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gastrointestinal and biliary tract malignancies: a systematic review
and meta-analysis of randomized trials
Panagiotis Filisa,b, Afroditi Kanellopouloub, Aristeidis Gogadisa, Nikolaos Filisc,
Konstantinos Kamposiorasd, Fani Kapoulitsaa, Davide Mauria
University of Ιoannina, Greece; University of Ioannina School of Medicine, Greece; The Christie NHS Foundation
Trust, Manchester, UK

Abstract

Background Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal
chemotherapy (HIPEC) promised to transform the management of peritoneal carcinomatosis (PC).
Forty years since the introduction of the technique, published data from randomized controlled
trials (RCTs) remain scarce. We assessed the cumulative comprehensive available evidence on the
use of HIPEC in gastrointestinal (GI) and biliary tract malignancies and established the current
benchmark for GI HIPEC research in both the prevention and treatment of peritoneal metastases.
Methods RCTs were identified through a systematic search of Medline, Cochrane and Embase
databases. Overall survival and progression-free survival were the outcomes of interest.
Results The search resulted in 13 RCTs for gastric cancer (10 on prophylactic and 3 on therapeutic
HIPEC), 4 for colorectal cancer (2 on prophylactic and 2 on therapeutic HIPEC), and 1 for
pancreatic cancer. No RCTs were identified that included other types of GI or biliary tract cancers.
Current randomized evidence does not support any overall survival benefit from the use of HIPEC
in the adjuvant setting for gastric cancer or for colorectal cancer in any setting. Despite the survival
benefit noticed in the treatment of PC from gastric cancer (risk ratio 0.85, 95% confidence interval
0.77-0.93; P<0.001), the results were derived from only 190 patients.
Conclusions The current evidence from RCTs does not support the use of HIPEC in the treatment/
prevention of PC in GI and biliary tract malignancies. HIPEC should continue to be considered
experimental until level 1 evidence from properly designed international multicenter studies
becomes available.
Keywords Hyperthermic intraperitoneal chemotherapy, gastrointestinal cancer, gastric cancer,
biliary tract cancer, colorectal cancer
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Introduction
Peritoneal carcinomatosis (PC) is characterized by
the presence of significant abdominal and constitutional
symptoms, low treatment response rates, and a poor prognosis.
The use of aggressive locoregional treatment combining
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy (HIPEC) has been suggested to improve
patients’ outcomes [1]. Cytoreductive surgery (CRS) consists
of the complete removal of the macroscopic disease, while
HIPEC involves chemotherapy in the peritoneal cavity, heated
to a desirable temperature, ranging from 41.5-43°C, for 30120 min, according to the investigator and the type of drug [2].
The rationale behind the procedure is to take advantage of the
synergy between hyperthermia and local compartmental intraabdominal chemotherapy, as well as to minimize the residual
disease after the macroscopic resection [3]. The procedure has
long been considered a “double-edged sword”, as the reduction
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in systemic toxicity is followed by a notable increase in
postoperative morbidity [4]. For these reasons, the application
of CRS and HIPEC in gastrointestinal (GI) malignancies has
been a research topic of increasing interest.
Gastric cancer is the sixth most common cancer globally [5]
and PC is the leading cause of death after a potential curative
resection [6]. HIPEC has been investigated both for prevention
of PC in high-risk patients (harboring serosal invasion and
lymph node metastasis), and for treatment of patients with
established PC [7].
Colorectal cancer is the fourth most common cancer [5].
PC in colorectal cancer can be detected synchronously or
metachronously, and is associated with worse overall survival
when compared to other metastatic sites [8]. Small HIPEC
studies showed promising results in both PC prevention and
treatment among patients with colorectal cancer, sparking a
growing enthusiasm for the procedure [9].
Malignant peritoneal dissemination can also originate
from appendiceal neoplasms, hepatobiliary, pancreatic and
neuroendocrine tumors, and from pseudomyxoma peritonei
(PMP). In view of its potential benefit in the PMP setting, CRS
plus HIPEC has recently been proposed to represent the new
standard of care for this tumor type [10].
The evolving investigational interest in CRS/HIPEC is also
underscored by its experimental use in managing peritoneal
sarcomatosis from GI tumors of stromal origin, as well as
peritoneal mesotheliomas [11-13]. Despite the growing
research interest in CRS/HIPEC across GI and biliary tract
malignancies, high quality data from randomized controlled
trials (RCTs) are still scarce. The scientific evidence associated
with this topic remains far from level 1, with published metaanlyses being mainly dominated by non-randomized cohorts,
case-control and retrospective studies [14,15]. Considering
all of the above-mentioned challenges and the need to shed
light on the clinical evidence for CRS/HIPEC application
from unbiased data, we performed a systematic review of the
literature to summarize the existing comprehensive evidence
from RCTs on the use of HIPEC in PC from GI and biliary
tract malignancies.

