavien
°III/IV) was similar in both groups [30].

The actual German guidelines for gastric cancer published in 2019 do not recommend
treatment of patients with pmGC with CRS and HIPEC outside of clinical trials [7]. The
ESMO guidelines also recommend the inclusion of patients in clinical trials for CRS and
HIPEC [8]. The UK National Institute for Health and Care Excellence stated in 2021 that
there is data supporting CRS and HIPEC for selected patients with peritoneal metastasis,
but the evidence for its specific benefit over systemic chemotherapy is absent [31]. The
NCCN guidelines published in 2022 indicated that the role of surgery in patients with
gastric cancer and positive cytology is uncertain. Surgery might be performed after systemic
chemotherapy. CRS plus HIPEC in patients with pmGC was not addressed [9]. In the online
published version 1.2023, it was stated that the use of HIPEC should only be considered for
selected patients in the framework of ongoing clinical trials [11]. The Chicago Consensus
Working Group recommends cytoreductive surgery with or without HIPEC in selected
patients with limited peritoneal metastasis of gastric origin (PCI < 6) as an integrated part of
a multimodal treatment concept with curative intent. Complete macroscopic cytoreduction
should be achievable. Due to the results of the REGATTA trial, palliative gastrectomy is
not recommended [32]. Actual guidelines or recommendations from the Peritoneal Surface
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Oncology Group International (PSOGI) regarding CRS with or without HIPEC in patients
with pmGC are not available.

There are fourteen ongoing clinical trials registered at ClinicalTrials.com investigating
HIPEC treatment in patients with peritoneal metastatic and/or locally advanced gastric
cancer with therapeutic or prophylactic intent [33]. The ongoing clinical trials for patients
with pmGC are summarized in Table 1. Clinical trials investigating prophylactic HIPEC
in patients with a high risk of development of peritoneal metastasis, such as PREVENT,
GOETH, and GASTRICHIP, are not included [34-36]. The ongoing prospective random-
ized phase IIIl PREVENT trial is investigating perioperative chemotherapy with FLOT
plus surgery with or without cisplatin-based HIPEC in patients with primary resectable
gastric cancer. The proposed number of patients to be included is 200 [34]. However, the
only European ongoing RCT for patients with proven pmGC is the PERISCOPE II trial
(NCT03348150) [37].

Table 1. Ongoing clinical trials for the treatment of patients with pmGC.

Trial ID Phase Allocation N Start End (est.) Land Status
NCT02381847 phase III randomized 60 2015 2020 China unknown
NCT03179579 phase III randomized 88 2017 2022 China unknown
NCT03023436 phase III single-arm 220 2016 2022 China unknown

. The ..
NCT03348150 phase IIT randomized 182 2017 2029 Netherlands recruiting

3. Neoadjuvant Treatment: Intraperitoneal Systemic Chemotherapy (NIPS)

The INPACT trial, a prospective randomized multicenter phase II clinical trial, inves-
tigated repeated normothermic intraperitoneal chemotherapy as an additive treatment
after gastrectomy in patients with gastric cancer and peritoneal metastasis or positive cytol-
ogy, and proved its safety and efficacy. Nevertheless, there was no significant advantage
of intraperitoneal over systemic chemotherapy in overall survival [38]. The prospective
randomized PHOENIX-GC trial compared 114 patients with pmGC treated with normoth-
ermic intraperitoneal chemotherapy plus systemic chemotherapy to 50 patients treated
with systemic chemotherapy only. The median overall survival was 17.7 months and
15.2 months, respectively (p = 0.08). The 3-year OS rate was 21.9% vs. 6.0%, suggesting a
survival advantage for the IP treatment group [39]. The feasibility and safety of combined
intraperitoneal and systemic chemotherapy has also been confirmed by a prospective phase
II trial. The median OS survival of the 35 included patients was 17.6 months [40]. Another
recently published phase II trial reported a median survival of 19.4 months and a 1-year OS
rate of 73.6% after combined systemic and intraperitoneal chemotherapy in patients with
pmGC. The grade III/IV hematologic and non-hematologic morbidity rates were 43% and
47%, respectively [41].

The idea of NIPS is to use repeated normothermic intraperitoneal chemotherapy
plus systemic chemotherapy as a neoadjuvant treatment, followed by gastrectomy and
D2 lymphadenectomy. Shinkai et al. reported a regression rate of 73.3% after NIPS in
17 patients included in a single-arm prospective phase II trial. The median OS was
23.9 months, and the 1-year survival rate was 82.4% [42]. Comparable survival data
were published by Saito et al. after the treatment of 44 patients with pmGC or positive
cytology with combined systemic chemotherapy with S1 and oxaliplatin and intraperi-
toneal chemotherapy with paclitaxel. The 1-year overall survival rate was 79.5%. The
median overall survival was 25.8 months. Twenty patients (45%) became resectable due to
regression of peritoneal metastasis [43].

The Peritoneal Surface Oncology International (PSOGI) proposed a combined treat-
ment concept including NIPS followed by complete macroscopic cytoreduction and HIPEC
in patients with pmGC or positive cytology [44]. Yonemura et al. reported a 5-year OS
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of 9.6% and a 10-year OS of 5.0% in 419 patients with pmGC treated with NIPS followed
by cytoreductive surgery. A total of 255 patients received intraoperative HIPEC. After
complete macroscopic cytoreduction (CC-0), the 5-year and 10-year survival rates reached
14.5% and 8.3%. After incomplete cytoreduction (CC-1), the 5-year and 10-year survival
rates were 1.8% and 0%, respectively. All patients with incomplete cytoreduction died
within 6 years. The median survival was 20.5 versus 12 months [45]. A prospective phase
II clinical trial that enrolled 67 patients with pmGC proved the safety and efficacy of NIPS.
A 1-year overall survival rate of 67.2% and a median overall survival of 19.3 months was
reported. A total of 42 patients underwent conversion surgery [46]. A meta-analysis of
eight retrospective studies evaluated the efficacy of NIPS followed by surgery in compari-
son to NIPS only in 373 patients with pmGC. There was a statistically significant survival
advantage for patients that underwent surgery after NIPS [47].

The ongoing prospective randomized phase III multicenter DRAGON II trial is investi-
gating the effect of combined neoadjuvant laparoscopic HIPEC and systemic chemotherapy
followed by gastrectomy with D2 lymphadenectomy plus HIPEC and five cycles of adju-
vant chemotherapy versus surgery without HIPEC followed by eight cycles of adjuvant
systemic chemotherapy in 326 patients with pmGC. The study endpoints are 5-year PFS,
5-year OS, peritoneal metastasis rate, and perioperative morbidity [48]. Another prospec-
tive randomized controlled phase III trial was conducted in China to compare NIPS plus
neoadjuvant systemic chemotherapy to neoadjuvant chemotherapy only for the treatment
of pmGC in 238 patients [49]. The preliminary or final results of these two trials have not
yet been published.

4. Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)

Intraperitoneal delivery of cytostatic drugs as pressurized intraperitoneal aerosol
chemotherapy (PIPAC) has emerged as a feasible therapeutic option in patients with peri-
toneal malignancies of primary or secondary origin [50-52]. This approach combines the
advantages of the homogenous distribution of an aerosol and low-dose intraperitoneal
chemotherapy, such as a high intraperitoneal concentration with a low systematic con-
centration. When first introduced by a German group in 2012, PIPAC was used for the
treatment of tumor patients with end-stage disease [53]. Over time, PIPAC was used to
treat gastric cancer patients with neoadjuvant intent or as a part of an adjuvant treatment.
Unfortunately, to date, there have been no phase III studies or randomized controlled trials
considering the scope of PIPAC. Most of the studies on this treatment have been prospective
or retrospective cohort investigations.

In a recent meta-analysis conducted by Di Giorgio et al., a pathological response of
69% (95% CI 0.60-0.77) after PIPAC was reported, ranging between 53.8 and 75% in pmGC
patients. The study included 1990 patients who underwent 4719 PIPAC procedures, in
which the overall proportion of patients who completed three or more cycles of PIPAC
with gastric cancer was 34%. In the same study, an estimated 12-month survival from first
PIPAC for gastric cancer was 25%, with a median overall survival ranging between 4 and
19.1 months [53]. Nadiradze et al. reported an overall survival of 15.4 months after PIPAC
therapy in 24 patients with therapy-resistant pmGC. In 50% of patients, a histological
tumor response was able to be obtained [54]. Another retrospective analysis showed a
median survival of 19.1 months after at least three cycles of PIPAC in 42 patients with
irresectable pmGC. Six patients became resectable after PIPAC treatment [55]. Casella et al.
retrospectively analyzed the outcome of 74 patients with synchronous peritoneal metastasis
of gastric origin treated with PIPAC and systemic chemotherapy. The mean PCI was
16 (range 8-26). The median overall survival from the time of diagnosis was 19.6 months
and from the first PIPAC was 10.5 months. Eleven of 74 patients could be operated on due
to response to the combined treatment [56]. Sindayigaya et al. reported a median overall
survival of 11 months in 144 patients with pmGC scheduled for PIPAC and 16 months for
the subgroup of patients that received at least three cycles of PIPAC. The ten patients (7%)
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that underwent CRS and HIPEC after PIPAC therapy recorded a median overall survival
of 15 months [57].

