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ABSTRACT 

Peritoneal metastasis is associated with poor prognosis, with studies in the literature reporting the survival of 

peritoneal metastasis without treatment to be three to six months. Hyperthermic intraperitoneal chemotherapy 

(HIPEC) has shown positive outcomes by improving the prognosis in patients with gastrointestinal malignancies. 

This systematic review of randomized controlled trials was done to determine the prophylactic role of hyperther-

mic intraperitoneal chemotherapy in preventing and controlling peritoneal metastasis gastrointestinal origin. Ran-

domized controlled trials published between January 2019 to June 2021 were included. The databases used were 

MEDLINE (PubMed), EMBASE (Ovid), and the Cochrane library. Cochrane handbook for systematic review of 

intervention was used to assess the risk of bias in included trials. The results were reported using the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. A total of five trials met the 

inclusion criteria. Two studies were on patients with gastric cancer, and the other three studies were on patients 

with colorectal cancer. HIPEC was given to a total of 116 gastric cancer patients and 308 colorectal cancer patients. 

In all the included studies on patients with gastric cancer, the peritoneal recurrence-free survival was significantly 

higher in the group that received HIPEC. There was no significant improvement in peritoneal-free survival in 

patients with colorectal cancer who received HIPEC. HIPEC appears to be effective in preventing peritoneal me-

tastasis in patients with locally advanced gastric cancer without minimal postoperative complications. However, 

in patients with advanced colorectal malignancy, HIPEC does not seem to play a crucial role in preventing and 

controlling peritoneal metastasis. 

 

Keywords: Hyperthermic intraperitoneal chemotherapy, peritoneal neoplasms, gastrointestinal neoplasm, gastric 

neoplasm, colorectal neoplasm, mortality 

 

 

 

INTRODUCTION 

Peritoneal metastatic disease is a condi-

tion of the peritoneum characterized by mul-

tiple foci of metastatic tumors, usually of gas-

trointestinal or gynecological origin. It can 

occur through various mechanisms. These in-

clude implantation of the cancer cells onto the 

peritoneum with the help of adhesion mole-

cules, direct extension of the tumor cells into 

the peritoneum through the serosa, through 

lymphatic or hematogenous spread (Sugar-

baker, 1998; Glehen et al., 2004; Iitsuka et al. 

1979). Peritoneal metastasis is associated 

with poor prognosis, with studies in the liter-

ature reporting the survival of peritoneal me-

tastasis without treatment to be three to six 

months (Glehen et al., 2004 ). Of the tumors 

metastasizing to the peritoneum, abdominal 

organ malignancies represent the most fre-

quently involved primary organ sites. These 

malignancies include gastric cancer, appendi-

ceal tumors, and colorectal cancer. Among 

the gynecological malignancies, ovarian can-

cers are the most commonly associated with 

peritoneal metastasis. The two most common 

gastrointestinal cancers that often metastasize 

to the peritoneum are gastric cancer and colo-

rectal cancer. Gastric cancer is the fifth most 

common cancer worldwide, and it is the third 

most common cause of cancer-related deaths 

worldwide. It is very prevalent in Asian coun-

tries, especially in China and eastern Asian 

countries (Ferlay et al., 2015). It has an almost 

15 % peritoneal recurrence rate even after 

surgery in advanced stages characterized by 

serosal invasion (Brigand et al., 2004).  Pec-

queux et al. (2015), in their meta-analysis, had 

reported that the presence of free intraperito-

neal tumor cells in patients with gastric cancer 

is associated with high recurrence rates and 

poor survival outcomes. Another most im-

portant malignancy of the gastrointestinal 

tract is colorectal cancer. According to the 

data, it is the second most common cancer in 

women and the third most common cancer in 

men (Pecqueux et al., 2015). Almost 55 % of 

the cases occur in more developed regions.  

The peritoneum is a common site of me-

tastasis. The factors that increase the risk of 

peritoneal metastasis include advanced tumor 

with perforation (T4 stage), right-sided tu-

mors, radical dissection of the tumor (Segel-

man et al., 2012; Klaver et al., 2018). The in-

cidence of peritoneal metastasis reported in 

the literature is around 8 % (Segelman et al., 

2012). Considering the fact that imaging is 

not very sensitive in helping in diagnosing 
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peritoneal metastasis, questions arise on find-

ing the exact incidence of peritoneal metasta-

sis in colorectal cancer. With difficulty in im-

aging, peritoneal metastasis is often detected 

very late in the course of the disease, and it is 

associated with a poor prognosis (Franko et 

al., 2016). Decades back, there were only a 

few options available for the treatment of per-

itoneal metastasis or neoplasms. This in-

cludes systemic chemotherapy and palliation. 

