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Abstract

Objective: To determine the effectiveness and safety of hyperthermic intraperitoneal chemo-
therapy (HIPEC) in patients with advanced gastric cancer and peritoneal metastases.
Methods: PubMed®, CNKI, Web of Science, VIP and WANFANG databases were searched to
identify randomized controlled trials (RCTs) that examined the effect of HIPEC on survival,
clinical response and adverse events. Patients with advanced gastric cancer and peritoneal metas-
tases were divided into an experimental group and a control group. The statistical results are
presented as relative ratio (RR), mean difference (MD) and 95% confidence interval (Cl).
Results: Twenty-one RCTs met the inclusion criteria (n = 1674 patients). Meta-analysis showed
that the 3-year survival rate was significantly higher in the HIPEC group than in the control group
(RR 1.61;95% ClI 1.43, 1.82) and the complete response rate was significantly higher in the HIPEC
group than in the control group (RR 2.35; 95% CI 1.67, 3.31). HIPEC was also beneficial in terms
of decreased CEA (MD —1.79; 95% Cl —2.22, —1.35). There was no significant difference in the
rate of adverse reactions (RR 1.00; 95% CI 0.87, 1.14).

Conclusions: HIPEC had a beneficial effect on 3-year survival rate and complete response in
patients with advanced gastric cancer and peritoneal metastases.
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Introduction

Gastric cancer is one of the most common
malignant tumours in the world and it is the
second leading cause of death from malig-
nant tumours.! There are 21 600 new cases
of gastric cancer diagnosed in the US every
year.> The National Cancer Centre of
Korea predicts 221347 new cancer cases
and 82344 cancer deaths in Korea during
2019, of which gastric cancer is one of the
most common.® In Asia, the countries with
the highest incidence of gastric cancer
include China, Mongolia, Japan and
South Korea.* China has the highest inci-
dence of gastric cancer in the world.” Early
surgical treatment can improve long-term
survival, while the prognosis of patients
with advanced disease is poor, so early
diagnosis is the key to successful treatment
of gastric cancer.® The 5-year survival rate
for patients with advanced gastric cancer in
Europe is only 25%.’

The peritoneum is a common metastatic
site in advanced gastric cancer.® The devel-
opment of peritoneal metastasis begins with
the detachment of a single tumour cell from
the primary tumour, which then reaches the
abdominal cavity and spreads into the peri-
toneal fluid. Tumour cells reaching the
extracellular matrix can bind to integrins
and cause degradation, which ultimately
results in the invasion of the submesothelial
cell layer.® The prognosis of patients with
peritoneal metastasis from a primary gastric
cancer is extremely poor and the median
survival time is only 4-6 months.'® There
is currently no consensus on the best way
to treat patients with peritoneal metastasis
from a primary gastric cancer. Since the
1980s, cytoreductive surgery combined
with hyperthermic intraperitoneal chemo-
therapy (HIPEC) has gradually become
the main treatment for peritoneal metasta-
sis from gastrointestinal malignancies and
the survival time of strictly selected patients
has been significantly  prolonged."!

However, this approach remains controver-
sial because the operation is difficult, it is
associated with complications and it has a
high mortality rate.'> HIPEC involves the
continuous heating and thermostatic infu-
sion of a liquid containing chemotherapy
drugs into the abdominal cavity to kill
any residual cancer cells in the abdominal
cavity that cannot be observed by the naked
eye.”> In 1979, Spratt first used multiple
organ resection combined with hyperther-
mic intraperitoneal chemotherapy to treat
a 35-year-old patient with pscudomyxoma
peritonei.'* To evaluate the extent of peri-
toneal metastasis, the concept of a perito-
neal cancer index (PCI) was proposed.'
The PCI is currently the most widely used
evaluation tool used to assess peritoneal
metastasis, because it not only reflects the
cancer burden, but it also determines to the
likely prognosis of patients.'®The PCI com-
bines the distribution of the tumour cells in
13 abdominal-pelvic regions with lesion
size.!” A previous study has shown a perfect
linear relationship between PCI and overall
survival.'®

This present meta-analysis systematically
evaluated the published literature in order
to investigate the clinical effects of HIPEC
used in patients with advanced gastric
cancer and peritoneal metastasis.

Materials and methods

Study methods

The methods used in this meta-analysis
were in accordance with those proposed
by a related meta-analysis.'