In a Russian prospective phase Il trial that included 31 patients with pmGC, the pa-
tients received four cycles of systemic chemotherapy followed by PIPAC every 6 weeks,
with two cycles of systemic chemotherapy between the PIPAC cycles. The overall survival
was 13 months and 60% of the patients showed a major pathologic response [58]. Struller
et al. were able to show stable disease or disease regression in 25 patients with therapy-
resistant pmGC treated with PIPAC every six weeks for three cycles within a prospective
phase II trial. The median overall survival was 6.7 months [59]. The prospective phase
II PIPAC-OPC2 trial investigated PIPAC treatment in patients with peritoneal metasta-
sis from different origins. The median survival of the subgroup of pmGC patients was
7.4 months [60]. Kryh-Jensen et al. retrospectively analyzed data from the prospective
PIPAC-OPC1 and PIPAC-OPC2 studies, considering long-term survival after PIPAC for the
treatment of peritoneal metastasis of different origins. Nine of 39 patients with pmGC (23%)
survived for at least 21 months, defined as long-term survival for this group of patients.
The median overall survival after first PIPAC was 7.8 months [61]. Ellebaek et al. reported
a median survival of 11.5 months from the time of diagnosis and 4.7 months after the first
PIPAC procedure in a smaller cohort of twenty pmGC patients from the same database.
Ten of the twenty patients completed the scheduled three cycles of PIPAC [62].

The outcome data of the above-mentioned studies is summarized in Table 2.

Table 2. Outcome after PIPAC therapy in patients with pmGC. * PM of different origin, ** pmGC
only, n.a.: not assessed.

Author Study Design OIS SAE Mo I?e;j;gi;;g;;‘;‘] N eman O
Di Giorgio et al. [53] meta-analysis 4 1.3 69.2 12.3
Nadiradze et al. [54] retrospective 125 8.3 50 154
Alyami et al. [55] retrospective 6.1 4.7 n.a. 19.1
Casella et al. [56] retrospective 4 0 n.a. 10.5
Sindayigaya et al. [57] retrospective 49 14 73 11
Khomyakov et al. [58] phase II 3.2 0 60 13
Struller et al. [59] phase I 12 0 75 6.7
Graversen et al. [60] phase I 4.5 4 61* 7.4 **

Recently, an international PIPAC consensus meeting was held by dedicated experts to
limit the heterogeneity of treatment protocols. Accordingly, 90.9% of the experts agreed
to use the combination of doxorubicin (2.1 mg/ m?) and cisplatin (10.5 mg/ m?) for PIPAC
therapy, while 72.7% supported oxaliplatin at 120 mg/m?. A 25% dose reduction can be
considered in frail patients (90 mg/m?). Mitomycin-C and Nab-paclitaxel were proposed
as other alternative drugs for PIPAC [63].

The PIPAC VER-One trial is an ongoing prospective randomized phase III clinical trial
that compares systemic chemotherapy plus PIPAC to systemic chemotherapy only as a
treatment for patients with gastric cancer and positive cytology or limited peritoneal metas-
tasis (PCI < 6). The primary endpoint is the secondary resectability rate. Moreover, overall
survival, progression-free survival, disease-free survival, morbidity according to CTCAE,
histological response, quality of life, and cost effectiveness are being evaluated [64]. The
prospective phase II PIPAC EstoK 01 trial investigating PIPAC plus intravenous chemother-
apy versus systemic chemotherapy only in patients with pmGC with a Peritoneal Cancer
Index (PCI) > 8 had to be stopped due to an elevated number of bowel obstructions, after
having included 64 patients. The initial proposed number of patients to be included was
94 [65].
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5. Laparoscopic HIPEC with Palliative Intent

Peritoneal metastasis is often associated with malignant ascites that, in some cases,
cannot be managed using conservative treatment such as systemic chemotherapy, im-
munotherapy, medical treatment, and paracentesis. Symptomatic ascites seriously impair
the quality of life of tumor patients [66]. Interestingly, regression of malignant ascites has
been described as a positive side-effect of HIPEC treatment [67]. Valle et al. published
the data of 12 patients with peritoneal metastasis from different origins and refractory
malignant ascites treated with palliative laparoscopic HIPEC without cytoreductive surgery
(CRS). The malignant ascites completely disappeared in ten out of twelve patients. Two
patients developed recurrent ascites 124 and 283 days after palliative laparoscopic HIPEC.
The grade III/IV morbidity and the mortality rate were both 0%. Nevertheless, there were
only two patients included with pmGC and their postoperative survival was short, at only
16 and 50 days, respectively [68]. Facchiano et al. reported a regression of ascites in five
patients with unresectable pmGC treated with laparoscopic HIPEC [69]. Another retro-
spective analysis comparing 45 patients with >3000 mL of malignant ascites of different
origins treated with repeated laparoscopic HIPEC followed by systemic chemotherapy to
35 patients treated with systemic chemotherapy only showed a short-term total effective
rate of 91% vs. 40% in the control group. Total response has been defined as the disappear-
ance of ascites in >4 weeks and partial response as a reduction of ascites >50% for at least
4 weeks. There was no statistically significant difference regarding in the treatment-
associated adverse events between the groups [70].

Zao et al. reported a complete or partial ascites remission rate of 70.6% in 26 patients
treated with two cycles of whole-body hyperthermia and HIPEC versus 33.3% in 21 patients
of the control group treated with systemic chemotherapy [71]. Comparable data was pub-
lished by Yarema et al., showing ascites recurrence in only two of ten patients treated with
palliative surgery and HIPEC [72]. In a prospective randomized clinical trial published by
Zhang et al. investigating palliative laparoscopic surgery followed by HIPEC and systemic
chemotherapy with (treatment group, n = 60) and without additional immunotherapy
(control group, n = 60), the objective remission rates of the ascites were 58% and 35%
(p = 0.01), respectively [73].

6. Discussion

It is certain that systemic chemotherapy or immunotherapy are the standard of care
in patients with peritoneal metastasis of gastric origin. Nevertheless, additional local
treatments, including surgery and intraperitoneal chemotherapy, might improve survival
in selected patients. Although the treatment of patients with pmGC with cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy within clinical trials is recom-
mended by most guidelines, clinical trials are often not available (Table 1). Thus, we
propose the following treatment algorithm for selected patients with gastric cancer and lim-
ited peritoneal metastasis (Figure 1). All patients should be discussed in a multidisciplinary
tumor board prior to initial therapy, and the chosen multimodal treatment concept must
be evaluated regarding the expected results and adapted if necessary. Moreover, patient
data should be prospectively recorded and regularly analyzed with regard to feasibility,
complications, and patient outcome.

There is good evidence from prospective randomized clinical trials for the efficacy of
neoadjuvant systemic chemotherapy with FLOT in patients with limited metastatic and
locally advanced gastric cancer. Moreover, this regimen showed superiority over other
drug combinations in this clinical setup [74-76]. Based on this data, FLOT is recommended
as the standard of care for neoadjuvant treatment of gastric cancer patients by national and
international guidelines [7,8]. Thus, the FLOT regimen might also be preferred for systemic
treatment of patients with pmGC with neoadjuvant intent. However, tumor histology
and molecular tumor characteristics play a pivotal role in the prognosis and response to
systemic therapy. Tumor characteristics such as positive HER2 status, MSI, or expression of
Claudin18.2 already determine additional therapeutic options in patients with gastric can-
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cer [77]. Based on individual patient and tumor characteristics, alternative chemotherapy
regimens, targeted therapy, and immunotherapy might be considered for drug selection in
order to reach the maximal response and tumor regression in a neoadjuvant setting [77,78].