Now, the treatment of peritoneal metastasis 

has undergone a drastic change with many ad-

vancements. Unresectable peritoneal metasta-

sis is resistant to systemic chemotherapy, and 

thus without surgery, the survival benefit of 

systemic chemotherapy is not much (Franko 

et al., 2012). However, when resection of the 

peritoneal metastasis and primary tumor is 

possible, the patients can be offered surgical 

resection of the metastasis along with hyper-

thermic intraperitoneal chemotherapy 

(HIPEC). The first published study on human 

subjects to talk about hyperthermic intraperi-

toneal chemotherapy was by Spratt et al. 

(1980), published in the year 1980. The pro-

cedure with cytoreduction was done on a 35-

year-old male for pseudomyxoma peritoni. 

After this, Dr. Paul Sugarbaker headed a fur-

ther investigation into HIPEC for gastrointes-

tinal malignancies with peritoneal metastasis 

with reports of survival benefits, and in 1995, 

he described the technique of peritonectomy 

(Neuwirth et al., 2016). Subsequently, the sur-

gery per se has undergone many progressive 

moldings and refinements to the current state. 

HIPEC involves a multidisciplinary ap-

proach.  

The procedure, in brief, is presented in 

Figure 1. HIPEC involves the administration 

of heated chemotherapeutic agents into the 

peritoneal cavity. Heating the chemothera-

peutic agent intensifies the penetration of 

agents into the cancer cells. It also boosts the 

uptake of the agents by the cancer cells, thus 

resulting in specific destruction of the cancer 

cells with minimal systemic adverse effects. 

Heat also induces apoptosis and causes dena-

turation of intracellular proteins (van Driel et 

al., 2018). As metastatic involvement of the 

peritoneum is associated with poor prognosis, 

preventing the seeding and invasion of the 

peritoneum by the tumor may help in the im-

provement of the overall survival. 

 

Figure 1: HIPEC procedure in brief
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Kyang et al. (2019) had studied patients 

who underwent CRS (Cytoreductive Sur-

gery), with or without HIPEC in Australia. 

All the maintained data of patients were ana-

lyzed retrospectively. After analysis, this 

study concluded that CRS with HIPEC could 

provide long‐term survival benefits to pa-

tients with peritoneal neoplasms of gastroin-

testinal and ovarian origin. Like Kyang et 

al.’s (2019) study, various other prospective, 

retrospective, and non-randomized studies 

had reported optimistic results in favor of 

HIPEC to treat peritoneal metastasis of gas-

trointestinal tumor origin. However, only lim-

ited studies are found in the medical literature 

that was done to assess the prophylactic role 

of HIPEC in the prevention and control of 

peritoneal metastasis of gastrointestinal 

origin. Xie et al. (2020) had done a non-RCT 

in China to study the role of prophylactic 

HIPEC after radical gastrectomy in patients 

with locally advanced gastric cancer. With re-

sults showing peritoneal recurrence rates of 

4 % in the HIPEC group, the authors con-

cluded that prophylactic HIPEC is beneficial 

in reducing the peritoneal recurrence rate and 

improving overall survival in patients with lo-

cally advanced gastric cancer. 

Though there are various studies pub-

lished in the literature, including reviews 

about the efficacy, safety, and outcomes of 

HIPEC, there are no systematic reviews of the 

randomized controlled trials published in the 

literature that evaluated the effectiveness of 

HIPEC in the prevention and control of peri-

toneal metastasis of gastrointestinal origin to 

the best of our knowledge. Therefore, this 

systematic review of randomized controlled 

trials was done to determine whether prophy-

lactic HIPEC can prevent or reduce peritoneal 

metastasis in patients with gastrointestinal 

cancers. 

 

METHODS 

This systematic review was designed, and 

its results were reported using the Preferred 

Reporting Items for Systematic Reviews and 

Meta-Analysis (PRISMA) guidelines (Page et 

al., 2021). 

Inclusion and exclusion criteria  

This study included only the randomized 

controlled trials comparing the outcomes of 

HIPEC and other methods for peritoneal me-

tastasis and primary peritoneal tumors. All the 

different types of studies were excluded. This 

study did not have any constraint on the age 

of patients. This systematic review restricted 

the studies published between January 2018 

to June 2021. Among the studies chosen, it 

was ensured that all the studies were done on 

human subjects and published in English lan-

guage. Studies without full-text availability 

online were excluded. We also excluded the 

studies with less than four out of seven scores 

in Cochrane bias assessment for randomized 

clinical trials. Studies comparing the out-

comes of HIPEC for patients with peritoneal 

sarcomas were excluded.  

 

Information sources and search strategy  

The databases used were MEDLINE 

(PubMed), EMBASE (Ovid), and the 

Cochrane library. These databases were ex-

haustively searched for published studies 

from January 1, 2019, through June 1, 2021. 

Suitable keywords and medical subject head-

ing (MeSH) terms were used in PubMed to 

fetch all pertinent articles that studied the out-

comes of hyperthermic intraperitoneal chem-

otherapy (HIPEC) in patients with peritoneal 

metastasis and primary peritoneal tumors. 

