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Metachronous peritoneal metastases (MPM) are the 
most common and earliest form of gastric cancer (GC) 
progression despite performing radical surgery (1). 
They are observed to occur in nearly 50% of radically 
operated patients (2) and are associated with an extremely 

unfavorable prognosis. For example, according to the 
population-based study undertaken in the Netherlands 
in 2014 the median overall survival (OS) rate for patients 
with peritoneal metastases alone was 4.6 and 3.3 months 
for patients with peritoneal metastases aggravated by the 
presence of other distant metastases (3). The most adverse 
prognostic factors of disease progression are serosal 
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tumor invasion and regional lymph node metastases (4,5). 
Exfoliation of tumor cells from the serosal surface and their 
dissemination from transected lymphatic vessels during 
lymphadenectomy, especially in the presence of regional 
lymph node metastases (5,6), are the most frequent cause of 
tumor cell spread in the peritoneum. It is their appearance 
in the peritoneum that is perceived as the starting moment 
of MPM development. Regrettably, administration of 
adjuvant systemic chemotherapy (SCT) failed to produce 
any effect on MPM frequency (7,8). Apparently, due to the 
peritoneal-plasma barrier the desired treatment outcome 
can only be achieved by employing locoregional therapy to 
block the dissemination of free cancer cells and ensure their 
complete eradication in the abdominal and pelvic cavity. 

Methods of preventing metachronous peritoneal 
metastatic dissemination

According to the ClinicalTrials.gov website, there are three 
basic approaches that are currently employed to eliminate 
free cancer cells in the peritoneum after performing radical 
surgery, namely: (I) extensive intraperitoneal lavage (EIPL); 
(II) intraperitoneal chemotherapy (IPC), including HIPEC; 
and (III) normothermic postoperative IPC, including early 
postoperative intraperitoneal chemotherapy (EPIC) (1). 

EIPL has proved to be a promising treatment option. 
Kuramoto et al. (9) showed that extensive EIPL in 
combination with IPC achieved a 5-year survival of 43.8%. 
That was a lot higher than in the patients who underwent 
only IPC treatment (4.6%, P<0.0001) or in the patients 
who underwent only surgical treatment (0%, P<0.0001). 
However, according to the data of a randomized phase 
III trial conducted to evaluate the potential of EIPL in 
addition to standard treatment for ≥ T3 resectable GC 
(CCOG 1102) the administration of EIPL without IPC 
follow-up therapy showed no significant difference in the 
3-year disease-free survival (DFS) for pT4a-b patients 
(63.9% in the EIPL group and 59.7% in the non-EIPL 
group, P=0.25). Regarding OS, it was 75.0% and 73.7%, 
respectively, P=0.65 (10). For this reason, the scope of EIPL 
use in the prevention of peritoneal dissemination is fairly 
limited. 

The second approach, normothermic intraoperative 
IPC, unlike HIPEC, has a marginal adjuvant effect 
according to Yan et al. (11). In their opinion, hyperthermia 
offers a synergistic and/or complementary anti-tumor 
effect in comparison to IPC. In their meta-analysis of 
similar studies Huang et al. (12) also came to a conclusion 

regarding a higher efficacy of HIPEC over normothermic 
intraoperative IPC.

Of the three approaches HIPEC appears to be the 
most widely used method of preventing postoperative GC 
recurrence that is for the most part represented by MPM (13).  
Besides its obvious mechanical washing effect, HIPEC 
offers the advantage of a direct cytotoxic effect of heat in 
addition to a high local drug concentration (14). There is 
increased cytotoxicity and penetration of chemotherapy 
agents into the peritoneal cavity tissue (15-17), a higher 
anticancer drug concentration delivery into the abdominal 
lavage, and reduced systemic toxicity. At the molecular level, 
HIPEC owes its effect to induction of apoptosis, alterations 
in cell membrane properties, changes in intracellular 
proteins and their synthesis, and heat inhibition of DNA 
repair enhanced by inhibitors of the cellular heat-shock 
response (18,19). In summary, the data available to date on 
the application of the three approaches to the prevention of 
MPM development testify to a higher efficacy of HIPEC 
versus the other two approaches as evidenced by a number 
of meta-analyses (11,12,20-22). 