Peritoneal metastatic
gastric cancer (pmGC)

No distant metastasis Distant metastasis and/or
Mo exclusion criteria for Staging exclusion criteria for
CRS/HIPEC CRS/HIPEC

Limited peritoneal metastasis ’_ﬁ_‘ Diffuse tumor spread
No small bowel involvement LAPAROSCOPY Small bowel involvement

Neoadjuvant systemic therapy

+/- IPCIPIPAC
No distant metastasis l Distant metastasis and/or | [ Palliative systemic 1
No exclusion criteria for Restaging exclusion criteria for therapy or e
CRS/HIPEC CRS/HIPEC Best supportive care

: : ; |
PCl<6 | LAPAROSCOPY PCl > 6

CRS incl. gastrectomy
| and LAD D2 plus HIPEC

I

Completion of systemic
therapy

Figure 1. Proposed treatment algorithm for patients with peritoneal metastatic gastric cancer (pmGC).

Published studies have shown consistently that the peritoneal distribution of tumor
deposits and the complete removal of all visible intraperitoneal tumor nodules during
cytoreductive surgery play a pivotal role in the oncological outcome of treated patients.
Considering the available survival data from prospective clinical trials and retrospective
analyses, the cut-off value for patients with pmGC that qualify for CRS and HIPEC seems
to be a Peritoneal Cancer Index (PCI) of 6. Moreover, complete macroscopic cytoreduction
(CC-0) has been shown to be an independent positive predictive marker for improved
survival in almost all published multivariate analyses.

In contrast, the optimal HIPEC regimen for patients with pmGC is still a matter of de-
bate, and published data do not support clear recommendations. Numerous different drugs,
dosages, and perfusion protocols have been reported as showing comparable efficacy and
safety profiles. Selected representative published HIPEC regimens from four randomized
controlled trials, prospective studies, and retrospective analyses are summarized in Table 3.

Considering national guidelines and local standard operating procedures, additional
local treatment with NIPS or PIPAC might be discussed as an integrated part of a neoad-
juvant intended interdisciplinary treatment concept. Alyami et al. showed that repeated
PIPAC may lead to tumor regression and allow for CRS plus HIPEC in selected patients
with peritoneal metastasis. Twenty-six out of 146 patients given palliative PIPAC treat-
ment were scheduled for CRS and HIPEC. In 21 patients (14.4%), complete macroscopic
cytoreduction was achieved [55]. However, the published data do not allow for clear
recommendations for PIPAC in the neoadjuvant treatment of pmGC patients. Results from
prospective RCTs providing high level evidence are not available.
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Table 3. Selected representative published HIPEC regimens for pmGC.
Author HIPEC Regimen Duration of Perfusion RCT
Badgwell et al. [79] m1t9myc1n €30 mg.+ c1sp1.at1n 200 mg 60 min no
intravenous sodium thiosulfate
. . _ 2 . . N
Glehen et al. [S0] mitomycin C 30-50 mg/ r112 =+ cisplatin 50-100 60-120 min no
mg/m
oxaliplatin 360-460 mg/m? = irinotecan 100-200 .
Glehen et al. [80] mg /m? + intravenous 5-FU /FA 30 min no
Koemans et al. [37] oxaliplatin 460 mg/m? + docetaxel 50 mg/m? 30 + 90 min yes
Piso et al. [81] cisplatin 75 mg/ m? + doxorubicin 15 mg/ m? 60 min no
Rau et al. [30] mitomycin C 15 mg/m? + cisplatin 75 mg/m? 60 min yes
Rudloff et al. [29] oxaliplatin 460 mg/m? + intravenous 5-FU/FA 30 min yes
Shen et al. [82] mitomycin C 30 mg + additional 10 mg at 60 min 120 min no
Van der Kaaij [83] oxaliplatin 460 mg/m? + docetaxel 0, 50, 75 mg/m? 30 + 90 min no
Yang et al. [28] mitomycin C 30 mg + cisplatin 120 mg 60-90 min yes
. . 2 . . 2
Yarema et al. [72] mitomycin C 12..5 mg/m~ + cisplatin 75 mg/m~ + 90 min no
intravenous 5-FU
mitomycin C 10-15 mg/m? = cisplatin 75 mg/m? +
intravenous 5-FU .
Yarema et al. [54] cisplatin 75 mg/m? + doxorubicin 15 mg/m? 30-90 min no
oxaliplatin 460 mg/m? + intravenous 5-FU
Yonemura et al. [85] mitomycin C 30 mg + cisplatin 300 mg + 60 min no
etoposide 150 mg
Yonemura et al. [45] mitomycin C 12.5 mg/m? + cisplatin 50 mg/m? 60 min no

A novel treatment strategy with laparoscopic hyperthermic intraperitoneal chemother-
apy for patients with pmGC was developed at the University of Texas, at the MD Anderson
Cancer Center. Inclusion of patients was based upon strict eligibility criteria, such as lim-
ited peritoneal metastasis and/or positive peritoneal cytology, ECOG performance status
<2, and adequate renal, hematologic, and liver function. Patients with metastases other
than peritoneal were excluded from the treatment protocol, which consisted of first-line
chemotherapy, re-staging, and laparoscopic HIPEC in the case of regression or stable disease.
After laparoscopic HIPEC, the patients were re-staged again to decide on further treatment
options: repeated laparoscopic HIPEC, CRS/HIPEC including gastrectomy, second-line
systemic chemotherapy, or inclusion in a phase I clinical trial [86]. The analysis included 44
patients who underwent 71 laparoscopic HIPEC procedures, and illustrated the feasibility
of neoadjuvant laparoscopic HIPEC [79,86]. These patients underwent curative-intent
multimodal therapy as part of a standardized algorithm for patients with pmGC.

Yonemura et al. reported a statistically significant reduction of PCI after one cycle of
neoadjuvant intended laparoscopic HIPEC and after two cycles of laparoscopic HIPEC plus
three cycles of NIPS. After this combined treatment, complete cytoreduction was achieved
in 30 of 52 patients (56.7%) [87].

Current data from several ongoing RCTs legitimize the use of CRS and HIPEC to
improve historically poor outcomes in patients with pmGC. However, many questions still
need to be clarified, including the optimal timing, treatment regimen, dosing, and treatment
algorithm. The eagerly awaited PERISCOPE II multicenter randomized controlled trial
will definitively determine whether gastric cancer patients with limited peritoneal dissem-
ination and/or tumor positive peritoneal cytology treated with systemic chemotherapy,
gastrectomy, CRS, and HIPEC show a survival benefit over patients treated with palliative
systemic chemotherapy only [37].
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In patients with therapy refractory symptomatic malignant ascites due to peritoneal
metastasis of gastric origin, additional local treatment options, such as laparoscopic HIPEC
or PIPAC, should be considered to improve quality of life. However, patient-related
factors such as comorbidities and prognosis, the pre-interventional quality of life, and the
individual risk of perioperative and postoperative complications should be considered in
decision making.

7. Conclusions

There is evidence that the local treatment of peritoneal metastasis as part of an in-
terdisciplinary treatment concept may improve survival and quality of life in selected
patients with peritoneal metastatic gastric cancer. Thus, all patients should be discussed
in an interdisciplinary tumor board at the time of diagnosis. Consistent patient selection
plays a crucial role in the efficacy of the different local treatment options and helps to avoid
unnecessary adverse events.

Further clinical trials are needed to investigate the therapeutic potential of additive
local treatment for peritoneal metastasis of gastric origin in the survival and improvement
of quality of life of patients.
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Abbreviations
CcC completeness of cytoreduction score
CRS cytoreductive surgery

CTCAE Common Terminology Criteria for Adverse Events
ESMO  European Society for Medical Oncology

FA folinic acid

FLOT 5-FU/leucovorin/oxaliplatin/docetaxel

5-FU 5- fluorouracil

HER2 human epidermal growth factor receptor 2

HIPEC  hyperthermic intraperitoneal chemotherapy

IPC intraperitoneal chemotherapy

IPTW inverse probability of treatment weighting

LAD lymphadenectomy

MFS metastasis-free survival
MMC mitomycin C
MSI microsatellite instability

NCCN  National Comprehensive Cancer Network
NICE National Institute for Health and Care Excellence

NIPS neoadjuvant intraperitoneal systemic chemotherapy
RCT randomized controlled trial

NRCT non-randomized controlled trial

OS overall survival

PCI Peritoneal Cancer Index

PFS progression-free survival

PIPAC  pressurized intraperitoneal aerosol chemotherapy
pmGC  peritoneal metastatic gastric cancer

PR partial response

RCT randomized controlled trial

TR total response



Curr. Oncol. 2024, 31 1455

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
Ikeguchi, M.; Oka, A.; Tsujitani, S.; Maeta, M.; Kaibara, N. Relationship between area of serosal invasion and intraperitoneal free
cancer cells in patients with gastric cancer. Anticancer Res. 1994, 14, 2131-2134. [PubMed]

