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Abstract

Background: There is uncertainty in the relative benefits and harms of
hyperthermic intraoperative peritoneal chemotherapy (HIPEC) when added
to cytoreductive surgery (CRS) +/— systemic chemotherapy or systemic
chemotherapy alone in people with peritoneal metastases from colorectal,
gastric, or ovarian cancers.

Methods: We searched randomized controlled trials (RCTs) in the medical
literature until April 14, 2022 and applied methods used for high-quality
systematic reviews.

Findings: We included a total of eight RCTs (seven RCTs included in
quantitative analysis as one RCT did not provide data in an analyzable
format). All comparisons other than ovarian cancer contained only one trial.
For gastric cancer, there is high uncertainty about the effect of
CRS + HIPEC + systemic chemotherapy. For stage Il or greater epithelial
ovarian cancer undergoing interval cytoreductive surgery,
CRS + HIPEC + systemic chemotherapy probably decreases all-cause
mortality compared to CRS + systemic chemotherapy. For colorectal can-
cer, CRS + HIPEC + systemic chemotherapy probably results in little to no
difference in all-cause mortality and may increase the serious adverse
events proportions compared to CRS +/— systemic chemotherapy, but
probably decreases all-cause mortality compared to fluorouracil-based
systemic chemotherapy alone.

Interpretation: The role of CRS + HIPEC in gastric peritoneal metastases
is uncertain. CRS + HIPEC should be standard of care in women with stage
Il or greater epithelial ovarian cancer undergoing interval CRS.
CRS + systemic chemotherapy should be standard of care for people with
colorectal peritoneal metastases, with HIPEC given only as part of a RCT
focusing on subgroups and regimes.
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1 | BACKGROUND AND RATIONALE

1.1 | What is the problem being
addressed?

Approximately seven million people worldwide and
160,000 people in the UK develop colorectal, ovarian,
or gastric cancer each year," of whom 8%-50%
develop peritoneal metastases. The peritoneum is one
of the commonest sites of metastases from these
cancers.?™® In general, people with peritoneal metas-
tases have poorer prognosis than those with other sites
of metastases (liver or lung),® with median reported
survival ranging from 6 to 24 months."%4%:°2

1.2 | Treatment of peritoneal
metastases from colorectal, ovarian, or
gastric cancer

The current standard of care of people with peritoneal
metastases from these cancers is systemic chemo-
therapy either alone or in combination with cytore-
ductive surgery (CRS) or palliative
surgery.*7 11124552 The addition of hyperthermic
intraoperative peritoneal chemotherapy (HIPEC) to
CRS + systemic chemotherapy is an option, and was
commissioned for colorectal peritoneal metastases by
NHS England in 2013. The main principle of
CRS + HIPEC is to remove all visible (macroscopic)
peritoneal metastases by surgical resection (CRS)
followed by HIPEC to treat any remaining microscopic
peritoneal metastases.” HIPEC involves peritoneal
circulation of chemotherapy drugs (usually mitomycin
C, oxaliplatin with 5 fluorouracil, or cisplatin)'* heated
to temperatures of 42°C, which might potentiate the
chemotherapy drugs.’®

1.3 | Why is this research important to
patients and health and care services?

Although CRS + HIPEC has the potential to improve the
survival and health-related quality of life (HRQoL) in
people with peritoneal metastases,’" %' there have
been concerns raised about its safety. Whilst some re-
ports have shown a 30-day mortality after CRS + HIPEC

PROSPERO Registration: CRD42019130504.

cost-effectiveness analysis, cost-utility analysis, evidence-based medicine, hyperthermic
intraoperative peritoneal chemotherapy, meta-analysis, peritoneal metastases, probabilistic
sensitivity analysis, systematic review, value of information analysis

of 1%—3%,2 and a major complication rate of 32%,%8

data from high volume centers has shown that major
complication rates are around 10%—-15% and a 90-day
mortality of 1%."® The average costs of CRS + HIPEC
per patient varies from about 20,000-80,000 USD.2%-2¢
Because of these reasons, this research is important to
address the significant uncertainty about the benefits of
an intervention that carries potential risk of harm to pa-
tients and major costs to the NHS.