The first report on the application of HIPEC as a 
prophylactic treatment for peritoneal recurrence applied 
after GC surgery was presented by Koga et al. in 1988 (23).  
The authors reported on two studies. The first, a 
historical study, showed improvement in 3-year survival 
(74% vs. 53%, P<0.04) and reduction in the frequency 
of peritoneal recurrence (36% vs. 50%). Their second, a 
randomized study, demonstrated no more than a tendency 
towards improving 30-month survival (83% vs. 67%). 
Their follow-up analysis accounting for free cancer cells 
detected in peritoneal washings (treated group—15%, 
control group—23%) also showed only a tendency towards 
improved 5-year survival (64% vs. 52%) and a reduction in 
the peritoneal recurrence frequency (39% vs. 59%) after 
administering HIPEC (23). 

Published data on efficacy of HIPEC in randomized 
trials are summed up in Table 1. 

However, in the opinion of Seshadri and Glehen (28) the 
major drawback of studies as the ones mentioned in Table 1 
is that they mainly focused on pT4 and pN1-3 GC inclusion 
criteria and disregarded free cancer cells. Indeed, the 
factoring in of this criterion is essential for forming more 
homogeneous groups and attaining a more solid evaluation 
of the efficacy or inefficacy of various adjuvant HIPEC 
regimens. As an example, due to heterogeneity in their study 
groups Kim and Bae (29) reported no statistically significant 
survival results between the HIPEC and control groups, 
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32.7% and 21.7%, respectively. However, their results 
became statistically significant after excluding stage IV GC 
patients (58.6% and 44.4%). A number of studies, currently 
under way, such as GASTRICHIP (NCT01882933), plan 
to account for the CY+/P0 criterion in assessing their long-
term treatment outcomes. 

According to the ClinicalTrials.gov website, about 12 
studies are currently under way to evaluate the efficacy 
of adjuvant IPC with nearly 9 of them being focused on 
assessing the efficacy of adjuvant HIPEC (Table 2). Non-
HIPEC adjuvant trials are listed in Table 3.

As can be seen from these tables, there are a wide range 
of prophylactic HIPEC regimens including variations in 
the number of postoperative HIPEC cycles, their timing, 
combination and dosage of chemotherapy agents. Another 
important feature of currently conducted studies is the 
administration of adjuvant and/or perioperative SCT. It is 
notable that all earlier studies published to date, analyzed 
one-time application of HIPEC in its adjuvant regimen 
without any follow-up adjuvant SCT. This may explain 
why the earlier single-application HIPEC trials were less 
effective in improving GC treatment outcomes as is pointed 
up by some authors (23-25,29,30). 

The key elements of the strategy of adjuvant HIPEC-
based treatment of resectable GC aimed at preventing 
MPM include: 
 Surgery. Surgery is the main and essential element 

of resectable GC management comprising a radical 
operation in combination with D2 lymphadenectomy 
that underlies the success of overall treatment 
outcome (31,32). However, for all its importance, 
surgery is unable to prevent GC progression (1,2). 

 HIPEC. When added to D2 gastrectomy, HIPEC 
plays a crucial role in preventing GC progression. 

As Tables 1,2 above show, currently there is a great diversity 
of HIPEC regimens in terms of the choice of temperature, 
timing, mode of administration (open or closed techniques), 
number of treatment cycles, flow rate, drug selection and 
dosage. Interaction of these parameters, in the long run, 
determines HIPEC efficacy.

Prophylactic HIPEC temperature

The most frequently used temperature parameter is 40–43 ℃  
during 30 to 90 minutes. According to Ji et al. (1), no special 
studies were conducted to evaluate this parameter. Going 
beyond this temperature range is not recommended as 

raising the temperature to 44 ℃ or higher results in the 
apoptosis of normal cells (18).