Riihimaki, M.; Hemminki, A.; Sundquist, K.; Sundquist, J.; Hemminki, K. Metastatic spread in patients with gastric cancer.
Oncotarget 2016, 7, 52307-52316. [CrossRef]

D’Angelica, M.; Gonen, M.; Brennan, ML.E,; Turnbull, A.D.; Bains, M.; Karpeh, M.S. Patterns of initial recurrence in completely
resected gastric adenocarcinoma. Ann. Surg. 2004, 240, 808-816. [CrossRef] [PubMed]

Sasako, M.; Sano, T.; Yamamoto, S.; Kurokawa, Y.; Nashimoto, A.; Kurita, A.; Hiratsuka, M.; Tsujinaka, T.; Kinoshita, T.; Arai,
K.; et al. D2 lymphadenectomy alone or with para-aortic nodal dissection for gastric cancer. N. Engl. J. Med. 2008, 359, 453—462.
[CrossRef] [PubMed]

Thomassen, I.; van Gestel, Y.R.; van Ramshorst, B.; Luyer, M.D.; Bosscha, K.; Nienhuijs, S.W.; Lemmens, V.E.; de Hingh, I.H.
Peritoneal carcinomatosis of gastric origin: A population-based study on incidence, survival and risk factors. Int. ]. Cancer 2014,
134, 622-628. [CrossRef]

Monig, S.; Ott, K.; Gockel, I; Lorenz, D.; Ludwig, K.; Messmann, H.; Moehler, M.; Piso, P.; Weimann, A.; Meyer, H.]. S3 guidelines
on gastric cancer-diagnosis and treatment of adenocarcinoma of the stomach and esophagogastric junction: Version 2.0-August
2019. AWMEF register number: 032/0090L. Chirurg 2020, 91, 37-40. [CrossRef]

Lordick, E; Carneiro, F.; Cascinu, S.; Fleitas, T.; Haustermans, K.; Piessen, G.; Vogel, A.; Smyth, E.C.; on behalf of theESMO
Guidelines Committee. Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol.
2022, 33, 1005-1020. [CrossRef]

Ajani, J.A.; D’Amico, T.A.; Bentrem, D.J.; Chao, J.; Cooke, D.; Corvera, C.; Das, P; Enzinger, P.C.; Enzler, T.; Fanta, P; et al. Gastric
Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2022, 20, 167-192. [CrossRef]
Zaanan, A.; Bouche, O.; Benhaim, L.; Buecher, B.; Chapelle, N.; Dubreuil, O.; Fares, N.; Granger, V.; Lefort, C.; Gagniere, J.; et al.
Gastric cancer: French intergroup clinical practice guidelines for diagnosis, treatments and follow-up (SNFGE, FFCD, GERCOR,
UNICANCER, SFCD, SFED, SFRO). Dig. Liver Dis. 2018, 50, 768-779. [CrossRef]

National Comprehensive Cancer Network. Gastric Cancer, Version 1.2023, NCCN Clinical Practice Guidelines in Ocology. 2023.
Available online: https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf (accessed on 20 December 2023).
Fujitani, K.; Yang, HK.; Mizusawa, J.; Kim, Y.W.; Terashima, M.; Han, S.U.; Iwasaki, Y.; Hyung, W.J.; Takagane, A.; Park, D.J.;
et al. Gastrectomy plus chemotherapy versus chemotherapy alone for advanced gastric cancer with a single non-curable factor
(REGATTA): A phase 3, randomised controlled trial. Lancet Oncol. 2016, 17, 309-318. [CrossRef] [PubMed]

Sun, J.; Song, Y.; Wang, Z.; Gao, P.; Chen, X.; Xu, Y.; Liang, J.; Xu, H. Benefits of hyperthermic intraperitoneal chemotherapy for
patients with serosal invasion in gastric cancer: A meta-analysis of the randomized controlled trials. BMC Cancer 2012, 12, 526.
[CrossRef] [PubMed]

Sugarbaker, P.H.; Jablonski, K.A. Prognostic features of 51 colorectal and 130 appendiceal cancer patients with peritoneal
carcinomatosis treated by cytoreductive surgery and intraperitoneal chemotherapy. Ann. Surg. 1995, 221, 124-132. [CrossRef]
[PubMed]

Sugarbaker, PH.; Cunliffe, W.J.; Belliveau, J.; de Bruijn, E.A.; Graves, T.; Mullins, R.E.; Schlag, P. Rationale for integrating early
postoperative intraperitoneal chemotherapy into the surgical treatment of gastrointestinal cancer. Semin. Oncol. 1989, 16, 83-97.
[PubMed]

Sugarbaker, PH. New standard of care for appendiceal epithelial neoplasms and pseudomyxoma peritonei syndrome? Lancet
Oncol. 2006, 7, 69-76. [CrossRef] [PubMed]

Sugarbaker, P.H. Peritonectomy procedures. Ann. Surg. 1995, 221, 29-42. [CrossRef] [PubMed]

Jacquet, P; Sugarbaker, PH. Clinical research methodologies in diagnosis and staging of patients with peritoneal carcinomatosis.
Cancer Treat. Res. 1996, 82, 359-374.

Zhang, J.F; Lv, L.; Zhao, S.; Zhou, Q.; Jiang, C.G. Hyperthermic Intraperitoneal Chemotherapy (HIPEC) Combined with Surgery:
A 12-Year Meta-Analysis of this Promising Treatment Strategy for Advanced Gastric Cancer at Different Stages. Ann. Surg. Oncol.
2022, 29, 3170-3186. [CrossRef]

Chen, Z.; Ali, M,; Kai, Z.; Wang, Y.; Wang, C. HIPEC with CRS versus cytoreductive surgery (CRS) for the gastric cancer metastasis
to peritoneum. Clin. Transl. Oncol. 2023, 25, 1011-1016. [CrossRef]

Desiderio, J.; Chao, J.; Melstrom, L.; Warner, S.; Tozzi, F.; Fong, Y.; Parisi, A.; Woo, Y. The 30-year experience-A meta-analysis of
randomised and high-quality non-randomised studies of hyperthermic intraperitoneal chemotherapy in the treatment of gastric
cancer. Eur. J. Cancer 2017, 79, 1-14. [CrossRef]

Bonnot, PE.; Piessen, G.; Kepenekian, V.; Decullier, E.; Pocard, M.; Meunier, B.; Bereder, ].M.; Abboud, K.; Marchal, F.; Quenet, F;
et al. Cytoreductive Surgery With or Without Hyperthermic Intraperitoneal Chemotherapy for Gastric Cancer With Peritoneal
Metastases (CYTO-CHIP study): A Propensity Score Analysis. J. Clin. Oncol. 2019, 37, 2028-2040. [CrossRef] [PubMed]


https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/7840512
https://doi.org/10.18632/oncotarget.10740
https://doi.org/10.1097/01.sla.0000143245.28656.15
https://www.ncbi.nlm.nih.gov/pubmed/15492562
https://doi.org/10.1056/NEJMoa0707035
https://www.ncbi.nlm.nih.gov/pubmed/18669424
https://doi.org/10.1002/ijc.28373
https://doi.org/10.1007/s00104-020-01112-y
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.6004/jnccn.2022.0008
https://doi.org/10.1016/j.dld.2018.04.025
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://doi.org/10.1016/S1470-2045(15)00553-7
https://www.ncbi.nlm.nih.gov/pubmed/26822397
https://doi.org/10.1186/1471-2407-12-526
https://www.ncbi.nlm.nih.gov/pubmed/23153379
https://doi.org/10.1097/00000658-199502000-00002
https://www.ncbi.nlm.nih.gov/pubmed/7857141
https://www.ncbi.nlm.nih.gov/pubmed/2669141
https://doi.org/10.1016/S1470-2045(05)70539-8
https://www.ncbi.nlm.nih.gov/pubmed/16389186
https://doi.org/10.1097/00000658-199501000-00004
https://www.ncbi.nlm.nih.gov/pubmed/7826158
https://doi.org/10.1245/s10434-021-11316-z
https://doi.org/10.1007/s12094-022-03004-5
https://doi.org/10.1016/j.ejca.2017.03.030
https://doi.org/10.1200/JCO.18.01688
https://www.ncbi.nlm.nih.gov/pubmed/31084544