Materials and methods
Data sources and selection

In December 2021, we performed a systematic search of
Medline, Cochrane and Embase databases for RCTs of any
duration and design comparing HIPEC treatment with any
other therapy in patients who had either PC or a high risk
of developing peritoneal metastases. The search string was
as follows: (colorectal OR colon OR rectal OR gastric OR
stomach OR appendiceal OR appendix OR pancreas OR
biliary OR cholangeal OR gallbladder OR mesothelioma
OR pseudomyxoma) AND (neoplasm* OR cancer* OR
tumor*) AND (HIPEC OR IPHP OR IHC OR CHPP OR
hyperthermic OR hyperthermic intraperitoneal chemotherapy
OR hyperthermic intraperitoneal perfusion OR intraperitoneal
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hyperthermic chemoperfusion OR continuous hyperthermic
peritoneal perfusion) AND (random*).
If no eligible RCTs for a specific cancer site were found,
we reported on any randomized trial of HIPEC for this tumor
type as an illustration of RCT construction feasibility. If no
other RCTs were detected, a recent cohort study of interest was
mentioned if available. All studies identified in our search were
screened by 2 independent investigators (PF, NF) for eligibility,
based on titles and abstracts. Any article identified as having
the potential to fulfill our inclusion criteria underwent full-text
evaluation. If no consensus on eligibility was reached between
the 2 investigators, a third investigator (FK) was consulted.
Forward and backward citation analysis supplemented the
database search. Cohort and case-control studies, animal
studies, as well as non-English studies, were excluded. The
overall survival and progression-free survival were the
outcomes of interest. This study was reported in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) reporting guideline [16].
Data extraction

Two authors (PF, AG) independently extracted relevant
data from included studies using a standardized extraction
form. Any disagreement was resolved by consensus. Multiple
records reporting on the same trial (e.g., at different time points
of follow up) were considered as a single trial for all analyses. In
case of doubly reported data, those from the most-informative
publication and highest level of evidence were used. The
data extracted included: first author, year of publication,
chronological period of the study, study population, number
of patients, details of experimental and control arm therapy,
HIPEC technique, median follow up, survival rates, number of
deaths, and number of disease progression incidences.
Statistical analysis

When the number of eligible RCTs permitted it, a metaanalysis was conducted, otherwise descriptive statistics were
used. Overall survival was characterized by the proportion of
patient deaths, as indicated from each study’s reported survival
rates, while progression-free survival was calculated according
to the proportion of disease progression events. Engauge
Digitizer was used to calculate the survival rates at different
time points from the Kaplan-Meier curves of the articles that
studied the effect of HIPEC for treatment of PC in gastric
cancer patients. For each outcome, a random-effects model
was created, using the inverse variance method, to compare
the risk ratio (RRs) and 95% confidence intervals (CIs)
between patients who did and did not receive HIPEC. The
fixed-effect model is also presented. Statistical heterogeneity
was assessed using the I2 statistic. The statistical significance
threshold was P<0.05. The risk of bias for each randomized
trial was assessed by answering a series of quality questions
regarding type of randomization, method of randomization
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concealment and description of withdrawals. All statistical
analyses were performed using Stata version 14 (Stata Corp,
College Station, Tex).