Prophylactic HIPEC timing

The currently accumulated body of experience gained 
from performing IPC, including HIPEC, attests to a 
higher efficacy and practical benefits of intraoperative 
chemotherapy administration because of a more complete 
contact of chemotherapy agents with the peritoneal surface. 
This view is supported by comparative studies conducted 
by several researchers (15,33-35) and also by the results of 
a meta-analysis performed by Feingold et al. (22) showing a 
difference in the impact on 5-year survival odds in favor of 
immediate intraoperative IPC over delayed postoperative 
IPC treatment. 

Prophylactic HIPEC mode of administration

There is no unanimity among researchers about advantages or 
disadvantages of open or closed techniques of administration. 
Some of them find both techniques equally effective (15,36), 
while others favor open techniques as a better option in terms 
of intraperitoneal distribution, chemotherapeutic absorption 
and enhanced tissue uptake (37,38,39,40). 

Prophylactic HIPEC number of cycles

From the results of the studies on the efficacy of adjuvant 
HIPEC conducted to date, it can be safely concluded 
that at a minimum one HIPEC session administered 
intraoperatively during 30–90 minutes at 40–43 ℃ is an 
efficient tool against GC progression and, most importantly, 
against MPM. There are no data available to date to 
suggest otherwise. Although there are two studies on a 
repeated HIPEC administration with one of them still in 
progress [NCT02356276 (HIPEC-01)] and the other one 
(NCT02396498) started in April of 2014 and scheduled to 
be completed in December of 2016 (Table 2) none of their 
results have been published to date. 

Prophylactic HIPEC flow rate

As of today, there are no data with regard to evaluating the 
impact of the flow rate on the destruction of free cancer 
cells. However, based on their experimental study Furman  
et al. (41) reported that higher flows in the swine model 
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(more than 2.5–3.0 L/min) resulted in a more rapid 
heating of the peritoneum and greater peritoneal/
outflow temperature gradients. That finding led them to 
conclude that an increased flow during clinical HIPEC is 
instrumental in improving peritoneal heating with lower 
average visceral temperatures. They state that the flow rate 
is an important factor in achieving and maintaining goal 
temperatures during HIPEC.

Prophylactic HIPEC chemotherapy drug selection and 
dosage 

Regarding the choice of chemotherapy drugs, it is 
usually a matter of discussion and preferences of relevant 
cancer centers and their HIPEC research specialists. In 
general, HIPEC requires chemotherapy drugs of cell-
cycle nonspecific type to be used synergistically with 
hyperthermia, while IPC conducted in early or later 
postoperative periods requires cell-cycle specific drugs that 
ensure a longer contact with the peritoneal surface (42). 
Therefore, according to the published data, mitomycin 
C- and platinum-based combinations are as widely used as 
are platinum- and docetaxel-based combinations (1,43,44). 
The study published by Mi et al. catalogues 6 combinations 
of drugs that have been effective in the prophylactic 
administration of HIPEC, namely: 5-fluorouracil, mitomycin 
C, cisplatin, cisplatin and 5-fluorouracil, cisplatin and 

mitomycin C, mitomycin C and 5-fluorouracil (21).

Personal experience with a randomized trial of 
prophylactic HIPEC 

Given the fact that the bulk of HIPEC studies were 
conducted in Eastern Pacific countries, these authors 
decided to assess the efficacy of adjuvant HIPEC in a 
prospective randomized study in Belarus. The study 
included Borrmann type III–IV GC patients from across 
Belarus and was carried out in 2008–2016 at the N.N. 
Alexandrov National Cancer Center of Belarus (2). The 
patients were randomly included in the HIPEC and 
surgery/control groups. None of the patients in this study 
were administered adjuvant treatment other than HIPEC. 
HIPEC was administered for 1 h with an automatic HIPEC 
device. Perfusate used was Ringer’s solution (5–6 L)  
mixed with cisplatin 50 mg/m2 plus doxorubicin 50 mg/m2 

warmed to an inflow temperature of 42 ℃. The choice 
of the cisplatin/doxorubicin combination was prompted 
by the following considerations: (I) both agents possess 
a high penetrating ability that is further strengthened 
owing to hyperthermia (42,45); (II) cisplatin is one of 
the most effective cytostatic agents widely used in GC 
management (21,22,33,39,42,46); and (III) doxorubicin, 
acting in synergy with cisplatin, is effective in suppressing 
gastric adenocarcinoma growth by inducing subperitoneal 