Curr. Oncol. 2024, 31 1456

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Manzanedo, I.; Pereira, F.; Rihuete Caro, C.; Perez-Viejo, E.; Serrano, A.; Gutierrez Calvo, A.; Regueira, FM.; Casado-Adam, A ;
Cascales-Campos, PA.; Arteaga, X.; et al. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy (HIPEC) for
Gastric Cancer with Peritoneal Carcinomatosis: Multicenter Study of Spanish Group of Peritoneal Oncologic Surgery (GECOP).
Ann. Surg. Oncol. 2019, 26, 2615-2621. [CrossRef] [PubMed]

Rau, B.; Brandl, A.; Piso, P.; Pelz, J.; Busch, P.; Demtroder, C.; Schule, S.; Schlitt, H.J.; Roitman, M.; Tepel, J.; et al. Peritoneal
metastasis in gastric cancer: Results from the German database. Gastric Cancer 2020, 23, 11-22. [CrossRef] [PubMed]

Marano, L.; Marrelli, D.; Sammartino, P.; Biacchi, D.; Graziosi, L.; Marino, E.; Coccolini, F.; Fugazzola, P.; Valle, M.; Federici, O.;
et al. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy for Gastric Cancer with Synchronous Peritoneal
Metastases: Multicenter Study of ‘Italian Peritoneal Surface Malignancies Oncoteam-S.1.C.O.”. Ann. Surg. Oncol. 2021, 28,
9060-9070. [CrossRef] [PubMed]

Brandl, A.; Yonemura, Y.; Glehen, O.; Sugarbaker, P; Rau, B. Long term survival in patients with peritoneal metastasised gastric
cancer treated with cytoreductive surgery and HIPEC: A multi-institutional cohort from PSOGI. Eur. J. Surg. Oncol. 2021, 47,
172-180. [CrossRef]

Badgwell, B.; Ikoma, N.; Murphy, M.B.; Wang, X.; Estrella, J.; Roy-Chowdhuri, S.; Das, P.; Minsky, B.D.; Lano, E.; Song, S.; et al. A
Phase II Trial of Cytoreduction, Gastrectomy, and Hyperthermic Intraperitoneal Perfusion with Chemotherapy for Patients with
Gastric Cancer and Carcinomatosis or Positive Cytology. Ann. Surg. Oncol. 2021, 28, 258-264. [CrossRef]

Yang, X.J.; Huang, C.Q.; Suo, T,; Mei, L.J.; Yang, G.L.; Cheng, FEL.; Zhou, Y.F; Xiong, B.; Yonemura, Y.; Li, Y. Cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy improves survival of patients with peritoneal carcinomatosis from gastric cancer:
Final results of a phase III randomized clinical trial. Ann. Surg. Oncol. 2011, 18, 1575-1581. [CrossRef]

Rudloff, U.; Langan, R.C.; Mullinax, J.E.; Beane, ].D.; Steinberg, S.M.; Beresnev, T.; Webb, C.C.; Walker, M.; Toomey, M.A.;
Schrump, D.; et al. Impact of maximal cytoreductive surgery plus regional heated intraperitoneal chemotherapy (HIPEC) on
outcome of patients with peritoneal carcinomatosis of gastric origin: Results of the GYMSSA trial. . Surg. Oncol. 2014, 110,
275-284. [CrossRef]

Rau, B.; Lang, H.; Koenigsrainer, A.; Gockel, I.; Rau, H.G.; Seeliger, H.; Lerchenmueller, C.; Reim, D.; Wahba, R.; Angele, M.; et al.
Effect of Hyperthermic Intraperitoneal Chemotherapy on Cytoreductive Surgery in Gastric Cancer With Synchronous Peritoneal
Metastases: The Phase III GASTRIPEC-I Trial. J. Clin. Oncol. 2023, 42, 146-156. [CrossRef]

NICE. Interventional Procedure Overview of Cytoreduction Surgery with Hyperthermic Intraoperative Peritoneal Chemotherapy for
Peritoneal Carcinomatosis; National Institute of Health and Care Excellence: London, UK, 2021; IP 256/3 [IPG688].

Chicago Consensus Working Group. The Chicago Consensus on Peritoneal Surface Malignancies: Management of Gastric
Metastases. Ann. Surg. Oncol. 2020, 27, 1768-1773. [CrossRef]

Ukegjini, K.; Guidi, M.; Lehmann, K.; Suveg, K.; Putora, PM.; Cihoric, N.; Steffen, T. Current Research and Development in Hy-
perthermic Intraperitoneal Chemotherapy (HIPEC)-A Cross-Sectional Analysis of Clinical Trials Registered on ClinicalTrials.gov.
Cancers 2023, 15, 1926. [CrossRef]

Gotze, T.O.; Piso, P; Lorenzen, S.; Bankstahl, U.S.; Pauligk, C.; Elshafei, M.; Amato, G.; Reim, D.; Bechstein, W.O.; Konigsrainer,
A.; et al. Preventive HIPEC in combination with perioperative FLOT versus FLOT alone for resectable diffuse type gastric and
gastroesophageal junction type II/III adenocarcinoma—The phase III “PREVENT”-(FLOTY) trial of the AIO /CAOGI /ACO.
BMC Cancer 2021, 21, 1158. [CrossRef]

Di Giorgio, A.; Gerardi, C.; Abatini, C.; Melotti, G.; Bonavina, L.; Torri, V.; Santullo, E; Garattini, S.; De Luca, M.; Rulli, E,;
et al. Prophylactic surgery plus hyperthermic intraperitoneal chemotherapy (HIPEC CO2) versus standard surgery for gastric
carcinoma at high risk of peritoneal carcinomatosis: Short and long-term outcomes (GOETH STUDY)-a collaborative randomized
controlled trial by ACOI, FONDAZIONE AIOM, SIC, SICE, and SICO. Trials 2022, 23, 969. [CrossRef]

Glehen, O.; Passot, G.; Villeneuve, L.; Vaudoyer, D.; Bin-Dorel, S.; Boschetti, G.; Piaton, E.; Garofalo, A. GASTRICHIP: D2
resection and hyperthermic intraperitoneal chemotherapy in locally advanced gastric carcinoma: A randomized and multicenter
phase III study. BMC Cancer 2014, 14, 183. [CrossRef]

Koemans, WJ.; van der Kaaij, R.T.; Boot, H.; Buffart, T.; Veenhof, A.; Hartemink, K.J.; Grootscholten, C.; Snaebjornsson, P.;
Retel, V.P; van Tinteren, H.; et al. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy versus palliative
systemic chemotherapy in stomach cancer patients with peritoneal dissemination, the study protocol of a multicentre randomised
controlled trial (PERISCOPE II). BMC Cancer 2019, 19, 420. [CrossRef]

Takahashi, N.; Kanda, M.; Yoshikawa, T.; Takiguchi, N.; Fujitani, K.; Miyamoto, K.; Ito, Y.; Takayama, O.; Imano, M.; Mitsumori,
N.; et al. A randomized phase II multicenter trial to explore efficacy of weekly intraperitoneal in comparison with intravenous
paclitaxel administered immediately after gastrectomy to the patients with high risk of peritoneal recurrence: Final results of the
INPACT trial. Gastric Cancer 2018, 21, 1014-1023. [CrossRef]

Ishigami, H.; Fujiwara, Y.; Fukushima, R.; Nashimoto, A.; Yabusaki, H.; Imano, M.; Imamoto, H.; Kodera, Y.; Uenosono, Y;
Amagai, K.; et al. Phase III Trial Comparing Intraperitoneal and Intravenous Paclitaxel Plus S-1 Versus Cisplatin Plus S-1 in
Patients With Gastric Cancer With Peritoneal Metastasis: PHOENIX-GC Trial. J. Clin. Oncol. 2018, 36, 1922-1929. [CrossRef]
Yamaguchi, H.; Kitayama, J.; Ishigami, H.; Emoto, S.; Yamashita, H.; Watanabe, T. A phase 2 trial of intravenous and intraperitoneal
paclitaxel combined with S-1 for treatment of gastric cancer with macroscopic peritoneal metastasis. Cancer 2013, 119, 3354-3358.
[CrossRef] [PubMed]


https://doi.org/10.1245/s10434-019-07450-4
https://www.ncbi.nlm.nih.gov/pubmed/31115852
https://doi.org/10.1007/s10120-019-00978-0
https://www.ncbi.nlm.nih.gov/pubmed/31228044
https://doi.org/10.1245/s10434-021-10157-0
https://www.ncbi.nlm.nih.gov/pubmed/34057569
https://doi.org/10.1016/j.ejso.2020.10.006
https://doi.org/10.1245/s10434-020-08739-5
https://doi.org/10.1245/s10434-011-1631-5
https://doi.org/10.1002/jso.23633
https://doi.org/10.1200/JCO.22.02867
https://doi.org/10.1245/s10434-020-08320-0
https://doi.org/10.3390/cancers15071926
https://doi.org/10.1186/s12885-021-08872-8
https://doi.org/10.1186/s13063-022-06880-y
https://doi.org/10.1186/1471-2407-14-183
https://doi.org/10.1186/s12885-019-5640-2
https://doi.org/10.1007/s10120-018-0817-y
https://doi.org/10.1200/JCO.2018.77.8613
https://doi.org/10.1002/cncr.28204
https://www.ncbi.nlm.nih.gov/pubmed/23798046