The keywords used include "HIPEC", "hyper-

thermic intraperitoneal chemotherapy", "hot 

chemotherapy", "peritoneal malignancies", 

"peritoneal cancers", "peritoneal neoplasm", 

"peritoneal metastasis", and "outcomes". The 

Boolean search method was used in PubMed 

to combine the keywords and MeSH words. 

The full search strategy followed in PubMed 

is as follows: HIPEC OR Hyperthermic Intra-

peritoneal Chemotherapy OR Hot Chemo-

therapy OR (""Hyperthermic Intraperitoneal 

Chemotherapy"" [Mesh]) AND (""Hyper-

thermic Intraperitoneal Chemotherapy/ad-

verse effects"" [Mesh] OR ""Hyperthermic 

Intraperitoneal Chemotherapy/methods"" 

[Mesh] OR ""Hyperthermic Intraperitoneal 
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Chemotherapy/mortality"" [Mesh] OR ""Hy-

perthermic Intraperitoneal Chemotherapy/or-

ganization and administration"" [Mesh] OR 

""Hyperthermic Intraperitoneal Chemother-

apy/standards"" [Mesh] OR ""Hyperthermic 

Intraperitoneal Chemotherapy/therapeutic 

use"" [Mesh] ) AND Peritoneal Malignancies 

OR Peritoneal Cancers OR Peritoneal Neo-

plasm OR Peritoneal Metastasis OR (""Peri-

toneal Neoplasms/diagnosis"" [Mesh] OR 

""Peritoneal Neoplasms/drug therapy"" 

[Mesh] OR ""Peritoneal Neoplasms/mortal-

ity"" [Mesh] OR ""Peritoneal Neoplasms/sur-

gery"" [Mesh] OR ""Peritoneal Neo-

plasms/therapy"" [Mesh] ) AND outcomes. 

We applied filters for study type in PubMed, 

including articles categorized as a clinical 

trial, clinical trial phase I-IV, controlled trial, 

and randomized controlled trial. We also ap-

plied other filters such as studies involving 

humans only, studies in English language, and 

studies on cancer patients. In the Cochrane li-

brary, in addition to the year of the study men-

tioned above, we applied the filters including 

study type as trials and source as EMBASE. 

The searches were run twice by two authors 

(JLD and AK) before we retrieved the final 

set of articles, and we included any additional 

studies that were identified. All retrieved arti-

cles were scrutinized for relevance to our 

study and to exclude potentially irrelevant ar-

ticles.  

 

Study selection and data collection process 

Study selection was carried out inde-

pendently by two reviewers (JLD and AK). It 

was done in two phases. In phase A, after ap-

plying all the filters based on the inclusion 

and exclusion criteria, JLD and AK individu-

ally and independently screened the titles and 

abstracts of search results in all databases. 

Full-text articles were obtained for studies 

recognized as pertinent to this systematic re-

view. In phase B, AK reviewed all full-text 

articles for eligibility and relevance. The arti-

cles that did not have information relevant to 

the objective of this study were excluded by 

AK. To avoid excluding pertinent articles, the 

articles excluded by AK were scrutinized 

again by JLD based on inclusion and exclu-

sion criteria. JLD and AK thoroughly exam-

ined the full text of the studies that met the 

inclusion criteria independently to extract the 

data. Other authors independently checked 

and assessed the chosen articles for relevance.  

From the included study, the following data 

were extracted: number of patients in the 

HIPEC group and non-HIPEC group, number 

of patients with metastatic peritoneal disease 

in each group, survival rate, peritoneal recur-

rence-free survival (PRFS) rate, postoperative 

complications in each group. These data were 

entered in the Microsoft Excel sheet for anal-

ysis. 

 

Assessment of study risk of bias 

Cochrane handbook for the systematic re-

view of interventions was used to quality 

check the randomized controlled trials. Each 

domain was scored as low risk, high risk, or 

unclear accordingly for the chosen studies. 

JLD, AK, PT, and GK assessed all the se-

lected randomized controlled trials.  

 

RESULTS 

Study selection outcome  

The initial database searches identified a 

total of 1,203 articles. Of these, 195 articles 

were found to be duplicates which were re-

moved. We conducted the preliminary screen-

ing of these articles by reading the titles and 

abstracts and excluded 952 articles that were 

not relevant and did not meet the inclusion 

criteria. The full texts of the remaining 56 ar-

ticles were reviewed for relevance and bias. 