Results
Our search identified 2035 articles in total (426 Medline,
1098 Embase, 511 Cochrane) (Fig. 1) and their titles and
abstracts were screened for eligibility. Twenty-three studies
were retrieved for full-text review and, after exclusion of
ineligible studies, 18 randomized trials were included in
the review [6,17-33]. Reasons for exclusion were a nonrandomized design, reporting of the same studies in different
follow-up periods, the use of non-hyperthermic intraperitoneal
chemotherapy, and a comparison between trial arms irrelevant
to our study. The results will be presented according to the
cancer site.
Gastric cancer
Study demographics

A total of 13 RCTs compared the use vs. non-use of HIPEC
in gastric cancer PC [6,17-25,31-33]. The vast majority
of the studies were conducted in China [17,19,20,23] and
Japan
[6,22,24,25,31,32]. Two studies originated from
Europe [21,33] and one from the USA [18]. All studies
but one randomized in 1:1 fashion [17], but only 3 studies
described the exact type of randomization [20,23,33], 3 the
Records identified from*:
Medline (n = 426)
Embase (n = 1098)
Cochrane (n= 511)

Records screened
(n = 2035)

Records excluded
(n= 2012)

randomization concealment [20,23,32], and 4 the withdrawal
details [21,31-33]. Table 1 shows the basic characteristics of
the RCTs.
All the studies were greatly underpowered, as the sample
size of patients randomized in each trial was particularly low,
ranging from 17-274. A total of 1130 patients were included
in the analysis (574 in the investigational and 556 in the
control arm).
Only 3 studies enrolled patients with PC treated with CRS
and HIPEC [18,23,33]. The rest of the studies recruited highrisk patients with locally advanced surgically resected gastric
cancer, without PC (prophylactic HIPEC therapy). The HIPEC
perfusate was kept at a temperature between 41°C and 45°C for
30-120 min, in most cases choosing the closed over the open
technique. The HIPEC regimen was mitomycin C until 2001,
but from then on cisplatin was the preferred chemotherapy
solution. Fujimoto et al had the longest recruitment period
(almost 9 years) and consequently collected the largest patient
sample (n=141) compared to the rest of the studies [25],
underscoring notable difficulties in patient recruitment. All
the studies were single-center studies with recruitment periods
ranging between 3 and 11 years, except for one multicenter
study, which enrolled 105 patients over a recruitment period
of 14 years [33].
Prophylactic HIPEC

Ten studies including a total of 940 patients (479 in the
investigational and 461 in the control arms) compared the use
of prophylactic HIPEC vs. no use in patients who had radical
resection of their gastric cancer. In agreement with the NCI,
NCCN and ESMO guidelines [34,35], adjuvant chemotherapy
should be offered to all surgically resected high-risk gastric
cancer patients (while observation is no longer a valid option).
We divided the prophylactic HIPEC trials into 2 groups: (1)
RCTs that compared HIPEC plus adjuvant chemotherapy vs.
adjuvant chemotherapy alone (current standard of care); and
(2) RCTs that compared prophylactic HIPEC vs. observation
(surgery alone – outdated practice).
Adjuvant HIPEC/chemotherapy vs. adjuvant chemotherapy

Reports sought for retrieval
(n = 28)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n = 28)

Reports excluded:
Reason 1:No HIPEC (n = 2)
Reason 2: Studies were not
randomized (n= 4)
Reason 3: Both arms
received HIPEC (n = 2)
Reason 4: Same study with
different follow-up (n =2)

Studies included in review
(n=18)
Gastric n= 13
Colorectal n= 4
Pancreatic n= 1

Figure 1 Review flow chart
HIPEC, hyperthermic intraperitoneal chemotherapy

Three studies [17,19,31] including a total of 266 patients
(132 in the investigational and 134 in the chemotherapy
alone arm) were identified. The combination of HIPEC plus
chemotherapy for prophylaxis of peritoneal metastasis did
not show any overall survival benefit compared with the
use of adjuvant chemotherapy alone (RR 1.11, 95%CI 0.711.76; P=0.642; I2=31.7%) (Fig. 2), and no progression-free
survival benefit (RR 0.90, 95%CI 0.61-1.31; P=0.570; I2=0%)
(Fig. 3).
Adjuvant HIPEC vs. observation alone