Curr. Oncol. 2024, 31 1457

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kobayashi, D.; Kodera, Y.; Fukushima, R.; Morita, M.; Fushida, S.; Yamashita, N.; Yoshikawa, K.; Ueda, S.; Yabusaki, H.;
Kusumoto, T.; et al. Phase II Study of Intraperitoneal Administration of Paclitaxel Combined with S-1 and Cisplatin for Gastric
Cancer with Peritoneal Metastasis. Ann. Surg. Oncol. 2024, 31, 735-743. [CrossRef] [PubMed]

Shinkai, M.; Imano, M.; Chiba, Y.; Iwama, M.; Shiraisi, O.; Yasuda, A.; Tsubaki, M.; Nishida, S.; Kimura, Y.; Yasuda, T. Phase II
trial of neoadjuvant chemotherapy with intraperitoneal paclitaxel, S-1, and intravenous cisplatin and paclitaxel for stage IIIA or
IIB gastric cancer. J. Surg. Oncol. 2019, 119, 56-63. [CrossRef] [PubMed]

Saito, S.; Yamaguchi, H.; Ohzawa, H.; Miyato, H.; Kanamaru, R.; Kurashina, K.; Hosoya, Y.; Lefor, A K,; Sata, N.; Kitayama,
J. Intraperitoneal Administration of Paclitaxel Combined with S-1 Plus Oxaliplatin as Induction Therapy for Patients with
Advanced Gastric Cancer with Peritoneal Metastases. Ann. Surg. Oncol. 2021, 28, 3863-3870. [CrossRef]

Yonemura, Y.; Canbay, E.; Li, Y.; Coccolini, F.; Glehen, O.; Sugarbaker, P.H.; Morris, D.; Moran, B.; Gonzaletz-Moreno, S.; Deraco,
M.; et al. A comprehensive treatment for peritoneal metastases from gastric cancer with curative intent. Eur. . Surg. Oncol. 2016,
42,1123-1131. [CrossRef]

Yonemura, Y.; Prabhu, A.; Sako, S.; Ishibashi, H.; Mizumoto, A.; Takao, N.; Ichinose, M.; Motoi, S.; Liu, Y.; Nishihara, K,; et al.
Long Term Survival after Cytoreductive Surgery Combined with Perioperative Chemotherapy in Gastric Cancer Patients with
Peritoneal Metastasis. Cancers 2020, 12, 116. [CrossRef]

Yang, Z.Y.; Yuan, F; Lu, S.; Xu, W,; Wu, J.W.; Xi, W.Q.; Shi, M.; Wang, Z.Q.; Ni, Z.T,; He, C.Y,; et al. Efficacy and Safety of
Conversion Therapy by Intraperitoneal and Intravenous Paclitaxel Plus Oral S-1 in Gastric Cancer Patients With Peritoneal
Metastasis: A Prospective Phase II Study. Front. Oncol. 2022, 12, 905922. [CrossRef] [PubMed]

Gong, Y.; Wang, P; Zhu, Z.; Zhang, ].; Huang, J.; Wang, T.; Chen, J.; Xu, H. Benefits of Surgery After Neoadjuvant Intraperitoneal
and Systemic Chemotherapy for Gastric Cancer Patients With Peritoneal Metastasis: A Meta-Analysis. J. Surg. Res. 2020, 245,
234-243. [CrossRef] [PubMed]

Beeharry, M.K; Ni, Z.T.; Yang, Z.Y.; Zheng, Y.N.; Feng, R H.; Liu, W.T; Yan, C.; Yao, X.X,; Li, C.; Yan, M.; et al. Study protocol of a
multicenter phase IIIl randomized controlled trial investigating the efficiency of the combination of neoadjuvant chemotherapy
(NAC) and neoadjuvant laparoscopic intraperitoneal hyperthermic chemotherapy (NLHIPEC) followed by RO gastrectomy with
intraoperative HIPEC for advanced gastric cancer (AGC): Dragon II trial. BMC Cancer 2020, 20, 224. [CrossRef]

Lu, S.; Yang, Z.Y,; Yan, C.; Liu, W.T.; Ni, Z.T.; Yao, X.X.; Hua, Z.C.; Feng, R H.; Zheng, Y.N.; Wang, Z.Q.; et al. A phase III trial of
neoadjuvant intraperitoneal and systemic chemotherapy for gastric cancer with peritoneal metastasis. Future Oncol. 2022, 18,
1175-1183. [CrossRef]

Solass, W.; Kerb, R.; Murdter, T.; Giger-Pabst, U.; Strumberg, D.; Tempfer, C.; Zieren, J.; Schwab, M.; Reymond, M. A. Intraperi-
toneal chemotherapy of peritoneal carcinomatosis using pressurized aerosol as an alternative to liquid solution: First evidence for
efficacy. Ann. Surg. Oncol. 2014, 21, 553-559. [CrossRef] [PubMed]

Giger-Pabst, U.; Tempfer, C.B. How to Perform Safe and Technically Optimized Pressurized Intraperitoneal Aerosol Chemotherapy
(PIPAC): Experience After a Consecutive Series of 1200 Procedures. J. Gastrointest. Surg. 2018, 22, 2187-2193. [CrossRef]
Alyami, M.; Hubner, M.; Grass, F,; Bakrin, N.; Villeneuve, L.; Laplace, N.; Passot, G.; Glehen, O.; Kepenekian, V. Pressurised
intraperitoneal aerosol chemotherapy: Rationale, evidence, and potential indications. Lancet Oncol. 2019, 20, e368-e377. [CrossRef]
Di Giorgio, A.; Macri, A.; Ferracci, F; Robella, M.; Visaloco, M.; De Manzoni, G.; Sammartino, P.; Sommariva, A.; Biacchi,
D.; Roviello, F; et al. 10 Years of Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC): A Systematic Review and
Meta-Analysis. Cancers 2023, 15, 1125. [CrossRef]

Nadiradze, G.; Giger-Pabst, U.; Zieren, J.; Strumberg, D.; Solass, W.; Reymond, M.A. Pressurized Intraperitoneal Aerosol
Chemotherapy (PIPAC) with Low-Dose Cisplatin and Doxorubicin in Gastric Peritoneal Metastasis. ]. Gastrointest. Surg. 2016, 20,
367-373. [CrossRef]

Alyami, M.; Mercier, F,; Siebert, M.; Bonnot, P.E.; Laplace, N.; Villeneuve, L.; Passot, G.; Glehen, O.; Bakrin, N.; Kepenekian, V.
Unresectable peritoneal metastasis treated by pressurized intraperitoneal aerosol chemotherapy (PIPAC) leading to cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy. Eur. J. Surg. Oncol. 2021, 47, 128-133. [CrossRef]

Casella, F.; Bencivenga, M.; Brancato, G.; Torroni, L.; Ridolfi, C.; Puccio, C.; Alloggio, M.; Meloni, F.; Fusario, D.; Marrelli, D.;
et al. Bidirectional Approach with PIPAC and Systemic Chemotherapy for Patients with Synchronous Gastric Cancer Peritoneal
Metastases (GCPM). Ann. Surg. Oncol. 2023, 30, 5733-5742. [CrossRef]

Sindayigaya, R.; Dogan, C.; Demtroder, C.R.; Fischer, B.; Karam, E.; Buggisch, ].R.; Tempfer, C.B.; Lecomte, T.; Ouaissi, M.;
Giger-Pabst, U. Clinical Outcome for Patients Managed with Low-Dose Cisplatin and Doxorubicin Delivered as Pressurized
Intraperitoneal Aerosol Chemotherapy for Unresectable Peritoneal Metastases of Gastric Cancer. Ann. Surg. Oncol. 2022, 29,
112-123. [CrossRef] [PubMed]

Khomyakov, V.; Ryabov, A.; Ivanov, A.; Bolotina, L.; Utkina, A.; Volchenko, N.; Kaprin, A. Bidirectional chemotherapy in gastric
cancer with peritoneal metastasis combining intravenous XELOX with intraperitoneal chemotherapy with low-dose cisplatin
and Doxorubicin administered as a pressurized aerosol: An open-label, Phase-2 study (PIPAC-GA?2). Pleura Peritoneum 2016, 1,
159-166. [CrossRef] [PubMed]