After extensive evaluation of these 56 arti-

cles, 51 studies were excluded, thereby reach-

ing a total number of five trials that were in-

cluded for this systematic review. The 

PRISMA flow diagram is illustrated in Figure 

2. 
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Study characteristics 

Out of the five included studies, two stud-

ies were on patients with gastric cancer, and 

the other three studies were on patients with 

colorectal cancer. Three out of the five studies 

used adjuvant chemotherapy along with 

HIPEC. HIPEC was given to a total of 424 

patients (116 gastric cancer patients and 308 

colorectal cancer patients). The characteris-

tics of the included studies are summarized in 

Table 1. Of the included studies, Goéré et al.'s 

(2020) PROPHYLOCHIP-PRODIGE 15 trial 

did not have the primary intention of as-

sessing the role of HIPEC in the prevention of 

Figure 2: PRISMA Flow diagram 
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Table 1: Characteristics of the included randomized controlled trials (RCTs) 

Study Type 
of 
can-
cer 

Re-
gion 

Sam-
ple 
size 

No. of 
pa-
tients 
in the 
HIPEC 
group 

Adju-
vant 
chemo-
therapy 
used 
with 
HIPEC 

Control 
group 

No. of 
pa-
tients 
in the 
control 
group 

Objective Inclusion criteria Exclusion criteria 

Reuto-
vich et 
al. 
(2019) 

Gas-
tric 
carci-
noma 

Bela-
rus 

154 76 Not 
used 

Surgery 
only 

78 To evaluate the 
effect of HIPEC 
in the reduction 
of risk of meta-
chronous perito-
neal metastases 
risks in patients 
with resectable 
serosa-invasive 
gastric cancer 

Patients with serosal invasion 
(pT4) confirmed intraoperatively 
by a frozen section. 

 Metastatic dis-
ease   

 New York Heart 
Association 
class III-IV 

 History of active 
infectious dis-
ease  

 Myocardial in-
farction in the 
previous six 
months  

 History of signif-
icant ventricular 
arrhythmia 

Bee-
harry 
et al. 
(2019) 

Gas-
tric 
carci-
noma 

China 80 40 Not 
used 

Surgery 
only 

40 To assess the 
role of prophy-
lactic HIPEC in 
patients who un-
derwent D2 radi-
cal gastrectomy 
for locally ad-
vanced gastric 
cancer 

 Age of 18-76 years  

 Primary gastric cancer 

 Preoperative staging show-
ing infiltration into the sub-se-
rosal layers and above (T 
staging ≥ T3) 

 Karnofsky performance sta-
tus (KPS) > 50  

 White blood cells (WBC) 
count ≥ 3500/mm3,  

 Platelet count ≥ 80,000/mm3  

 Hemoglobin count (Hb) ≥ 90 
g/L  

 Normal liver function test  

Patients with posi-
tive cytology during 
the laparoscopic ex-
amination 
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 Normal renal function test   

 Normal cardiac and pulmo-
nary functions without obvi-
ous surgery contra-indica-
tions 

Klaver 
et al. 
(2019) 

Colo-
rectal 
can-
cer 

Neth-
erland 

202 100 Used  Adju-
vant 
sys-
temic 
chemo-
therapy 
only 

102 To study the ef-
fectiveness of 
adjuvant HIPEC 
in reducing the 
risk of peritoneal 
metastasis in 
patients with lo-
cally advanced 
colon cancer 

 Resectable primary clinical or 
pathological T4N0–2M0 
stage or perforated colon 
cancer  

 Age between 18 and 75 
years 

 Adequate clinical condition 
for HIPEC- according to the 
physician evaluation  

 Patients with 
neuroendocrine 
tumors 

 Patients with 
microsatellite in-
stability stage II 
tumors 

Goéré 
et al. 
(2020) 

Colo-
rectal 
can-
cer 

France 150 75 Used Surgery 
fol-
lowed 
by sur-
veil-
lance 

75 To compare and 
contrast the sur-
vival benefit of 
systematic sec-
ond-look sur-
gery plus 
HIPEC, with sur-
veillance alone 
in patients at 
high risk of de-
veloping colo-
rectal peritoneal 
metastases 

 Patient at high risk of devel-
oping colorectal peritoneal 
metastases (histologically 
proven primary colorectal 
cancer and one of the follow-
ing: synchronous and local-
ized colorectal peritoneal me-
tastases removed during tu-
mour resection, resected 
ovarian metastases, or a per-
forated tumor). Patients 
should have received stand-
ard adjuvant chemotherapy  

 Age of 18–70 years  

 WHO performance status 
score of 0–1  

 Adequate hematological 
function  

 Normal liver function  

 Normal renal function  

 Patients with 
cancer other 
than colorectal 
origin  

 Patients with 
detectable re-
currence 

 Grade 3 or 
higher periph-
eral neuropathy 

 History of can-
cer recurrence 
in the 5 years 
before entry into 
the trial with the 
exceptions to 
basal cell carci-
noma of the 
skin and carci-
noma in-situ of 
the cervix hav-
ing 
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HIPEC – Hyperthermic intraperitoneal chemotherapy 

 Metastases 
(other than 
ovarian) 

Que-
net et 
al. 
(2021) 