Table 1 Results of administering prophylactic HIPEC based on randomized study data 

Authors Country HIPEC regimen 5-year survival

Hamazoe et al. (24) (1994) Japan HIPEC (n=42)—10 mg/L mitomycin C in 2 L of perfusate, 40–45 ℃, 50–60 min 62.4%

Control group (n=40) 52.5%

Ikeguchi et al. (25) (1995) Japan HIPEC (n=78)—80–100 mg/m2 mitomycin С in 8–10 L of perfusate, 40–42 ℃, 
50–60 min

66%

Control group (n=96) 44%

Fujimoto et al. (26) (1999) Japan HIPEC (n=71)—10 mg/L mitomycin С in 3–4 L of perfusate, 43–44 ℃, 120 min –

Control group (n=70) –

Yonemura et al. (27) (2001) Japan HIPEC (n=48)—30 mg mitomycin С + 300 mg CDDP in 6–8 L of perfusate, 
42–43 ℃, 60 min

61%

Intraoperative normothermic chemotherapy (n=44)—30 mg mitomycin С +  
300 mg CDDP 
in 6–8 L of perfusate, 37 ℃, 60 min  

43%

Control group (n=47) 42%

HIPEC, hyperthermic intraperitoneal chemotherapy; CDDP, cisplatin.
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Table 2 Ongoing clinical trials of HIPEC in the prophylaxis of GC peritoneal metastases 

ClinicalTrials.gov 
Identifier/acronym

Country
Estimated 
enrollment

Status/start-
completion date

HIPEC regimen
Preoperative 

chemotherapy
Adjuvant treatment

Prospective randomized controlled trial

NCT02528110/NA China 100 
participants

Not yet 
recruiting 

August 2015–
July 2020

Normal saline  
3,000–4,000 mL, paclitaxel 
75 mg/m2, 5-FU 15 mg/m2, 

43 ℃,  
60 min

No SOX: oxaliplatin 130 mg/m2 
day 1, tegafur 60 mg, days 

1–14, every 3 weeks for a total 
of 6 cycles 

OR

XELOX: oxaliplatin 130 mg/m2, 
day 1, capecitabine  

1,000 mg/m2 days 1–14, every 
3 weeks for a total of 6 cycles

NCT02356276/
HIPEC-01

China 584 
participants

Recruiting, 
May 11, 2015–
January 2022

1st HIPEC—within 48 h 
after surgery: normal saline 
3,000–4,000 mL, paclitaxel 

75 mg/m2, 43 ℃, 60 min

No SOX: oxaliplatin 130 mg/m2 day 
1, tegafur 60 mg, days 1–14, 

every 3 weeks for a total of 6–8 
cycles

2nd HIPEC—after 24 h of the 
first HIPEC: normal saline 

3,000–4,000 mL, paclitaxel 
100 mg/m2, 43 ℃, 60 min

OR

XELOX: oxaliplatin 130 mg/m2 
day 1, capecitabine  

1,000 mg/m2 days 1–14, every 
3 weeks for a total of 6–8 

cycles

NCT02381847/NA China 60 
participants

Recruiting, 
January 2015–

March 2020

Cisplatin: 75 mg/m2 (max 
150 mg/m2, max 5 L), 

temperature and duration 
not available

No XELOX: oxaliplatin 130 mg/m2 
day 1, capecitabine  

1,000 mg/m2 days 1–14, every 
3 weeks for a total of 6 cycles

OR

SOX: oxaliplatin 130 mg/m2 day 
1, S-1: according to the BSA 

<1.25 m2, 40 mg bid;  
1.25 m2 ≤ BSA ≤1.5 m2, 50 mg 
bid; BSA >1.5 m2, 60 mg bid; 
days 1–14 every 3 weeks for a 

total of 6 cycles

NCT03917173/GOETH Italy 240 
participants

Not yet 
recruiting, June 
1, 2019–June 1, 

2025

HIPEC CO2 with mitomycin 
and cisplatin, regimen not 

available

No No 

Table 2 (continued)
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sclerosis (42). 