Struller, F.; Horvath, P.; Solass, W.; Weinreich, EJ.; Strumberg, D.; Kokkalis, M.K.; Fischer, I.; Meisner, C.; Konigsrainer, A.;
Reymond, M.A. Pressurized intraperitoneal aerosol chemotherapy with low-dose cisplatin and doxorubicin (PIPAC C/D) in
patients with gastric cancer and peritoneal metastasis: A phase II study. Ther. Adv. Med. Oncol. 2019, 11, 1758835919846402.
[CrossRef] [PubMed]


https://doi.org/10.1245/s10434-023-14240-6
https://www.ncbi.nlm.nih.gov/pubmed/37952018
https://doi.org/10.1002/jso.25295
https://www.ncbi.nlm.nih.gov/pubmed/30444009
https://doi.org/10.1245/s10434-020-09388-4
https://doi.org/10.1016/j.ejso.2016.03.016
https://doi.org/10.3390/cancers12010116
https://doi.org/10.3389/fonc.2022.905922
https://www.ncbi.nlm.nih.gov/pubmed/35795055
https://doi.org/10.1016/j.jss.2019.07.044
https://www.ncbi.nlm.nih.gov/pubmed/31421368
https://doi.org/10.1186/s12885-020-6701-2
https://doi.org/10.2217/fon-2021-1414
https://doi.org/10.1245/s10434-013-3213-1
https://www.ncbi.nlm.nih.gov/pubmed/24006094
https://doi.org/10.1007/s11605-018-3916-5
https://doi.org/10.1016/S1470-2045(19)30318-3
https://doi.org/10.3390/cancers15041125
https://doi.org/10.1007/s11605-015-2995-9
https://doi.org/10.1016/j.ejso.2019.06.028
https://doi.org/10.1245/s10434-023-13572-7
https://doi.org/10.1245/s10434-021-10860-y
https://www.ncbi.nlm.nih.gov/pubmed/34611790
https://doi.org/10.1515/pp-2016-0017
https://www.ncbi.nlm.nih.gov/pubmed/30911619
https://doi.org/10.1177/1758835919846402
https://www.ncbi.nlm.nih.gov/pubmed/31205501

Curr. Oncol. 2024, 31 1458

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Graversen, M.; Detlefsen, S.; Ainsworth, A.P,; Fristrup, C.W.; Knudsen, A.O.; Pfeiffer, P.; Tarpgaard, L.S.; Mortensen, M.B.
Treatment of Peritoneal Metastasis with Pressurized Intraperitoneal Aerosol Chemotherapy: Results from the Prospective
PIPAC-OPC2 Study. Ann. Surg. Oncol. 2023, 30, 2634-2644. [CrossRef] [PubMed]

Kryh-Jensen, C.G.; Fristrup, C.W.; Ainsworth, A.P,; Detlefsen, S.; Mortensen, M.B.; Pfeiffer, P.; Tarpgaard, L.S.; Graversen, M.
What is long-term survival in patients with peritoneal metastasis from gastric, pancreatic, or colorectal cancer? A study of patients
treated with systemic chemotherapy and pressurized intraperitoneal aerosol chemotherapy (PIPAC). Pleura Peritoneum 2023, 8,
147-155. [CrossRef] [PubMed]

Ellebaek, S.B.; Graversen, M.; Detlefsen, S.; Lundell, L.; Fristrup, C.W.; Pfeiffer, P.; Mortensen, M.B. Pressurized intraperitoneal
aerosol chemotherapy (PIPAC) of peritoneal metastasis from gastric cancer: A descriptive cohort study. Clin. Exp. Metastasis 2020,
37,325-332. [CrossRef] [PubMed]

Sgarbura, O.; Eveno, C.; Alyami, M.; Bakrin, N.; Guiral, D.C.; Ceelen, W.; Delgadillo, X.; Dellinger, T.; Di Giorgio, A.; Kefleyesus,
A.; et al. Consensus statement for treatment protocols in pressurized intraperitoneal aerosol chemotherapy (PIPAC). Pleura
Peritoneum 2022, 7, 1-7. [CrossRef] [PubMed]

Casella, F,; Bencivenga, M.; Rosati, R.; Fumagalli, U.R.; Marrelli, D.; Pacelli, F.; Macri, A.; Donini, A.; Torroni, L.; Pavarana,
M.; et al. Pressurized intraperitoneal aerosol chemotherapy (PIPAC) in multimodal therapy for patients with oligometastatic
peritoneal gastric cancer: A randomized multicenter phase III trial PIPAC VEROne. Pleura Peritoneum 2022, 7, 135-141. [CrossRef]
[PubMed]

Eveno, C.; Jouvin, I; Pocard, M. PIPAC EstoK 01: Pressurized IntraPeritoneal Aerosol Chemotherapy with cisplatin and
doxorubicin (PIPAC C/D) in gastric peritoneal metastasis: A randomized and multicenter phase II study. Pleura Peritoneum 2018,
3,20180116. [CrossRef] [PubMed]

Kopecky, K.; Monton, O.; Rosman, L.; Johnston, E. Palliative interventions for patients with advanced gastric cancer: A systematic
review. Chin. Clin. Oncol. 2022, 11, 47. [CrossRef] [PubMed]

Fujimoto, S.; Shrestha, R.D.; Kokubun, M.; Ohta, M.; Takahashi, M.; Kobayashi, K.; Kiuchi, S.; Okui, K.; Miyoshi, T.; Arimizu, N.;
et al. Intraperitoneal hyperthermic perfusion combined with surgery effective for gastric cancer patients with peritoneal seeding.
Ann. Surg. 1988, 208, 36—41. [CrossRef]

Valle, S.J.; Alzahrani, N.A.; Alzahrani, S.E.; Liauw, W.; Morris, D.L. Laparoscopic hyperthermic intraperitoneal chemotherapy
(HIPEC) for refractory malignant ascites in patients unsuitable for cytoreductive surgery. Int. J. Surg. 2015, 23, 176-180. [CrossRef]
Facchiano, E.; Scaringi, S.; Kianmanesh, R.; Sabate, ].M.; Castel, B.; Flamant, Y.; Coffin, B.; Msika, S. Laparoscopic hyperthermic
intraperitoneal chemotherapy (HIPEC) for the treatment of malignant ascites secondary to unresectable peritoneal carcinomatosis
from advanced gastric cancer. Eur. J. Surg. Oncol. 2008, 34, 154-158. [CrossRef]

Jiao, J.; Li, C.; Yu, G.; Zhang, L.; Shi, X.; Yan, ].; Zhang, H.; Guo, P. Efficacy of hyperthermic intraperitoneal chemotherapy (HIPEC)
in the management of malignant ascites. World . Surg. Oncol. 2020, 18, 180. [CrossRef]

Zhao, C.; Dai, C.; Chen, X. Whole-body hyperthermia combined with hyperthermic intraperitoneal chemotherapy for the
treatment of stage IV advanced gastric cancer. Int. J. Hyperthermia 2012, 28, 735-741. [CrossRef]

Yarema, R.R.; Ohorchak, M.A.; Zubarev, G.P; Mylyan, Y.P,; Oliynyk, Y.Y.; Zubarev, M.G.; Gyrya, P.L; Kovalchuk, Y.J.; Safiyan, V.L;
Fetsych, T.G. Hyperthermic intraperitoneal chemoperfusion in combined treatment of locally advanced and disseminated gastric
cancer: Results of a single-centre retrospective study. Int. J. Hyperthermia 2014, 30, 159-165. [CrossRef] [PubMed]

Zhang, Z.; Ning, M.Y.; Han, D.; Li, L.; Li, Z.Z. Hyperthermic Intraperitoneal Chemotherapy plus Intravenous Chemotherapy of
Paclitaxel with or without Sintilimab in Gastric Cancer: A Comparative Study. J. Oncol. 2022, 2022, 3054485. [CrossRef] [PubMed]
Al-Batran, S.E.; Hofheinz, R.D.; Pauligk, C.; Kopp, H.G.; Haag, G.M.; Luley, K.B.; Meiler, J.; Homann, N.; Lorenzen, S.;
Schmalenberg, H.; et al. Histopathological regression after neoadjuvant docetaxel, oxaliplatin, fluorouracil, and leucovorin
versus epirubicin, cisplatin, and fluorouracil or capecitabine in patients with resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4-AIO): Results from the phase 2 part of a multicentre, open-label, randomised phase 2/3 trial. Lancet
Oncol. 2016, 17, 1697-1708. [CrossRef]