Seven studies [6,18,20,21,24,25,32] including a total of
674 patients (347 in the investigational HIPEC and 327 in
Annals of Gastroenterology 35
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Table 1 Characteristics of RCTs that used HIPEC for prevention and treatment of peritoneal carcinomatosis in colorectal and gastric cancer
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GROUP and OS

Treatment
n/N

Control
n/N

Risk Ratio
(95% CI)

% Weight,
DL

HIPEC+CT+SURGERY vs CT+SURGERY
4/33
Fan [17]
0/17
12/21
Huang [19]
8/21
38/78
ikeguchi [31]
50/94
54/132 58/132
Subgroup, DL
Subgroup, IV
(I2= 31 7%, p = 0.231

4.76 (0.27, 83.64) 0.39
1.50 (0.78, 2 90) 6.45
0.92(0.68, 1.23) 21.11
1.11 (0.71, 1.76) 27.95
1.01 (0.77, 1.32) 27.54

HIPEC+SURGERY vs SURGERY ALONE
2/40
Beeharry [20]
2/40
15/42
Hamazoe [22]
19/40
7/22
Fujimura [24]
14/18
19/48
Yonemura [6]
27/47
27/71
Fujimoto [25]
36/70
35/56
Takahashi [32]
46/57
105/279 144/272
Subgroup, DL
Subgroup, IV
(l2=0.0%,p = 0.642

1.00 (0.15, 6.76)
0.75 (0 45, 1.27)
0.41 (0.21,0.79)
0 69 (0 45, 1.06)
0 74 (0.51, 1 07)
0.77 (0.61,0.98)
0.72 (0.61,0.85)
0 72 (0.61,0 85)

Heterogeneity between groups: p = 0.082
159/411 202/404
Overall, DL
Overall, IV
(I2 = 24.2%, p = 0.228)

0.79 (0.66, 0.95) 100.00
0.79 (0.69, 0 91)

.015625
1
NOTE: Continuity correction applied to studies with zero cells

0.87
9.60
6.45
13.02
15.73
26.38
72.05
72.46

64

Figure 2 Forest plot of the overall survival for prophylactic use of HIPEC in gastric cancer, presented by group based on the use of CT (risk ratio
values below 1 favor HIPEC and above 1 favor control)
HIPEC, hyperthermic intraperitoneal chemotherapy; OS, overall survival; CT, chemotherapy; DL, DerSimonian-Laird; IV, inverse variance

Treatment
GROUP and PFS n/N

Control
n/N

Risk Ratio
(95% CI)

% Weight,
DL

HIPEC+CT+SURGERY vs CT+SURGERY
Fan [17]
5/33
2/17
Ikeguchi [31]
27/78
38/96
Subgroup, DL 32/111 40/113
Subgroup. IV
(I2 = 0.0%, p = 0.631

1.29 (0.28, 5.96)
0.87 (0.59,1.29)
0.90 (0.61,1.31)
0.90 (0.61,1.31)

3.52
28.60
32.12
26.65

HIPEC+SURGERY vs SURGERY ALONE
3/40
14/40
Beeharry [20]
42/55
Reutovich [21] 36/68
18/71
31/70
Fuji moto [25]
Subgroup, DL 57/179 87/165
Subgroup, IV
(I2 = 49.0%, p = 0.141)

0.21 (0.07, 0.69)
0.69 (0.53, 0.91)
0.57 (0.35, 0.92)
0.57 (0.38, 0.86)
0 63 (0.50, 0.80)

5.81
39.03
23.04
67.88
73 35

Heterogeneity between groups: p = 0.117
89/290 127/278
Overall, DL
Overall, IV
(l2 = 38 2%, p = 0.166)

0.68 (0.50, 0 91)
0.70 (0.57, 0.85)

100.00

.0625

1

16

Figure 3 Forest plot of progression-free survival for prophylactic use of HIPEC in gastric cancer, presented by group based on the use of CT (risk
ratio values below 1 favor HIPEC and above 1 favor control)
HIPEC, hyperthermic intraperitoneal chemotherapy; PFS, progression-free survival; CT, chemotherapy; DL, DerSimonian-Laird; IV, inverse variance

the observational arm) were identified. The use of surgery
and adjuvant HIPEC vs. surgery alone was associated with
a statistically significant survival benefit (RR 0.72, 95%CI