Search strategy

A systematic search of publications listed in
the electronic databases (PubMed®, CNKI,
Web of Science, VIP and WANFANG)
between January 2004 and July 2018 was
conducted using the following search
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terms: ‘gastric cancer’, ‘peritoneal metasta-
sis’, ‘hyperthermic intraperitoneal chemo-
therapy’. There were no search or
language restrictions applied. The list
of articles was reviewed independently by
all three authors. The reference lists of all
selected articles were manually reviewed to
identify any additional relevant studies.

Study selection

Studies were eligible for inclusion if they
met the following criteria: (i) randomized
controlled trial (RCT); (i) patients had
advanced gastric cancer with peritoneal
metastasis; (iii) the experimental group
received HIPEC therapy, while the control
group received systemic chemotherapy
only; (iv) PCI score was 0-36; (v) reported
outcomes included complete response (CR)
rate, 3-year survival rate, serum carcinoem-
bryonic antigen (CEA) level and adverse
reactions. The exclusion criteria were as fol-
lows: (i) not an RCT; (ii) irrelevant or repet-
itive research; (iii) incomplete data access;
(iv) peritoneal metastatic tumour cells were
derived from a variety of primary tumours.
After obtaining full reports of the candidate
studies, two authors (Y.W.L. & Y.D.)
reviewed each article independently.
Differences between the two reviewers
were resolved by discussion and consensus
with the supervisor (B.A.C.).

Data abtraction and quality assessment

Each study was evaluated for quality based
on the following characteristics: (i) secure
method used for randomization; (ii) alloca-
tion concealment; (iii) patient and observer
blinding; (iv) loss to follow-up. The quality
of the studies was evaluated using Jadad
quality scores and classified as low quality
(score <4) and high quality (score >4).%°
For each study, the following data were
extracted: article title; first author’s last
name; publication year; sample size; the

age of the patients; total number for CR
or 3-year survival; details of the chemother-
apy regimens; curative effects; adverse
events; surgery plans; quality evaluation.

Statistical analyses

A meta-analysis was performed via using
RevMan software (version 5.0; Cochrane
Collaboration, Oxford, UK). Enumeration
data are presented as relative risk (RR) with
a 95% confidence interval (CI).
Measurement data are expressed as the
mean difference (MD) with a 95% CI.
The difference was considered statistically
significant when P < 0.01.

Statistical heterogeneity was determined
by the P-value and I* value in the heteroge-
neity test results. If homogeneity was found
(P>0.10, I*<50%), a fixed-effect model
was employed for the meta-analysis. The
source of heterogeneity was investigated if
P<0.10 and I* > 50% and a random-effect
model was used in the absence of significant
clinical heterogeneity. Subgroup or descrip-
tive analyses were used in the presence of
significant clinical heterogeneity.

Results

The initial database search identified 391
articles, of which 37 were RCTs (Figure 1).
Full-text assessment resulted in 21 studies
that enrolled a total of 1674 patients with
advanced gastric cancer who met the inclu-
sion criteria and were included in this anal-
ysis (Table 1).>'*' Patients receiving HIPEC
were classified as the experimental group
(n=2840) and those receiving chemotherapy
alone as the control group (n=2834). The
studies were stratified according to their
quality into a low-quality group (Jadad
score <4) and a high-quality group (Jadad
score >4). There were three RCTs in the
low-quality group.®?%3%

The meta-analysis of the effect of treat-
ment on 3-year survival included 13 RCTs
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Titles and abstracts retrieved from electronic and

bibliographic searches. (n=391)

Related clinical articles of HIPEC for advanced

gastric cancer were selected. (RCT+NRCT)

According to the situation of KPS, treatment plan,

PCI and so on, the article was included. (n=21)

Collecting, sorting, and analyzing data

Get rid of NRCT and nonrandom studies

Figure |. Flowchart of the literature search undertaken in this meta-analysis of the effect of hyperthermic
intraperitoneal chemotherapy (HIPEC) for patients with advanced gastric cancer and peritoneal metastasis.
RCT, randomized controlled trial; NRCT, nonrandomized controlled trial.

(n= 1142 patients).?" 2*374! The results of
the heterogeneity analysis showed that
P>0.5 and I” < 50%, so there was no het-
erogeneity between the two study groups.
The meta-analysis using a fixed-effect
model showed that the 3-year survival rate
was significantly higher in the HIPEC
group than in the control group (RR 1.61;
95% CI 1.43, 1.82; P<0.00001) (Figure 2).