Colo-
rectal 
can-
cer 

France 265 133 Used Cytore-
ductive 
surgery 
alone 

132 To study the 
benefit of 
HIPEC in im-
proving the sur-
vival in patients 
with colorectal 
peritoneal me-
tastases 

 Age of 18–70 years 

 Histologically confirmed colo-
rectal cancer, peritoneal me-
tastases 

 Peritoneal Cancer Index 
(PCI) of 25 or less  

 WHO performance status of 
0 or 1 

 Adequate hematological 
function  

 Normal liver function 

 Extraperitoneal 
metastases 

 Noncolorectal 
cancer 

 Previous HIPEC 
treatment 

 Grade 3 or 
worse periph-
eral neuropathy 
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peritoneal recurrence in patients with colorec-

tal cancer. However, on surgical exploration, 

a total of 34 patients without macroscopic 

peritoneal metastasis were found. Therefore, 

for these patients, the HIPEC would have 

played a role in preventing peritoneal metas-

tasis, and for the remaining patients, it would 

have played a role in limiting the recurrence 

rates. Along with the patients who had mac-

roscopic peritoneal metastasis in PROPHY-

LOCHIP-PRODIGE 15 trial, Quenet et al.'s 

(2021) PRODIGE 7 trial was done on a total 

of 133 patients with peritoneal metastasis of 

colorectal origin received HIPEC for limiting 

the peritoneal recurrence. Of the included 

studies that studied the role of HIPEC in gas-

tric cancer, the patients had locally advanced 

disease with tumor staging of T3 or T4. In two 

of the three studies on patients with colorectal 

cancer, the most common primary site of the 

tumor was the left colon, followed by the right 

colon. 

 

Peritoneal recurrence-free survival (PRFS) 

rates 

In both the included studies on patients 

with gastric cancer, the PRFS was signifi-

cantly higher in the group that received 

HIPEC as a prophylactic therapy to prevent 

recurrence. Both the studies reported 3-year 

PRFS. In Beeharry et al. (2019) RCT, the 

three-year PRFS was 97 %. Out of the pa-

tients who underwent HIPEC, 38 patients had 

gastric cancer of stage pT4a. In Reutovich et 

al.'s (2019) study, the three-year PRFS in the 

group that received HIPEC was 47 %, signif-

icantly higher than the control group. In this 

study, 63 patients had tumor stage pT4a, and 

13 had tumor stage pT4b in the group that re-

ceived HIPEC. In the same study, 71 patients 

had a tumor stage of pT4a, and seven patients 

had a tumor stage of pT4b in the control 

group.  

Of the studies on patients with colorectal 

cancer, the COLOPEC trial by Klaver et al. 

(2019) studied a total of 100 patients with col-

orectal cancer who underwent HIPEC. Of 

these patients, 71 patients had stage pT4a, 16 

patients had pT4b, and 10 had T2/T3 (perfo-

ration), and the remaining had T2/T3 (cT4). 

The 18-months PRFS was 80.9 %. However, 

the analysis showed it was not statistically 

significant. In the PROPHYLOCHIP–

PRODIGE 15 trial, a total of 34 patients in the 

HIPEC group did not have peritoneal metas-

tasis evidenced by surgical exploration at the 

time of initial presentation. For these patients, 

the HIPEC acted as a prophylactic therapy to 

prevent peritoneal recurrence. The other pa-

tients in the HIPEC group had evidence of 

peritoneal metastasis at the time of initial 

presentation (n = 37). Therefore, HIPEC acted 

as the therapy to reduce the recurrence in 

these patients. The three-year peritoneal re-

currence-free survival was 59 % in the 

HIPEC group, and it was not statistically sig-

nificant (Goéré et al., 2020). In PRODIGE 7 

trial, a total of 133 patients with metastatic 

colorectal cancer were given HIPEC to limit 

the recurrence. The three-year PRFS was 

29.6 % in the HIPEC group, and it was not 

statistically significant (Quénet et al., 2021). 

 

Postoperative complications and morbidity 

Of the included studies on patients with 

gastric cancer, the data presented on postop-

erative complications varied among the stud-

ies. In the Reutovich et al. (2019) study, the 

incidence of overall postoperative complica-

tions was 17.1 %. Two patients (2.6 %) had a 

severe esophageal anastomotic leak in the 

HIPEC group. Surgery-related complications 

such as abscess, pancreatitis, pancreatic fis-

tula, abscesses were observed in 9 (12 %) pa-

tients in the HIPEC group. Other complica-

tions such as respiratory or cardiovascular 

complications were seen in 11 (14.5 %) pa-

tients. The incidence of complications in Bee-

harry et al. (2019) RCT was 7.5 %, and there 

were no anastomotic leaks observed in any 

patients.  

In the included studies on patients with 

colorectal cancer, the postoperative complica-

tions were higher in the group that received 

HIPEC. Klaver et al. (2019), in the COLO-

PEC trial, reported the incidence of postoper-

ative complications to be 14 %. One patient 
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had encapsulating peritoneal sclerosis. In the 

Goéré et al. (2020) PROPHYLOCHIP-

PRODIGE 15 trial, the incidence of postoper-

ative complications was 41 %. Similar results 

were reported by Quenet et al. (2021) in 

PRODIGE 7. In PRODIGE 7 trial, the rate of 

complications during days 1-30 of the postop-

erative period was 42 %. During days 1-30, 

27 % intra-abdominal complications and 

27 % extra-abdominal complications were 

observed in the HIPEC group. During days 

31-60, the overall incidence of complications 

was 26 %. The patient characteristics, PRFS 

rate, and postoperative complications re-

ported in the included trials are presented in 

Table 2. 