Statistical analysis 

End points 
OS was measured from the date of the operation to the date 
of death from any cause. Cancer-specific survival (CSS) 
was measured from the date of the operation to the date 

of death from GC. Progression-free survival (PFS) was 
measured from the date of the operation to the date of GC 
progression. Metastases-free survival was calculated from 
the date of diagnosis to the first event (distant metastases 
or death from any cause). All cancer recurrences and 
deaths were accounted for as events. The two groups were 
compared using chi-square test for categorical data. Log-
rank test was used to compare respective survival curves. 

Table 2 (continued)

ClinicalTrials.gov 
Identifier/acronym

Country
Estimated 
enrollment

Status/start-
completion date

HIPEC regimen
Preoperative 

chemotherapy
Adjuvant treatment

NCT02396498/NA China 270 
participants

Unknown, 
April 2014–
December 

2016

HIPEC—day 1 and day 3: 
normal saline  

2,000–5,000 mL, cisplatin: 
60 mg/m2, 43 ℃, 60 min; 
every 3 weeks, 8 cycles; 

S-1: 40–60 mg/m2 bid, days 
1–14, every 3 weeks, 8 

cycles

No Cisplatin: 60 mg/m2, day 1 
intravenous infusion, every  

3 weeks; S-1: 40–60 mg/m2, 
days 1–14, every 3 weeks; 8 

cycles

NCT02240524/HIPEC China 582 
participants

Unknown, July 
2014–July 

2019

Intraoperative and 
postoperative (within  

48 h after surgery) HIPEC: 
normal saline  

3,000–4,000 mL, paclitaxel 
75 mg/m2, 43 ℃, 60 min

No XELOX: oxaliplatin 130 mg/m2 
day 1, capecitabine  

1,000 mg/m2 days 1–14, every  
3 weeks for a total of 8 cycles

NCT02960061/NA China 640 
participants

Not yet 
recruiting, 
November 

2016–
December 

2019

1st HIPEC—within 48 h 
after surgery: normal saline 
3,000–4,000 mL, paclitaxel 

75 mg/m2, 43 ℃, 60 min

4 cycles 
of mDOF: 
docetaxel  

50 mg/m2 day 
1 + oxaliplatin  
85 mg/m2 day 
2 + fluorouracil 
400 mg/m2 bolus 
iv followed by 

600 mg/m2  
22 h infusion 

day 2/3 + 
leucovorin  

200 mg/m2, day 
2/3; repeated 
every 14 days

XELOX: oxaliplatin 130 mg/m2 
day 1, capecitabine  

1,000 mg/m2 days 1–14, every  
3 weeks for a total of 6–8 cycles

2nd HIPEC—after 24 h of 
the 1st HIPEC: normal saline 
3,000–4,000 mL, paclitaxel 
100 mg/m2, 43 ℃, 60 min

OR

SOX: oxaliplatin 130 mg/m2 day 
1, S-1: according to the BSA 

<1.25 m2, 40 mg bid;  
1.25 m2 ≤ BSA ≤1.5 m2, 50 mg 
bid; BSA >1.5 m2, 60 mg bid; 
days 1–14 every 3 weeks for a 

total of 6–8 cycles

NCT01882933/
GASTRICHIP

France 322 
participants

Recruiting, 
June 2013–
May 2025

Oxaliplatin 250 mg/m² with 
2 L of G5%/m², 42–43 ℃, 

30 min

Intraoperatively 
15 min before 
HIPEC (5-FU 
400 mg/m2 

+ leucovorin 
10 mg/m2)

Data not available

HIPEC, hyperthermic intraperitoneal chemotherapy; GC, gastric cancer; BSA, body surface area; NA, not available; 5-FU, 5-fluorouracil; 
mDOF, docetaxel, oxaliplatin, fluorouracil.
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For PFS we fitted multivariate Cox regression to define 
hazard risk (HR) of the independent variables. Additionally, 
we calculated cumulative incidence (CI) of MPM, liver 
and other metastases and used Gray test to compare both 
of groups. Toxicities were assessed according to the CTCAE 
version 4.03. 