0.61-0.85; P<0.001; I2=0%) (Fig. 2), and progressionfree survival benefit (RR 0.57, 95%CI 0.38-0.86; P=0.008;
I2=49%) (Fig. 3).
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HIPEC for treatment of PC

Three studies [18,23,33] including a total of 190 patients
(95 in the investigational and 95 in the control arm) were
identified. The studies indicated a nonsignificant trend for
survival benefit in the first year (RR 0.80, 95%CI 0.62-1.02;
P=0.07; I2=0%). The cumulative randomized evidence across
trials reached statistical significance for 2-year (RR 0.86, 95%CI
0.75-0.99; P=0.036; I2=0%) and 3-year (RR 0.85, 95%CI 0.770.93; P<0.001; I2=0%) survival (Fig. 4). Nonetheless, the overall
randomized sample size was much too small to draw certain
conclusions regarding the use of HIPEC compared to no use.

(Verwaal’s and PRODIGE 7) focused on the therapeutic use
of HIPEC in patients with colorectal cancer and peritoneal
metastases [26,27]. Table 1 shows some basic characteristics
of the trials. Although 3 of the trials were quite recent, the
study by Verwaal et al was the oldest and differed in the HIPEC
procedure [27]. Verwaal et al used mitomycin C as the perfusate
for 90 min at a temperature of 41-42°C. The other 3 trials used
an oxaliplatin-based regimen, while fluorouracil and leucovorin
was administered right before the start of HIPEC. The procedure
lasted for 30 min in each of these trials, at a temperature of 4143°C. Systematic chemotherapy was used in every trial.
HIPEC for the treatment of PC

Colorectal cancer
Study demographics

Four randomized trials comparing HIPEC with a therapy
without HIPEC for colorectal cancer were retrieved [26-29].
These studies were carried out in Europe (2 in France and
2 in The Netherlands). All the studies randomized in 1:1
fashion, described the method of randomization and allocation
concealment, and reported the withdrawals. The sample size
of patients randomized in each trial was low, ranging from
105-265 and the time of recruitment was from 3-6 years.
Overall, 722 patients were included (362 in the investigational
and 360 in the control arm). However, the 4 trials could not
be analyzed together since they were based on 2 different
treatment settings: 2 trials (PROPHYLOCHIP-PRODIGE
15 and COLOPEC) evaluated the prophylactic use of HIPEC
for prevention of peritoneal metastases [28,29], while 2 trials
GROUP

Two studies [26,27] that randomized a total of 370 patients
(187 in the investigational and 183 in the control arm) were
analyzed. Both studies indicated a nonsignificant trend for
survival benefit. Curiously the best trend for survival outcome
was reported in the trial of Verwaal et al, where mitomycin
C (an agent no longer used in the treatment of metastatic
colorectal cancer) was used for HIPEC [27]. In our analysis,
cumulative randomized evidence across both trials did not
show any statistical significance, either for overall survival (RR
0.88, 95%CI 0.67-1.16; P=0.380; I2=46.6%) or for progressionfree survival (RR 0.98, 95%CI 0.88-1.09; P=0.746; I2=0%) from
the use of HIPEC.
Prophylactic HIPEC

Two studies [28,29] that randomized a total of 352 patients
(175 in the investigational and 177 in the control arm) for the

Treatment Control

and OS

n/N

n/N

HIPE+CT+SURGERY vs CT+SURGERY
Rudloff [16]
7/9
7/7
Rau [33]

Risk Ratio
(95% CI)

% Weight,
DL

0.80 (0.54, 1.19)

5.18

44/52

53/53

0.85 (0.75, 0.96)

57.19

Subgroup, DL 51/61

60/60

0.84 (0.75, 0 95)

62.37

0.84 (0.75, 0 95)

62.37

Subgroup, IV
(I2 = 0.0%, p = 0.787)
HIPEC+SURGERY vs SURGERY ALONE
29/34

34/34

0.86 (0.74, 0.99)

37.63

Subgroup, DL 29/34

34/34

0.86 (0.74, 0.99)

37.63

0.86 (0.74, 0.99)

37.63

0.85 (0.77, 0 93)