Al-Batran, S.E.; Homann, N.; Pauligk, C.; lllerhaus, G.; Martens, U.M.; Stoehlmacher, J.; Schmalenberg, H.; Luley, K.B.; Prasnikar,
N.; Egger, M; et al. Effect of Neoadjuvant Chemotherapy Followed by Surgical Resection on Survival in Patients With Limited
Metastatic Gastric or Gastroesophageal Junction Cancer: The AIO-FLOT3 Trial. JAMA Oncol. 2017, 3, 1237-1244. [CrossRef]
Al-Batran, S.E.; Homann, N.; Pauligk, C.; Goetze, T.O.; Meiler, ].; Kasper, S.; Kopp, H.G.; Mayer, F; Haag, G.M.; Luley, K.; et al.
Perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and docetaxel versus fluorouracil or capecitabine
plus cisplatin and epirubicin for locally advanced, resectable gastric or gastro-oesophageal junction adenocarcinoma (FLOT4): A
randomised, phase 2/3 trial. Lancet 2019, 393, 1948-1957. [CrossRef]

Mullen, ].T. Top Gastric Cancer Articles from 2022 and 2023 to Inform Your Cancer Practice. Ann. Surg. Oncol. 2024. [CrossRef]
[PubMed]

Petrioli, R.; Francini, E.; Cherri, S.; Marrelli, D.; Rovello, F.; Fiaschi, A.L.; Miano, S.T.; Savelli, V.; Calomino, N.; Farsi, M.; et al.
Feasibility of modified docetaxel, oxaliplatin, capecitabine followed by capecitabine as maintenance chemotherapy as first-line
therapy for patients with metastatic gastric or gastroesophageal cancer. Anticancer Drugs 2020, 31, 292-297. [CrossRef]
Badgwell, B.; Blum, M.; Das, P; Estrella, J.; Wang, X.; Ho, L.; Fournier, K.; Royal, R.; Mansfield, P.; Ajani, ]J. Phase II Trial of
Laparoscopic Hyperthermic Intraperitoneal Chemoperfusion for Peritoneal Carcinomatosis or Positive Peritoneal Cytology in
Patients with Gastric Adenocarcinoma. Ann. Surg. Oncol. 2017, 24, 3338-3344. [CrossRef] [PubMed]


https://doi.org/10.1245/s10434-022-13010-0
https://www.ncbi.nlm.nih.gov/pubmed/36602663
https://doi.org/10.1515/pp-2023-0038
https://www.ncbi.nlm.nih.gov/pubmed/38144215
https://doi.org/10.1007/s10585-020-10023-5
https://www.ncbi.nlm.nih.gov/pubmed/32002724
https://doi.org/10.1515/pp-2022-0102
https://www.ncbi.nlm.nih.gov/pubmed/35602919
https://doi.org/10.1515/pp-2022-0111
https://www.ncbi.nlm.nih.gov/pubmed/36159218
https://doi.org/10.1515/pp-2018-0116
https://www.ncbi.nlm.nih.gov/pubmed/30911659
https://doi.org/10.21037/cco-22-102
https://www.ncbi.nlm.nih.gov/pubmed/36632980
https://doi.org/10.1097/00000658-198807000-00005
https://doi.org/10.1016/j.ijsu.2015.09.074
https://doi.org/10.1016/j.ejso.2007.05.015
https://doi.org/10.1186/s12957-020-01956-y
https://doi.org/10.3109/02656736.2012.734894
https://doi.org/10.3109/02656736.2014.893451
https://www.ncbi.nlm.nih.gov/pubmed/24641798
https://doi.org/10.1155/2022/3054485
https://www.ncbi.nlm.nih.gov/pubmed/35242186
https://doi.org/10.1016/S1470-2045(16)30531-9
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.1245/s10434-024-15072-8
https://www.ncbi.nlm.nih.gov/pubmed/38388931
https://doi.org/10.1097/CAD.0000000000000877
https://doi.org/10.1245/s10434-017-6047-4
https://www.ncbi.nlm.nih.gov/pubmed/28799004

Curr. Oncol. 2024, 31 1459

80.

81.

82.

83.

84.

85.

86.

87.

Glehen, O.; Gilly, EN.; Arvieux, C.; Cotte, E.; Boutitie, F.; Mansvelt, B.; Bereder, ].M.; Lorimier, G.; Quenet, E; Elias, D.; et al.
Peritoneal carcinomatosis from gastric cancer: A multi-institutional study of 159 patients treated by cytoreductive surgery
combined with perioperative intraperitoneal chemotherapy. Ann. Surg. Oncol. 2010, 17, 2370-2377. [CrossRef]

Piso, P; Slowik, P; Popp, E,; Dahlke, M.H.; Glockzin, G.; Schlitt, H.]. Safety of gastric resections during cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis. Ann. Surg. Oncol. 2009, 16, 2188-2194. [CrossRef]
Shen, P,; Levine, E.A ; Hall, J.; Case, D.; Russell, G.; Fleming, R.; McQuellon, R.; Geisinger, K.R.; Loggie, B.W. Factors predicting
survival after intraperitoneal hyperthermic chemotherapy with mitomycin C after cytoreductive surgery for patients with
peritoneal carcinomatosis. Arch. Surg. 2003, 138, 26-33. [CrossRef]

van der Kaaij, R.T.; Wassenaar, E.C.E.; Koemans, W.J.; Sikorska, K.; Grootscholten, C.; Los, M.; Huitema, A.; Schellens, ] H.M.;
Veenhof, A.; Hartemink, K.J.; et al. Treatment of PERItoneal disease in Stomach Cancer with cytOreductive surgery and
hyperthermic intraPEritoneal chemotherapy: PERISCOPE I initial results. Br. J. Surg. 2020, 107, 1520-1528. [CrossRef]

Yarema, R.; Mielko, J.; Fetsych, T.; Ohorchak, M.; Skorzewska, M.; Rawicz-Pruszynski, K.; Mashukov, A.; Maksimovsky, V.;
Jastrzebski, T.; Polkowski, W.; et al. Hyperthermic intraperitoneal chemotherapy (HIPEC) in combined treatment of locally
advanced and intraperitonealy disseminated gastric cancer: A retrospective cooperative Central-Eastern European study. Cancer
Med. 2019, 8, 2877-2885. [CrossRef] [PubMed]

Yonemura, Y.; Kawamura, T.; Bandou, E.; Takahashi, S.; Sawa, T.; Matsuki, N. Treatment of peritoneal dissemination from gastric
cancer by peritonectomy and chemohyperthermic peritoneal perfusion. Br. J. Surg. 2005, 92, 370-375. [CrossRef] [PubMed]
Newhook, T.E.; Agnes, A.; Blum, M.; Estrella, J.S.; Das, P; Ho, L.; Ajani, J.A.; Minsky, B.D.; Mansfield, P.; Badgwell, B.D.
Laparoscopic Hyperthermic Intraperitoneal Chemotherapy is Safe for Patients with Peritoneal Metastases from Gastric Cancer
and May Lead to Gastrectomy. Ann. Surg. Oncol. 2019, 26, 1394-1400. [CrossRef] [PubMed]

Yonemura, Y.; Ishibashi, H.; Hirano, M.; Mizumoto, A.; Takeshita, K.; Noguchi, K.; Takao, N.; Ichinose, M.; Liu, Y.; Li, Y.
Effects of Neoadjuvant Laparoscopic Hyperthermic Intraperitoneal Chemotherapy and Neoadjuvant Intraperitoneal /Systemic
Chemotherapy on Peritoneal Metastases from Gastric Cancer. Ann. Surg. Oncol. 2017, 24, 478-485. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1245/s10434-010-1039-7
https://doi.org/10.1245/s10434-009-0478-5
https://doi.org/10.1001/archsurg.138.1.26
https://doi.org/10.1002/bjs.11588
https://doi.org/10.1002/cam4.2204
https://www.ncbi.nlm.nih.gov/pubmed/31033239
https://doi.org/10.1002/bjs.4695
https://www.ncbi.nlm.nih.gov/pubmed/15739249
https://doi.org/10.1245/s10434-018-07140-7
https://www.ncbi.nlm.nih.gov/pubmed/30680477
https://doi.org/10.1245/s10434-016-5487-6

	Introduction 
	Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy (HIPEC) 
	Neoadjuvant Treatment: Intraperitoneal Systemic Chemotherapy (NIPS) 
	Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC) 
	Laparoscopic HIPEC with Palliative Intent 
	Discussion 
	Conclusions 
	References