The two groups were well balanced (Table 4).
The analysis of disease progression and CI in the groups 

under study demonstrated a statistically significant decrease 
in the frequency and CI of MPM in the HIPEC group as 
compared with the control group (Table 5), and a concurrent 
increase in the frequency and CI of liver-located metastases 
(in the HIPEC group) and in a conformable frequency and 
CI of distant metastases of other locations in both of the 
groups (Tables 5,6). 

The application of HIPEC-based therapy allowed achieving 
statistically significant survival improvements (Table 7). 

Our multivariate analysis using the Cox model showed an 
increased risk of disease progression: (I) in cases of regional 
lymph node metastases; (II) in the control group (i.e., in the 
absence of adjuvant HIPEC) (Table 8).

As mentioned earlier, our HIPEC regimen employed 
cisplatin in conjunction with doxorubicin as one of the 

Table 3 Ongoing clinical trials of intraperitoneal chemotherapy in the prophylaxis of GC peritoneal metastases 

ClinicalTrials.gov 
Identifier

Country
Estimated 
enrollment

Status/start-
completion date

IP chemotherapy regimen
Adjuvant systemic 
chemotherapy

Prospective randomized controlled trial

NCT00992199 China 79 participants Unknown, August 
2009–December 
2011

Cisplatin 60 mg + 5-FU 1.0 g, 
once a week for 3 times

Data not available

NCT02205008 Korea 230 participants Unknown, October 
2012–November 
2018

EPIC operation day: 0.9% 
saline solution 1 L plus 
mitomycin C 10 mg/m2

S-1: <1.25 m2, 40 mg;  
1.25–1.5 m2, 50 mg; >1.5 m2, 
60 mg

1–4 postoperative day: 0.9% 
saline solution 1 L plus 5-FU 
700 mg/m2 plus sodium 
bicarbonate 50 mEq

NCT02269904 China 120 participants Unknown, April 
2014–June 2018

Fluorouracil implants 800 mg, 
implanted in the abdominal 
cavity during operation

XELOX: oxaliplatin 130 mg/m2 
day 1, capecitabine  
1,000 mg/m2 days 1–14, every 
3 weeks for a total of 6 cycles

EPIC, early postoperative intraperitoneal chemotherapy; 5-FU, 5-fluorouracil; GC, gastric cancer; IP, intraperitoneal.

Table 4 Patient characteristics

Variable
Control group (n=55), 

n (%)
HIPEC group 
(n=68), n (%)

P value

Age (years), 
mean ± SD

56±10 56±8 0.932

Gender 0.408

Male 18 (32.7) 26 (38.2)

Female 37 (67.3) 42 (61.8)

pT 0.628

pT4a 48 (87.3) 55 (80.9)

pT4b 7 (12.7) 13 (19.1)

pN 0.455

pN0 14 (25.5) 23 (33.8)

pN1 6 (10.9) 8 (11.8)

pN2 14 (25.5) 15 (22.1)

pN3 21 (38.2) 22 (32.4)

G 0.192

GI 4 (7.3) 6 (8.8)

GII 9 (16.4) 17 (25)

GIII 29 (52.7) 39 (57.4)

GIV 13 (23.6) 6 (8.8)

HIPEC, hyperthermic intraperitoneal chemotherapy.
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most widely used combinations in previously run trials. 
Given the high frequency of complications associated with 
cisplatin, its dosage was reduced to 50 mg/m2, well below 
its dosage in earlier reported trials. For example, Farma 
et al. (40) observed hematological toxicity in 27.8% of 
patients and impairment of the renal function in 16.7% of 
patients after using cisplatin in doses of 150–300 mg/m2.  
Kusamura et al. (47) showed that the application of 
cisplatin at 240 mg/m2 resulted in a high risk of grade III–

IV complications (according to the WHO criteria). As 
regards doxorubicin, our choice of this drug to supplement 
cisplatin was prompted by its previously reported high 
cytostatic efficacy in GC treatment and its relatively low-
level toxicity (21,22,33,42,46). For example, in a study on 
doxorubicin dose escalation undertaken by Sugarbaker 
(42,48) it was reported that a low total dose of 15 mg/m2 
of intraperitoneal doxorubicin resulted in forming a thin 
layering of fibrous tissue on peritoneal surfaces that was 