100.00

Yang [23]
Subgroup, IV

(I2 = 0.0%, p = .)
Heterogeneity between groups: p = 0.886
Overall, DL

80/95

94/94

Overall, IV

0.85 (0.77, 0 93)

(I2 = 0.0%, p = 0.954)
1
.5
NOTE: Continuity correction applied to studies with zero cells

2

Figure 4 Forest plot of 3-year survival for treatment of peritoneal metastasis in gastric cancer, presented by group based on the use of CT (risk ratio
values below 1 favor HIPEC and above 1 favor control)
HIPEC, hyperthermic intraperitoneal chemotherapy; OS, overall survival; CT, chemotherapy; DL, DerSimonian-Laird; IV, inverse variance
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use of prophylactic HIPEC vs. non-use, among patients who
underwent resections of colorectal cancer, were analyzed.
Analysis of comprehensive randomized data did not
demonstrate any statistically significant difference from the use
of prophylactic HIPEC vs. non-use, for either overall survival
(RR 1.12, 95%CI 0.70-1.80; P=0.635; I2=0%) or progression
free survival (RR 0.99, 95%CI 0.76-1.29; P=0.946; I2=0%).
In fact, another phase 2 trial is ongoing, part of the expected
CAIRO6 trial, conducted to assess the feasibility and safety of
perioperative chemotherapy and HIPEC compared to HIPEC
and surgery alone, randomizing 40 patients to each group [36].
The CAIRO6 trial is currently the only randomized phase
3 trial expected to clarify the possible additive benefit of
perioperative chemotherapy when combined with HIPEC, if
substantial patient recruitment is achieved.
Appendiceal tumors and PMP

There were no randomized trials investigating the use
vs. non-use of HIPEC exclusively for appendiceal tumors.
Levine et al [37], presented a study of patients with mucinous
appendiceal tumors with peritoneal involvement randomized
to CRS and HIPEC plus mitomycin or oxaliplatin. Overall
and disease-free survival were similar for both regimens,
but mitomycin showed higher hematologic toxicity, with a
significantly lower white blood cell count. In a later report
assessing quality of life [38], oxaliplatin showed more favorable
outcomes. The ongoing ICARuS clinical trial is expected to
highlight the differences between HIPEC and EPIC (early
postoperative intraperitoneal chemotherapy) in combination
with CRS for colorectal and appendiceal cancer [39]. Two
analyses of another randomized trial comparing high and low
intra-abdominal pressure HIPEC in patients with PMP and
colorectal cancer concluded that increased-pressure HIPEC is
a feasible and safe method that increases the intraperitoneal
distribution of cisplatin [40,41].
Malignant peritoneal mesothelioma (MPM)

No randomized studies on the role of HIPEC in the
treatment of MPM were detected. As a non-randomized
point of reference, a 2021 comparative study showed a clear
survival advantage of CRS and HIPEC compared to CRS and
postoperative intraperitoneal chemotherapy [42]. Nonetheless
the non-randomized nature of the study exposed its outcomes
to a large number of biases.
Pancreatic, hepatobiliary and other cancers

Padilla-Valverde et al recently described the pilot study
of the only randomized trial applying HIPEC in pancreatic
cancer [30]. The trial randomized 16 patients with ductal
adenocarcinoma of the pancreas, recruited during 2018 and
2019, to receive either CRS plus HIPEC (n=10) or CRS alone

(n=6) and has not yet presented any between-group differences
in the early steps of the study. The search resulted in zero
randomized trials for hepatobiliary cancers. The most recent
retrospective case-control study suggested a survival benefit
for HIPEC combined with radical surgery and capecitabine,
in contrast to the same approach without HIPEC, with no
increase in the complication rate [43]. No randomized studies
were found for any other type of GI tumors.