1.4 | Review of existing evidence

Prior to starting this research, 16 systematic reviews of
comparative studies had been undertaken, comparing
CRS + HIPEC to other treatment modalities in peritoneal
metastases from colorectal, ovarian, or gastric can-
cer.21416:27=39 10 of these included at least one ran-
domized controlled trial (RCT), but the conclusions were
largely based on non-randomized studies.?'416:27:29-
31.33.38.39 Although most of these systematic reviews
concluded that CRS + HIPEC can improve survival in
people with peritoneal metastases, all the systematic
reviews had limitations and deficiencies. Firstly, all were
at high risk of bias according to the ROBIS (Risk Of Bias
In Systematic reviews) tool*® with concerns about bias
across all domains. Secondly, the systematic reviews
included only a single RCT*® and/or based their evidence
predominantly on non-randomized studies, without any
adjustment for baseline differences in disease-related or
patient-related prognostic characteristics.?'416:27:29-
31.33.38.39 Finally, meta-analyses could only include a
small proportion of the results from the studies because
of the way these results had been reported (e.g., pro-
portion survived vs. median survival).'#16:27:33:35

2 | AIMS AND OBJECTIVES

The overarching aim of this project is to answer whether
CRS + HIPEC + systemic chemotherapy improves
survival and/or quality of life compared to CRS +/-
systemic chemotherapy or systemic chemotherapy
alone in people with peritoneal metastases (from colo-
rectal, gastric, or ovarian cancers) who can withstand
major surgery and is it cost-effective in the NHS setting
by a systematic review and cost-effectiveness analysis

85U8017 SUOLILLIOD BA 181D 3ot |dde 8Ly Aq peusnob ke Se e YO ‘8N JO S9N 10} ARIq1T 8UIUO 48]/ UO (SUOIPUOD-PUR-SLUB)L0D" A3 1M AR1q 1 BUI|UO//SANL) SUOIIPUOD pue SWwie | 84} 89S *[202/50/50] U0 AriqiTauliuo A8|iM ‘Ssoines Areiqi TON uopuo abe|oD AsieAlun Aq 98T2T 'SIM/Z00T 0T/10p/W00" A8 |1 Ake.q 1 jpuluoy/:Sdny wouy papeojumod ‘0 ‘€ZE2zerT



WORLD JOURNAL OF SURGERY

(CEA). In this report, we have provided the results of
the systematic review. We have provided the results of
the CEA in the full report from NIHR.

3 | METHODS

We performed a systematic review of literature by
searching MEDLINE, EMBASE, Cochrane library, Sci-
ence Citation Index, Conference Proceedings Citation
Index as well as trial registers until April 14, 2022. The
search strategies are available in Appendix A. We fol-
lowed the standard guidance for performing a high-
quality systematic review and meta-analysis. We
included only RCTs and assessed the risk of bias using
the Risk of Bias version 2-:0 (ROB 2:0).*" We calculated
the hazard ratio (HR), risk ratio (RR), rate ratio, or mean
difference (MD) with 95% confidence intervals (95% ClI)
as appropriate. When applicable, we performed meta-
analysis using the random-effects model using Re-
view Manager 5-4. We used GRADE guidance to
assess the certainty of evidence and determine the
strength of recommendations.*?

For detailed methods of performing the systematic
review, please see our published protocol*® and Sup-
porting Information S1 (accepted for publication in
NIHR Journals).

4 | ROLE OF FUNDING SOURCE

The funder sought independent peer review before
funding and approved the protocol. All protocol re-
visions were approved by the funder.

5 | RESULTS

The systematic review included a total of eight RCTs.
A total of 955 participants in seven RCTs were
included in quantitative analysis (Table 1). Further
details of HIPEC and systemic chemotherapy in these
studies are summarized in Appendix B (Tables B1 and
B2). All comparisons other than that for ovarian cancer
contained only one trial. We excluded 5855 clearly
irrelevant records through reading titles and abstracts.
We excluded 58 records: the reasons for exclusion are
available in our full report. We identified 38 records of
ongoing trials (available from our full report). Additional
reports of included, excluded, and ongoing studies (60
records) are listed in our full report. The reference flow
is shown in Figure 1. The risk of bias in the different
domains for mortality are shown in Table 2. The cer-
tainty of evidence and the reasons for downgrading the
evidence are available in Table 3. Most of the evi-
dence related to all-cause mortality was of moderate
certainty.

5.1 | Gastric peritoneal metastases
5.1.1 | CRS + HIPEC + systemic
chemotherapy versus CRS + systemic
chemotherapy

One trial (68 participants) provided data in anal-
yzable format,** while another trial did not provide
data in analyzable format but provided a narrative
statement about all-cause mortality.*> For gastric can-
cer, there is high uncertainty about the effect of
CRS + HIPEC + systemic chemotherapy versus CRS
+ systemic chemotherapy on all-cause mortality and
serious adverse events (effect estimates not presented
because of very low certainty evidence).