 

Risk of bias 

Bias assessment was done using the 

Cochrane handbook for systematic reviews of 

intervention. Out of the five included studies, 

Beeharry et al. (2019) trial used envelopes 

and chits for randomization. Other trials used 

computer-generated sequences. Allocation 

concealment was not reported explicitly in 

three studies. As all the studies involved pa-

tients who will undergo surgery for HIPEC, 

blinding of participants and personnel was not 

done in three studies, and it was unclear in the 

remaining three studies. Selective reporting 

and other biases were not observed in any of 

the included studies. The summary of the risk 

of bias in the included studies and the risk of 

bias in the individual studies are presented in 

Figure 3 and Figure 4. 

 

Figure 3: Risk of bias in all the included trials

 

Figure 4: Summary of risk of bias assessment
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Table 2: Patient characteristics, peritoneal recurrence-free survival, complications reported in the included studies 

Study Patient  
characteristics 

Procedure for the 
treatment of pri-
mary tumor 

Tumor  
characteristics 

Peritoneal  
recurrence and 
PRFS 

Complications Conclusion 

Reutovich et 
al. (2019) 

 Age (mean ± 
SD) = 56 ± 2 

 Male: female 
= 50:26 

Not specified pT: 

 T4a=63 

 T4b=13 
 
pN: 

 N0=23 

 N1=13 

 N2=16 

 N3=24  
 

 Median fol-
low-up = 41 
months 

 3-year PRFS 
= 47 % (sig-
nificantly 
higher) 

 

 Incidence = 
17.1 % (no 
significant dif-
ference) 

 Surgery-re-
lated compli-
cations = 
12 %  

 Non-surgical 
complications 
= 14.5 % 

 Lethal anas-
tomotic leak 
= 2.6 % 

HIPEC appears to be helpful in 
improving outcomes in patients 
with gastric cancer 

Beeharry et 
al. (2019) 

 Age (mean ± 
SD) = 59 ± 
10 

 Male: female 
= 23:17 

 Total gastrec-
tomy = 13 

 Distal gastrec-
tomy = 27 

pT: 

 T3=2 

 T4a=38 
 
pN: 

 N0=3 

 N1=7 

 N2=10 

 N3a=10 

 N3b=10 

 Median fol-
low-up = 32 
months 

 3-year PRFS 
= 97 % (sig-
nificantly 
higher) 

Incidence of post-
operative compli-
cations = 7.5 % 
 

With low incidence of complica-
tions and morbidity, prophylactic 
HIPEC with radical D2 gastrec-
tomy improves peritoneal recur-
rence rates and survival in pa-
tients with advanced gastric can-
cer 

Klaver et al. 
(2019) 

 Median age 
(IQR) = 61 
(56-68) 

 Male: female 
= 53:47 

 Right hemi-
colectomy = 38 

 Left hemicolec-
tomy = 14 

 Sigmoid resec-
tion = 33 

 Anterior resec-
tion = 13 

pT: 

 T4a=71 

 T4b=16 

 T2/T3 (perfo-
ration) =10 

 T2/T3 (cT4) 
=3 

  

 18-months 
PRFS = 80.9 
(not signifi-
cant) 

 18-months 
PRFS for 
right-sided 
tumors = 

 Incidence of 
complications 
= 14 % 

 Encapsulat-
ing peritoneal 
sclerosis = 
1 % 

There was no improvement in 
PRFS at 18 months in the 
HIPEC group. Therefore, use of 
adjuvant HIPEC is not recom-
mended in patients with T4 or 
perforated colorectal cancer. 
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 Subtotal colec-
tomy = 2 

pN: 

 N0=24 

 N1=36 

 N2=40 

81 % (not 
significant) 

 18-months 
PRFS for 
left-sided tu-
mors = 
80.9 % (not 
significant) 

Incidence of 30-
day complica-
tion: 

 Simultaneous 
HIPEC = 7/8  

 Staged 
HIPEC (5–8 
weeks) = 
5/79 

Goéré et al. 
(2020) 

 Median age 
(IQR) = 60 
(51-64)  

 Male: female 
= 21:13 

Not specified PCI Index: 

 0-9 = 24 

 10-14 = 3 

 ≥ 15 (and 
missing) = 10 

 Median fol-
low-up = 
50.8 (47 – 
54.8) 

 3-year PRFS 
= 59 % (not 
significant) 

Incidence of com-
plications = 41 % 

Surveillance alone appears to be 
adequate for patients at high risk 
of developing colorectal perito-
neal metastases as second-look 
surgery plus HIPEC did not im-
prove disease-free survival. 