Discussion
To our knowledge, this is the only article that attempts to
comprehensively present the available randomized evidence
for the use of HIPEC in all types of GI cancers. HIPEC
combined with CRS indicated a significant survival benefit
in the prophylactic setting of gastric cancer, only compared
to surgery alone. However, in surgically resected high-risk
gastric cancers, HIPEC alone is actually not recommendable,
since adjuvant chemotherapy became a part of the standard
of care in the management of these patients (NCI, NCCN and
ESMO guidelines [34,35]). Thus, the adjuvant use of HIPEC
alone cannot be recommended until superiority to the actual
adjuvant systemic treatment can be documented. For any
other cancer type, either no substantial survival benefit was
proved or no randomized data were available. Nonetheless, it
should be noted that even these nonsignificant trends are of
interest, since patient populations with advanced neoplasmatic
diseases also suffer from a variety of miscellaneous factors and
commorbidities, making the evaluation of the survival benefit
from multidisciplinary approaches more complex.
Unfortunately, after more than 40 years since the first
HIPEC report, and in spite of its potential benefit, HIPEC use
should still be still considered an exploratory treatment option.
This may stem from the difficulties in organizing adequately
powered studies, the complexity of conducting multicentric
trials and the extremely long period of recruitment. Overall,
14 of the 18 RCTs analyzed were single-center and only 4 were
multicenter; 94% (17/18) were single-nation and only one (6%)
was a multinational study. The number of patients recruited
per arm was less than 50 in half of the studies, while only
2 (11%) enrolled more than 100 patients per arm [26,29]. The
mean time of recruitment in studies randomizing more than
50 patients per arm was 8 (range: 4-14) years.
Challenges in statistical planning were particularly evident
in studies for PC prevention. For example, in studies of the
prevention of PC from colorectal cancer, only 266 patients
were randomized across the 3 available trials, which is far from
representative. PC as first site of recurrence after surgery ranges
from 17-25% [44,45]. To detect a 30% reduction in recurrence
between the 2 arms at a study power of 80% and type 1 error
α=0.05, more than 400 patients should have been randomized
in each arm.
The timing of both data release and guidance delivery is
not a redundant issue. For example, in gastric cancer the use
of prophylactic HIPEC alone (despite a statistically significant
benefit over non-use), cannot be considered a standard of care,
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as systemic adjuvant treatment is used with level 1 evidence,
while observation alone is no more an ethical and valid option.
Bartlett et al comprehensively described the difficulties
of conducting randomized trials for HIPEC [46]. While a
multicenter design is necessary in order to recruit a desired
number of eligible patients, it is also a source of population
pollution due to varying institutional techniques and
perioperative care. Aside from the difficulties involved in
enrolling rare populations, recruiting patients in trials of
aggressive procedures has proven difficult. A true bottleneck of
HIPEC research is the heterogeneity of the study protocols, as is
also evident in this review. Moreover, it is essential to highlight
the prognostic impact of complete cytoreduction score and
PC index on patients with PC and thus these factors should
be taken seriously into account for more careful participant
selection in future HIPEC RCTs [26,47,48].
As far as rarer malignancies are concerned, such as PMP
and MPM, long periods of recruitment are additionally
needed, so that sufficient patient accrual is achieved. In view
of its potential benefit in the PMP setting, CRS plus HIPEC
has been recently proposed to represent the new standard of
care for this tumor type [10], but despite expert consensus, the
level of evidence for this recommendation remains low until
randomized data become available.
Trials assessing the benefit of HIPEC have been conducted,
and the results of many ongoing randomized trials are also
expected (Supplementary Table 1). However, most of them
continue to be single-country studies (China or Germany or
France or Italy), not conducted in an international multicenter
setting. At this moment, only a few of these studies appear
promising, with estimated enrolment numbers ranging
from 400 to more than 600 participants (NCT02960061,
NCT02240524, NCT01882933).
Quality of life and toxicities are also a non-obsolete issue.
An average of 3-12 months is required for the quality of life
to improve and return to normal [49]. The most common
complications are hematological complications, anastomotic
leaks, bowel perforations and infectious complications.
All the analyzed trials referred to postoperative morbidity,
complications and/or toxicities, while it is also important
to note that only 2 studies directly referred to quality of life
assessment [29,33]. Complications should always be a matter
of concern, since a short prolongation of survival (if any)
means little if it is achieved at the expense of the quality of life.
Some potential limitations of the present study should be
aknowledged. First, it cannot be excluded that some studies
published in the English literature could have been missed
in our systematic reasearch. Nonetheless, 3 major libraries
(Medline, Embase and Cochrane) and abstracts from major
conferences were scrutinized, so it is unlikely that any major
randomized trial was overlooked, and other studies would
probably not have any impact on the overall outcome.
Secondly, a large proportion of the HIPEC literature is written
in the Chinese or Japanese language, rendering it inaccessible.
However, it is unlikely that important findings would not have
been reported in the English literature or cited and discussed
from scrutinized manuscripts. Finally, this meta-analysis has
the limitation of being based on published data. Considering
Annals of Gastroenterology 35