5.1.2 | CRS + HIPEC + systemic
chemotherapy versus systemic chemotherapy

One trial (17 participants) was included in the anal-
ysis.*® CRS + HIPEC + systemic chemotherapy
probably decreases all-cause mortality compared to
systemic chemotherapy (effect estimates not presented
because of high degree of uncertainty in evidence).

5.2 | Ovarian cancer

521 | CRS + HIPEC + systemic
chemotherapy versus CRS + systemic
chemotherapy (stage Ill or above requiring
interval CRS)

Three trials (500 participants) compared CRS +
HIPEC + systemic chemotherapy versus CRS +
systemic chemotherapy.*’~*° For stage Il or greater
ovarian cancer requiring interval cytoreductive surgery,
CRS + HIPEC + systemic chemotherapy probably de-
creases all-cause mortality compared to CRS +
systemic chemotherapy (46:3% in CRS + HIPEC
+ systemic chemotherapy vs. 57-4% in CRS + systemic
chemotherapy; median follow-up 32-70 months; HR
0-73; 95% CI 0-57 to 0-93; 3 trials; 500 participants;
moderate certainty evidence) (Figure 2A). It may resultin
little to no difference in HRQoL (MD 4-85; 95% CI -7-74 to
17-44; 1 trial; 71 participants; moderate certainty evi-
dence) or number of people who developed serious
adverse events compared to CRS + systemic chemo-
therapy (26-7% in CRS + HIPEC + systemic chemo-
therapy vs. 25-:2% in CRS + systemic chemotherapy; RR
1-06; 95% CI 0-73 to 1-54; 2 trials; 316 participants;
moderate certainty evidence) (Figure 2B), although it
probably increases the number of serious adverse
events per participant compared to CRS +
systemic chemotherapy (414 events per 100
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7938 records No additional

identified through records identified
database through other
searching sources
6019 records after duplicates
removed
6019 records 5855 records
screened *| excluded
164 full-text
articles assessed
for eligibility

122 full-text articles excluded

# Not a RCT: 26 records

« Not in people with peritoneal metastases or no separate
data on people with peritoneal metastases: 13 records

@ Primary cancer type not clear: 2 records

@ Not HIPEC + CRS: 7 records

@ Not investigating the effect of HIPEC: 8 records

# Withdrawn due to poor accrual: 1 record

@ Incorrect reference: 1 record

# Ongoing studies: 38 records

@ Additional records of excluded studies: 11

@ Additional records of ongoing studies: 15

8 studies (42
records) included
in qualitative
synthesis

7 studies included
in quantitative
synthesis

FIGURE 1 Study flow diagram. Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; RCT,

randomized control trial.

has not reported the results over an extended period
of time.

6 | DISCUSSION

6.1 | Summary of main results
This systematic review included a total of eight RCTs. A
total of 955 participants in seven RCTs were included in
quantitative analysis. All comparisons other than that
for ovarian cancer contained only one trial.

In people with gastric cancer and peritoneal me-
tastases, there is very low certainty about the effect of

CRS + HIPEC + systemic chemotherapy versus
CRS + systemic chemotherapy or systemic
chemotherapy.

In women with stage lll or greater ovarian cancer
undergoing interval CRS after chemotherapy,
CRS + HIPEC + systemic chemotherapy probably re-
sults in improved survival compared to CRS + systemic
chemotherapy.

In people with peritoneal metastases from colorectal
cancer, the addition of HIPEC to CRS + systemic
chemotherapy probably results in little to no difference
in all-cause mortality or progression-free survival and
results in increased complications compared to
CRS + systemic chemotherapy. In the same patient
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TABLE 2 Risk of bias.

Bias arising Bias due to
from the deviations from
randomization intended
Study name process interventions
Quénet Low risk Low risk
2021%°
Verwaal Low risk Low risk
2003°"
Yang 201144 Some Low risk
concerns
Rudloff 201446 Low risk Low risk
Rau 20214° Some concerns Some concerns
Antonio 2022*7 Low risk Low risk
Van Driel 2018*°  Low risk Low risk
Lim 202248 Low risk Low risk
TABLE 3 Certainty of evidence.
Anticipated absolute effects*
(95% CI)
Risk with
Outcomes Risk with CRS CRS + HIPEC

Colorectal cancer: CRS + HIPEC + systemic chemotherapy versus CRS + systemic chemotherapy

606 per 1000

All-cause mortality
(median follow-up:
64 months)