The meta-analysis of the effect of treat-
ment on CR rate included nine RCTs.?** 3¢
The meta-analysis using a fixed-effect
model showed that the CR rate was signif-
icantly higher in the HIPEC group than in
the control group (RR 2.35; 95% CI 1.67,
3.31; P<0.00001) (Figure 3).

Adverse events included bone marrow
suppression, anastomotic leak, bowel fistula,
gastrointestinal reactions, kidney damage
and liver disfunction. The meta-analysis of
the effect of treatment on adverse events
included nine RCTs.22>263540 The meta-
analysis using a fixed-effect model showed

that there was no difference in the rate of
adverse events between the two groups
(RR 1.00; 95% CI 0.87, 1.14; P=0.95)
(Figure 4).

The meta-analysis of the effect of treat-
ment on CEA levels included three
RCTs.>>3%3° There was an acceptable
level of statistical heterogeneity between
the three studies. The meta-analysis
showed that the extent of the decrease in
CEA level in the HIPEC group was better
than the control group (MD —1.79; 95% CI
—2.22, —1.35; P<0.00001) (Figure 5).

Discussion

Although the clinical treatment of gastric
cancer has been greatly improved, the prog-
nosis of gastric cancer patients with perito-
neal metastasis remains unsatisfactory.** At
present, peritoneal perfusion chemothera-
py, combined with systemic chemotherapy
or surgery, is used to improve the prognosis
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HIPEC Control Risk Ratio Risk Ratio

Cui 2014 36 48 17 48 82%  2.12[1.40,3.21) =

Deng 2009 26 44 16 41 80%  151[0.96,239 it

Fan 2017 13 15 9 15 43%  144[0.91,2.28] =

Liu 2015 60 80 26 70 13.3%  2.02[1.45,281) -

Lu 2016 3 28 2 20 11%  1.07[0.20,5.83] —r—

Wang 2017 33 48 18 48 87%  183[1.21,2.77] o=

Xu 2017 12 24 8 24 38%  150[0.75,3.00] T™

Yang 2011 2 0 34 02% 500[0.25, 100.43]

Yuan 2017 16 44 7 43 34%  223[1.02 4.88) ——

Zhang 2007 63 92 68 120 28.4%  1.21([0.98,1.49) o

Zhang 2013 24 40 14 40 67%  1.71[1.05, 280 =

Zhu 2008 1" A 4 29 20%  257[0.927.18) 1

Zuo 2004 38 46 22 36 11.9%  135[1.01,1.81] il

Total (95% CI) 574 568 100.0%  1.61[1.43,1.82] 4

Total events 337 211 )

Heterogeneity: Chi* = 15,13, df = 12 (P = 0.23); F = 21%
Test for overall effect: Z = 7.77 (P < 0.00001)

10 100
Favours control

001 01
Favours experimental

-

Figure 2. Meta-analysis of the effect of hyperthermic intraperitoneal chemotherapy (HIPEC) on 3-year
survival in patients with advanced gastric cancer and peritoneal metastasis.?' ~2837#!

HIPEC Control Risk Ratio Risk Ratio
—Study or Subgroup _ Events Total Events Total Weight M-H, Fixed.95%Cl  M-H,Fixed, 95%Cl
Chen 2015 2 40 0 40 1.3% 5.00[0.25, 100.97) *
Chen 2016 8 30 4 30 102% 2.00 [0.67, 5.94] i -
Hong 2016 13 46 7 46 17.8% 1.86 [0.82, 4.23) ™
Hu 2014 4 20 0 20 1.3% 9.00[0.52, 156.91) e —
Jin 2017 1 38 8 38 203% 1.38(0.62, 3.04) P T
Lu 2016 2 28 2 20 59% 7.86(2.08, 2968 ——
Wang 2016 9 50 4 50 10.2% 2.25(0.74, 6.83) T
Wang 2018 12 32 5 32 127% 2.40[0.96, 6.03) |
Zhang 2017 14 60 8 60 203% 1.75(0.79, 3.86) ™
Total (95% Cl) 344 336 100.0%  2.35[1.67,3.31) *
Total events 95 38
Heterogeneity: Chi* = 6.95, df = 8 (P = 0.54); P = 0% :o.u - of : . 1=0 3 oo"

Test for overall effect: Z = 4.89 (P < 0.00001)