Quenet et al. 
(2021) 

 Median age 
(IQR) = 60 
(53-64) 

 Male: female 
= 65:68 

 

Not specified PCI Index: 

 <11 = 77 

 11-15 = 28 

 >15 = 27 
 

 Median fol-
low-up = 
63·8 months 
(53·0–77·1) 

 3-year PRFS 
= 29.6 % 

 Day 1-30 inci-
dence of 
post-opera-
tive complica-
tion = 42 % 

 Day 31-60 in-
cidence of 
post-opera-
tive complica-
tion = 26 % 

 Digestive fis-
tulae = 11 % 

 Abscess = 
5 % 

Cytoreductive surgery without 
HIPEC should be the treatment 
of choice for colorectal perito-
neal metastases as there was 
no overall survival benefit after 
adding HIPEC to cytoreductive 
surgery and more incidence of 
postoperative complications. 

HIPEC – Hyperthermic Intraperitoneal Chemotherapy; IQR – Inter Quartile Ratio; SD – Standard deviation; pT and pN – pathological tumor and node staging 
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DISCUSSION 

This systematic review of recently pub-

lished randomized controlled trials was done 

to provide up-to-date information and the 

highest level of evidence regarding the role of 

HIPEC in the prevention and reduction of re-

currence of peritoneal metastasis to the medi-

cal literature. Gastric cancer and colorectal 

cancer are the commonly diagnosed gastroin-

testinal malignancies worldwide. While 

HIPEC therapy is also given for other gastro-

intestinal malignancies like mucinous appen-

diceal cancer, we could not retrieve any re-

cently published RCTs that evaluated the role 

of HIPEC in those patients. One of the most 

important reasons for poor prognosis in gas-

tric cancer is recurrence (Allum and Fielding, 

1990; Sadeghi et al., 2000). The common re-

currence patterns of gastric cancer include 

peritoneal recurrence, distant metastasis, and 

regional recurrence, of which peritoneal re-

currence is the most common type (Deng et 

al., 2011). Thus preventing the recurrence of 

gastric cancer can possibly help in improving 

the survival of the patients. Compared to other 

treatment modalities for patients with gastric 

cancer, studies have reported that HIPEC has 

a positive outcome on improving overall sur-

vival (Yan et al., 2007; Liang, 2016; Cocco-

lini et al., 2014). However, studies in the lit-

erature lack in reporting the effectiveness of 

prophylactic HIPEC in preventing recurrence 

of peritoneal metastasis in patients with gas-

tric cancer. Included trials in this review that 

studied the patients with gastric cancer had re-

ported that the prophylactic HIPEC had an 

optimistic role in preventing disease recur-

rences as well as peritoneal recurrence with a 

significantly lower recurrence rate reported in 

all the included studies.  

All the included trials also reported that 

the overall survival rate was significantly 

higher in the patients who received HIPEC. 

Similar results were reported by Mi et al.’s 

meta-analysis of randomized controlled trials 

published in the year 2013. The results of this 

meta-analysis showed that the peritoneal re-

currence rate was significantly lower in the 

group that received HIPEC. This meta-analy-

sis also reported that the overall survival was 

significantly higher in the group that received 

HIPEC. This demonstrates the fact that im-

proving PRFS can directly improve the over-

all survival of patients with gastric cancer. On 

observing the limitation side of HIPEC, the 

incidence of postoperative complications did 

not differ significantly in the HIPEC group. 

Only Reutovich et al.’s study (2019) reported 

two cases of fatal esophageal anastomotic 

leaks. In this study, the number of patients 

who underwent total, distal or proximal gas-

trectomies was not specified. Studies in the 

literature have reported that anastomotic leak-

age following total or subtotal gastrectomies 

would be relatively less in experienced cen-

ters (Piso et al., 2009). Other included studies 

did not report any anastomotic leakage. Bee-

harry et al.’s study (2019) reported a higher 

number of complications in the control group 

that received only cytoreductive surgery. 

Reutovich et al.'s (2019) trial reported that the 

incidence of complications was not statisti-

cally significant in the HIPEC group. Bee-

harry et al. (2019) also reported that the dura-

tion of hospital stay was significantly less in 

the HIPEC group. Postoperative complica-

tions prolong the hospital stay of the patients 

and contribute to morbidity and mortality. Liu 

et al.’s study (2016) had reported grade 3-4 

complications prolonged the duration of hos-

pital stay and affected the patients quality of 

life that underwent total gastrectomy. With 

fewer postoperative complications and opti-

mistic outcomes in improving peritoneal-free 

survival, prophylactic HIPEC appears to play 

a vital role in patients with gastric cancer, as 

evidenced by recently published randomized 

controlled trials.  

When it comes to colorectal cancer, 

prophylactic HIPEC therapy appears to be 

controversial, and data regarding the same are 

scarce in the medical literature. The first pilot 

study to determine the prophylactic role of 

HIPEC in colorectal cancer is by Virzì et al. 

(2013). The authors studied twelve patients 

who were at high risk of developing perito-

neal metastasis. The authors suggested that 
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prophylactic HIPEC was safe and tolerable 

(Virzì et al., 2013). Theoretically, as colorec-

tal cancers invade and seed into the perito-

neum, HIPEC could possibly prevent the im-

plantation of the cancer cells into the perito-

neum by killing them (Perez et al., 2021). 