Table 5 Patients with disease progression after surgery alone and HIPEC plus surgery  

Characteristics of disease progression Group N (%) P value 

Progression (with peritoneal dissemination) Control 45 (81.8) 0.003

HIPEC 37 (54.4)

Metachronous peritoneal metastases* Control 40 (72.7) <0.001

HIPEC 16 (23.5)

Distant metastases

Liver metastases** Control 3 (5.5) 0.018

HIPEC 14 (20.6)

Other metastases*** Control 2 (3.6) 0.186

HIPEC 7 (10.3)

*, counting in patients with MPM and even with other distant metastases; **, counting in patients with metastases in the liver and other 
organs except for the peritoneum; ***, counting in patients with metastases in organs other than the peritoneum and the liver. HIPEC, 
hyperthermic intraperitoneal chemotherapy; MPM, metachronous peritoneal metastases.

Table 6 Cumulative incidence (CI) of GC progression events 

Cumulative incidence Control group, CI ± SE HIPEC group, CI ± SE Р value (Gray’s test)

Metachronous peritoneal metastases 72.8±6.4 24.0±5.5 <0.001

Liver metastases 3.6±2.6 19.3±5.1 0.015

Other metastases 4.0±2.9 9.6±3.8 0.137

GC, gastric cancer; SE, standard error.

Table 7 Four-year survival probability (% ±SE) in HIPEC and control groups  

Survival Control group HIPEC group Plog-rank

Overall survival 34.6±6.6 47.1±6.1 0.2

Cancer-specific survival 36.7±6.9 51.8±6.3 0.09

Progression-free survival 19.6±5.6 47.1±6.3 <0.001

Dissemination-free survival 22.7±6.0 51.9±6.3 <0.001

Metastases-free survival 31.1±6.5 42.6±6.0 0.2

HIPEC, hyperthermic intraperitoneal chemotherapy; SE, standard error.
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Table 8 Factors associated with GC progression (Cox model)

Variables β HR (95% confidence intervals HR) P value

pN1-2 vs. рN0 0.86 2.4 (1.2–4.5) 0.009

pN3 vs. pN0 1.60 4.9 (2.6–9.4) <0.001

Surgery vs. surgery + HIPEC 0.71 2.0 (1.3–3.2) 0.002

GC, gastric cancer; HR, hazard ratio; HIPEC, hyperthermic intraperitoneal chemotherapy.

not observed to interfere with subsequent gastrointestinal 
function. Based on this and other referenced reports about 
doxorubicin low-level toxicity, the dosage of doxorubicin 
in our study was raised to 50 mg/m2 in a 5 L perfusate to 
add to the cancer-killing effect of cisplatin whose dosage 
was lowered in view of its comparatively high toxicity. 
Such a dosage combination of the two drugs (cisplatin 
50 mg/m2 plus doxorubicin 50 mg/m2) proved to be 
effective in terms of attaining a good prophylactic effect 
and an adequate tolerability of the proposed HIPEC 
regimen. In essence, there weren’t any cases of clinical 
manifestations of peritoneal adhesions during the follow-up 
patient monitoring or any pronounced adhesion processes 
or intestinal fibrosis when performing second-look 
laparoscopy. All registered complications in the patients of 
both groups are presented in Table 9.

Combining HIPEC with adjuvant SCT 

The reviewed literary sources and our own findings confirm 
the necessity and practicability of adjuvant HIPEC modality 
to prevent GC progression after performing radical surgery 
and also underscore the need for a follow-up adjuvant 
SCT to prevent GC systemic progression including liver 
metastasizing, the second most frequent GC relapse 
after MPM. In effect, in our report we called attention 
to the post-HIPEC greater risk of developing distant 
lymphohematogenous metastases after HIPEC [relative risk 
(RR) 7.5 (2.2–25), P=0.001] (2). 