the extreme paucity of randomized patients available for
analysis, it is highly unlikely that a meta-analysis of individual
level data would have resulted in different outcomes.
In conclusion, the comprehensive randomized evidence
available does not support the use of HIPEC in the treatment/
prevention of PC in GI and biliary tract malignancies. HIPEC
use should be considered investigational in any setting until
evidence from properly designed international multicenter
studies, of adequate statistical power, becomes available.

Summary Box
What is already known:

• Peritoneal
metastases
originating
from
gastrointestinal (GI) cancers are characterized by
poor prognosis and low survival rates
• Complete cytoreduction in combination with
hyperthermic
intraperitoneal
chemotherapy
(HIPEC) was hoped to be a valid option for the
management of peritoneal carcinomatosis (PC)
• Reliable level-1 evidence is necessary for the
possible introduction of HIPEC in routine clinical
practiceined
What the new findings are:

• HIPEC indicates some promise in the treatment
of PC from gastric cancer, but the existing trials
contain an insufficient number of patients
• Randomized trials for other GI and biliary tract
malignancies are scarce and lack significant results
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Supplementary material
Supplementary Table 1 Future HIPEC trials
Indication

Country

Cancer type

Treatment ARMS

NCT01882933

France

Gastric

surgery+HIPEC vs. surgery alone

NCT02528110

China

Gastric

surgery+HIPEC vs. surgery alone

NCT02240524

China

Gastric

surgery+HIPEC+chemotherapy vs. surgery+chemotherapy

NCT02356276

China

Gastric

surgery+HIPEC+chemotherapy vs. surgery+chemotherapy

NCT02158988

Germany

Gastric

neoadjuvant+surgery+HIPEC+adjuvant vs. neoadjuvant+surgery+adjuvant

NCT02960061

China

Gastric

neoadjuvant+surgery+HIPEC+adjuvant vs.
neoadjuvant+surgery+peritoneal lavage+adjuvant

NCT02381847

China

Gastric

surgery+HIPEC vs. surgery alone

NCT02396498

China

Gastric

surgery+HIPEC+chemotherapy+S‑1 vs. surgery+chemotherapy+S‑1

NCT04447352

Germany

Gastric

neoadjuvant+surgery+HIPEC+adjuvant vs.
neoadjuvant+surgery+adjuvant

NCT03023436

China

Gastric

surgery+HIPEC vs. chemotherapy alone

NCT03348150

Netherlands

Gastric

surgery+HIPEC vs. systematic chemotherapy

NCT03917173

Italy

Gastric

surgery+HIPEC vs. surgery alone

ChiCTR1900024552

China

Gastric

neoadjuvant HIPEC+neoadjuvant chemo+surgery+HIPEC+adjuvant
chemo vs. surgery+adjuvant chemo

NCT02614534

Spain

Colorectal

surgery+HIPEC vs. surgery alone

NCT02974556

Italy

Colorectal

surgery+HIPEC+adjuvant vs. surgery+adjuvant

NCT02179489

China

Colorectal

surgery+HIPEC vs. surgery alone

NCT02830139

China

Colorectal

surgery+HIPEC+adjuvant vs. surgery+adjuvant

NCT02965248

China

Colorectal

surgery+HIPEC+adjuvant vs. surgery+adjuvant

NCT01628211

Italy

Colorectal

second look laparoscopy+HIPEC vs. standard follow up

NCT01815359

USA

Colorectal and appendiceal

surgery+HIPEC vs. surgery+EPIC

NCT03914820

Italy

Colorectal

surgery+HIPEC vs. surgery alone

HIPEC, hyperthermic intraperitoneal chemotherapy