Sammartino et al. (2012) reported 4 % perito-

neal recurrence in their study. However, the 

authors could not conclude whether the re-

duced peritoneal recurrence rate was solely 

due to HIPEC. Various studies in the litera-

ture that were not RCTs reported low perito-

neal recurrence rates and improved PRFS 

when prophylactic HIPEC was used to pre-

vent peritoneal metastasis in patients with col-

orectal cancer (Sammartino et al., 2012; 

Tentes et al., 2011).  

All the recently published RCTs have re-

ported contradicting results on the prophylac-

tic and therapeutic use of HIPEC to prevent 

and limit peritoneal recurrence in patients 

with colorectal cancer. All the trials included 

in this review reported that there was no sig-

nificant improvement in the PRFS in patients 

who received HIPEC. In the COLOPEC trial, 

the 18-month PRFS in the HIPEC group was 

80.9 %, whereas, in the control group, it was 

76.2 %. The HIPEC group received both ad-

juvant chemotherapy and HIPEC. The control 

group received only adjuvant chemotherapy. 

One of the limitations reported by the authors 

was the administration of adjuvant chemo-

therapy later in the experimental group than 

in the control group though all patients re-

ceived adjuvant chemotherapy within the rec-

ommended period (Klaver et al., 2019). The 

PROPHYLOCHIP trial, which reported a 3-

year PRFS rate, did not show a significant dif-

ference between the HIPEC group (61 %) and 

the control group, which had only surveil-

lance (59 %) (Goéré et al., 2020). 

In PRODIGE 7 trial, the PRFS did not 

show any significant difference between the 

HIPEC and the non-HIPEC group, which re-

ceived cytoreductive surgery along with sys-

temic chemotherapy (Quénet et al., 2021). In 

all three trials, HIPEC was given for 30 

minutes duration. This leads us to investigate 

the effectiveness of the shorter duration 

HIPEC. In the COLOPEC trial, Klaver et al. 

(2019) suggested that a shorter duration 

HIPEC for 30 minutes may not lead to signif-

icant exposure of the tumor cells to the 

chemotherapeutic to attain an effective anti-

tumor response. Quenet et al. (2021) also sug-

gested the same. The efficacy of the shorter 

duration HIPEC can only be clarified by on-

going and future RCTs. All the trials included 

also reported that HIPEC did not show signif-

icant improvement in the overall survival rate. 

In addition, the complications were higher 

among the patients who received HIPEC. In 

the COLOPEC trial, postoperative complica-

tions occurred in 12 patients who received 

HIPEC. Two patients had an anastomotic 

leak. One patient who received HIPEC devel-

oped encapsulating peritoneal sclerosis that 

was subsequently treated (Klaver et al., 

2019). Averbach et al.’s study (1996) reported 

a higher incidence of anastomotic leak in the 

patients who received HIPEC when extensive 

colon resection was done. The included trials 

reported frequent postoperative complica-

tions in the HIPEC group. The complications 

further affect the survival negatively, thereby 

leading to further reduction in the survival 

rate. Thus, along with decreased efficiency to 

prevent and control peritoneal metastasis, 

HIPEC treatment and prophylaxis seem to 

negatively impact patients with colorectal 

cancer. As this review included only three tri-

als, the ongoing and future trials may show a 

clarifying and explicit result on the outcomes 

of a patient with colorectal cancer undergoing 

HIPEC treatment for prevention and control 

of peritoneal metastasis. 

One of the most important limitations of 

this review is the number of studies and the 

type of studies chosen. Our primary objective 

was to provide the highest level of evidence 

of updated information in the field of surgical 

oncology and HIPEC therapy. Considering 

the level of biases in other types of studies and 

the level of evidence available, only RCTs 

were chosen. HIPEC therapy is not available 

worldwide, and even in the available places, 

only a few experienced and trained experts 

are available to do the procedure. The number 
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of RCTs available in the literature involving 

HIPEC is very scarce. Most of the RCTs get 

called off due to a considerable loss of patient 

follow-up and leading to deficiency in the 

data. Considering the fact of the presence of 

other systematic reviews and meta-analyses 

of previously published RCTs, we chose to 

systematically analyze only the recently pub-

lished RCTs to provide up-to-date infor-

mation, which may serve as the highest level 

of evidence to the medical literature. 

In conclusion, HIPEC appears to be effec-

tive in preventing peritoneal metastasis in pa-

tients with locally advanced gastric cancer 

with minimal postoperative complications. 

However, in patients with advanced colorec-

tal malignancy, HIPEC does not seem to play 

a crucial role in preventing and controlling 

peritoneal metastasis. Moreover, the risk of 

postoperative complications is higher and 

thus further contributing to morbidity and 

mortality. The ongoing and future RCTs need 

to prove the prophylactic effectiveness of 

HIPEC in patients with colorectal cancer. 
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