As was noted earlier in this review, unlike trials in the 
past, most of current studies on prophylactic HIPEC 
efficacy include follow-up adjuvant and/or perioperative 
SCT (Tables 2,3). Employment of the modes of intravenous 
and intraperitoneal delivery of chemotherapy drugs allows 
avoiding chemical incompatibility with drugs administered 
intraperitoneally, and produces a double impact on 
peritoneal metastases from both subperitoneal vessels 
and the abdominal cavity. According to published data on 
HIPEC plus SCT modality, there are three SCT delivery 

methods: (I) postoperatively (49,50), (II) intraoperatively 
as in the GASTRICHIP multicenter study (51), and (III) 
perioperatively (52). 

There are too few studies on the HIPEC plus SCT 
multimodal approach (49-53) and none on benefits to be 
gained from repeated HIPEC administration. This fact 
brings into focus the pressing need of stepping up efforts in 
these fields of research. In the meantime, our  small-scale 
study of 19 patients who underwent a combined surgery 
plus HIPEC plus SCT treatment showed a dramatic 
improvement in the metastases-free 3-year survival rate 
to up to 91.0%±9.0% (Plog-rank =0.025) compared with 
48.6%±6.4% for patients who underwent only a combined 
surgery plus HIPEC (54).

Viewed overall, these data are indicative of ongoing 
intense efforts of searching for optimal strategies of 
employing adjuvant HIPEC in GC management covering 
all its aspects from administration techniques, chemotherapy 
agents and the practicability of supplementing it with 
adjuvant chemotherapy. At this point in time no definitive 
conclusion about the most effective HIPEC strategy can 
be drawn until further prospective randomized studies are 
performed. 

Conclusions regarding current recommendations 
for treatment

In summary, the analyzed published research data and 
the results of our own study give grounds to state that 
the administration of prophylactic HIPEC to radically 
operated patients with advanced GC is a totally justifiable 
and a practical treatment modality from the point of view 
of cancer therapy outcomes. No less important is the fact 
that the administration of this multimodal treatment is 
comparable with surgery alone in terms of morbidity and 
mortality. For all that, there are still a host of questions that 
wait to be answered: 

(I) Most of the studies published to date originate 
from Eastern Pacific countries except for some 
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studies elsewhere based on small cohorts of patients 
(2,55,56). It raises a question about the applicability 
of the obtained results to the European and 
American populations. Hence, there is a need for 
expanding geographical frontiers of HIPEC studies. 
Promising in this respect is the GASTRICHIP 
project that could hopefully answer this question 
with regard to the European population upon its 
completion. 

(II) The number of randomized studies on adjuvant 
HIPEC are still insufficient for a subgroup 
assessment of efficacy of given chemotherapy 
regimens and generation of evidence-based 
recommendations on the individual use of 
chemotherapy agents and their combinations, and 
HIPEC procedural techniques. 

(III) Further prospective randomized studies are 
warranted to assess the need for, and practicability 

Table 9 Postoperative morbidity in HIPEC and control groups

Type of complications Grade CTCAE v. 4.03 N (%)

HIPEC group 

Non-surgical complications

Enterocolitis I 1 (5.0)

Fever of unclear genesis I 2 (10.0)

Pneumonia II 5 (25.0)

Pleural effusion II 1 (5.0)

Thrombophlebitis of subcutaneous veins II 1 (5.0)

Acute kidney failure II 1 (5.0)

Surgical complications

Postoperative pancreatitis II 4 (20.0)

Pancreatic fistula II 1 (5.0)

Volvulus of ileal loops, serosal peritonitis IV 1 (5.0)

Mesothrombosis V 1 (5.0)

Esophagojejunal anastomotic leak V 2 (10.0)

Total 20 

Control group 

Non-surgical complications

Pneumonia II 4 (33.3)

Myocardial infarction II 1 (8.3)

Acute ischemic stroke V 1 (8.3)

Acute gastroenteritis of allergic origin II 1 (8.3)

Surgical complications

Wound infection II 2 (16.7)

Postoperative pancreatitis II 2 (16.7)

Left liver lobe necrosis, paralytic intestinal obstruction IV 1 (8.3)

Total 12 

HIPEC, hyperthermic intraperitoneal chemotherapy.
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of, complementing HIPEC with adjuvant SCTs and 
to develop definitive recommendations on the use 
of effective regimens for adjuvant chemotherapy. 
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