Serious adverse
events (short-term)

Time to disease
progression
(median follow-up:
64 months)

152 per 1000

841 per 1000

606 per 1000
(444-771)

256 per 1000
(156—420)

812 per 1000
(734-881)

Bias due to
missing
outcome data

Low risk

Low risk

Low risk

Low risk
Low risk
Low risk
Low risk

Low risk

Relative
effect
(95% CI)

HR 1-00
(0-63—
1-58)

RR 1-69
(1-03—
2:77)

HR 0-91
(0-72-
1-16)

Bias in
measurement
of the outcome

Low risk

Low risk

Low risk

Low risk
Low risk
Low risk
Low risk

Low risk

No of

Bias in
selection of the
reported result

Some concerns

Some concerns

Some concerns

Some concerns
Some concerns
Some concerns
Low risk

Some concerns

Certainty of

participants the evidence

(studies)

(GRADE)

Comments

265 (1 RCT) @DDO
Moderate?®

265 (1 RCT) PHOO
Low®P

265 (1 RCT) EB@OO
Low?®P

Overall risk of
bias

Low risk

Low risk

Some concerns

Low risk
Some concerns
Low risk
Low risk

Low risk

Colorectal cancer: CRS + HIPEC + systemic chemotherapy versus systemic chemotherapy alone

All-cause mortality 608 per 1000 402 per 1000 HR 055 105 (1 RCT) ©HPO
(median follow-up: (259-589) (0-32— Moderate®
22 months) 0-95)
Gastric cancer: CRS + HIPEC + systemic chemotherapy versus CRS + systemic chemotherapy
All-cause mortality 971 per 1000 738 per 1000 HR0-38 68 (1RCT) HOOO Another trial including 105
(median follow-up (523-915) (0-21— very participants indicated that
32 months) 0-70) low? there was no difference in
all-cause mortality between
the two groups but could not
be included in the analysis
because the numbers were
not reported in a format
suitable for analysis
Serious adverse 118 per 1000 147 per 1000 RR 125 68 (1 RCT) HOOO
events (short-term) (44-501) (0-37— very
4-26) low?-P:°

(Continues)
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TABLE 3 (Continued)

Anticipated absolute effects*

0,
(95% CI) Relative  No of Certainty of

Risk with effect participants the evidence

Outcomes Risk with CRS  CRS + HIPEC (95% Cl) (studies) (GRADE)

Gastric cancer: CRS + HIPEC + systemic chemotherapy versus systemic chemotherapy alone

All-cause mortality 1000 per 1000 1000 per 1000 HR 040 17 (1 RCT) HPHPO
(minimum follow-up (1000- (0-30- Moderate®
24 months) 1000) 0-52)

Ovarian cancer: CRS + HIPEC + systemic chemotherapy versus CRS + systemic chemotherapy

All-cause mortality 574 per 1000 463 per 1000 HR 0-73 500 (3 RCTs) PP
(median follow-up: (385-547) (0-57- Moderate?®
32-70 months) 0-93)

Health-related quality =~ The mean health- MD 4.85 more - 71 (1 RCT) HPHOO

of life assessed related quality (7.74 fewer Low®P
with: Global health of life was to 17.44
status 69.79 more)

Scale from: 0-100

Mean follow-up:

12 months

Serious adverse 252 per 1000 267 per 1000 RR 106 316 (2RCTs) PHOO
events (proportion) (184-387) (0-73— Low®P
(short-term) 1-54)

Serious adverse 326 per 1000 414 per 1000  Rateratio 184 (1 RCT) ©HPO
events (number per (355—486) 1-27 Moderate®
participant) (short- (1-09-
term) 1-49)

Time to disease 857 per 1000 758 per 1000 HR 073 500 (3 RCTs) @HOO
progression (688-822) (0-60— Low®P
(median follow-up: 0-89)

32-70 months)

Note: Explanations.

Abbreviations: assessment, development and evaluations; CRS, cytoreductive surgery; GRADE, grading of recommendations; HIPEC, hyperthermic

intraperitoneal chemotherapy.

2Downgraded one level for imprecision.

PDowngraded one level for lack of blinding for a subjective outcome.
°Downgraded one level for unclear randomization.

“Downgraded one level for heterogeneity in the results between the study that reported data in analyzable format compared to the trial that did not report data in

analyzable format.

group, the addition of CRS + HIPEC to systemic
chemotherapy probably decreases all-cause mortality
(compared to systemic chemotherapy alone).