Favours experimental Favours control

Figure 3. Meta-analysis of the effect of hyperthermic intraperitoneal chemotherapy (HIPEC) on clinical
response in patients with advanced gastric cancer and peritoneal metastasis. 24,23

of patients.** The combination of cytore-
ductive surgery and HIPEC is considered
to be a promising comprehensive treatment
strategy for gastric cancer peritoneal metas-
tases and it has shown good initial results,
but there is an urgent need to evaluate this
strategy further in RCTs.** The optimal
therapeutic dose of HIPEC remains to be
elucidated and many potential drug regi-
mens for perfusion exist. Studies show
that the perfusion of paclitaxel into the
abdominal cavity is safe and effective, and

it provides significant pharmacological
advantages compared with intravenous che-
motherapy.*>*® For example, intraperitone-
al perfusion chemotherapy results in higher
bioavailability of the drug.*’ The bioavail-
ability of intraperitoneal chemotherapy for
docetaxel is two-times that of intravenous
chemotherapy.*®

There have been several RCTs that have
investigated combined intraperitoneal che-
motherapy and the results showed that the
combined treatment group had a better
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HIPEC Control Risk Ratio Risk Ratio

Deng 2009 19 44 15 41 92% 1.18 [0.70, 2.00) T

Fan 2017 3 15 4 15 24% 0.75[0.20, 2.79) —

Liu 2015 54 80 4 70 279% 1.07 [0.85, 1.36) ™

Wang 2017 2 48 3 48  1.8% 0.67[0.12, 3.81) —

Wang 2018 24 32 27 32 16.0% 0.89 [0.69, 1.14) o

Xu 2017 1 24 3 24 18% 0.33(0.04, 2.98) I

Yang 2011 5 34 4 34 24% 1.25[0.37, 4.26) e —

Zhang 2013 22 40 24 40 14.2% 0.92[0.63, 1.34] -

Zhang 2017 42 80 41 60 24.3% 1.02 [0.81, 1.30] r

Total (95% ClI) an 364 100.0%  1.00[0.87, 1.14) {

Total events 172 165

Heterogeneity: Chi* = 3.30, df = 8 (P = 0.91); F = 0% ’001 0?1 : 150 100*

Test for overall effect: Z = 0.06 (P = 0.95)

Favours experimental Favours control

Figure 4. Meta-analysis of the effect of hyperthermic intraperitoneal chemotherapy (HIPEC) on adverse

events in patients with advanced gastric cancer and peritoneal metastasis.

23,25,26,35-40

HIPEC Control Mean Difference Mean Difference
i % Cl IV. F % Cl
Hu 2014 9.32 467 20 13.27 7.36 20  1.3% -3.95(-7.77,-0.13]
Wang 2017 134 04 48 152 15 48 97.0% -1.80[-2.24,-1.36)
Wang 2018 14.12 6.93 32 1351 6.74 32 17% 061][-2.74, 3.96]
Total (95% CI) 100 100 100.0% -1.79 [-2.22, -1.35]
ity: Chi® = = = (P = k + t 1
Heterogeneity: Chi* = 3.20, df = 2 (P = 0.20), I* = 38% '.100 5:0 c" 5‘0 100

Test for overall effect: Z = 8.10 (P < 0.00001)

Favours experimental Favours control

Figure 5. Meta-analysis of the effect of hyperthermic intraperitoneal chemotherapy (HIPEC) on carcino-
embryonic antigen levels in patients with advanced gastric cancer and peritoneal metastasis.”>2

curative effect than single operation or che-
motherapy.*”>® This current meta-analysis
demonstrated that the 3-year survival rate,
the CR rate and the reductions in CEA level
following treatment were all significantly
more favourable in the HIPEC group com-
pared with the control group; and there was
no difference in the occurrence of adverse
events between the two groups. However, it
should be noted that there were only three
studies that examined the CEA levels after
treatment.>>*>* In addition, the start and
stop times of intervention for patients in
each treatment centre were different. A large
multi-centre RCT should be undertaken to
improve the homogeneity of the data.

In conclusion, this current meta-analysis
demonstrated that HIPEC resulted in a
higher 3-year survival rate, a higher CR
rate and greater reductions in CEA level

following treatment than systemic chemo-
therapy alone in patients with advanced
gastric cancer and peritoneal metastases.
There was no difference in the occurrence
of adverse events between the two treatment
groups. As effective treatment of advanced
gastric cancer is the key to improving the
prognosis of the patient, choosing the most
appropriate and effective treatment is likely
to have a considerable impact on the
patient’s long-term outcomes.
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