The overall HRQoL was assessed only in ovarian
cancer. CRS + HIPEC + systemic chemotherapy may
result in little to no difference in overall HRQoL
compared to CRS + systemic chemotherapy.

6.2 | Controversies in interpretation of
data

Clinical experts in treatment of peritoneal metastases
have raised concerns about the PRODIGE-7 trial.>> We
have discussed in detail the different concerns raised
and why these concerns should not be used as a

justification for not basing clinical practice on PRODIGE-
7 trial in the full article. In summary, we based our clinical
practice recommendations for colorectal peritoneal me-
tastases on PRODIGE-7 trial because the trial was a low
risk of bias trial for the comparison of HIPEC
+ CRS + systemic chemotherapy versus CRS +
systemic chemotherapy, an appropriate analysis was
used to analyze trial data, and there was no other trial of
low of bias comparing HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy.
While the CRS + systemic chemotherapy was not
directly compared with systemic chemotherapy alone,
we recommended CRS + systemic chemotherapy in
people with colorectal peritoneal metastases because of
the lack of any “systemic chemotherapy alone” treat-
ments that provide equivalent median survival as that
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(A) HIPEC +CRS CRS Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Antonio 2022 -0.45 0.34 35 36 132% 0.64 [0.33,1.24]

Lim 2022 -0.14 0.21 92 92 34.7% 0.87 [0.58,1.31] S i
Van Driel 2018 -0.40047757 0.17145564 122 123 521% 0.67 [0.48, 0.94] ——
Total (95% Cl) 249 251 100.0% 0.73 [0.57,0.93] .

Heterogeneity: Tau®= 0.00; Chi*=1.10, df= 2 (P = 0.58); F= 0%
Test for overall effect. Z= 2.56 (P = 0.01)

I n I 1

5 2

. ; 1.5
Favours [HIPEC + CRS] Favours [CRS]

(B) HIPEC +CRS CRS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Antonio 2022 10 35 10 36 251% 1.03[0.49, 2.16) nd
Van Driel 2018 32 122 30 123 74.9% 1.08(0.70,1.65) L
Total (95% Cl) 157 159 100.0% 1.06 [0.73, 1.54] ——e——
Total events 42 40
ity: Tau®= 0.00; Chi*= =1(P=092);F= t t t ;
Heterogeneity: Tau®= 0.00; Chi*=0.01, df=1 (P = 0.92); F= 0% 05 07 15 3

Test for overall effect: Z= 0.32 (P = 0.75)

Favours [HIPEC + CRS] Favours [CRS]

C
( ) HIPEC +CRS CRS Risk Ratio Risk Ratio
Study or Subgroup _ log[Risk Ratio]  SE Total Total IV, Random, 95% CI IV, Random, 95% CI
Lim 2022 0.24 0.08 92 92 1.27 [1.09,1.49) —t

07 i 1.2 15
Favours [HIPEC + CRS] Favours [CRS]

FIGURE 2 Ovarian cancer: CRS + HIPEC + systemic chemotherapy versus CRS + systemic chemotherapy. (A) All-cause mortality.
Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; CRS, cytoreductive surgery; SE, standard error; 95% Cl, 95% confidence
interval. The figure shows that CRS + HIPEC + systemic chemotherapy probably results in lower mortality and disease progression than
CRS + systemic chemotherapy. (B) Serious adverse events (Proportion). Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy;
CRS, cytoreductive surgery; 95% Cl, 95% confidence interval. The figure also shows that there may be little or no differences in the proportion
of participants who developed serious adverse events between CRS + HIPEC + systemic chemotherapy and CRS + systemic
chemotherapy. (C) Serious adverse events (Number per participant). Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy;
CRS, cytoreductive surgery; SE, standard error; 95% CI, 95% confidence interval. The figure also shows that the number of serious adverse
events were probably higher in CRS + HIPEC + systemic chemotherapy compared to CRS -+ systemic chemotherapy.

observed in the control arm (CRS + systemic chemo-
therapy) in the PRODIGE-7 trial.

6.3 | Certainty of evidence

The certainty of evidence was moderate for most
comparisons. Most trials were at low risk of bias for all-
cause mortality. Because of the nature of the compar-
ison, it is not possible to blind the healthcare providers
to the treatment groups. However, as per the RoB 2-0
tool, this does not result in bias because all-cause
mortality is an objective outcome. The main reason
for downgrading the evidence related to imprecision
because of the small sample sizes in the trials and
meta-analysis when relevant.

Overall, the balance of benefits and harms appear
to be favorable for CRS + HIPEC + systemic chemo-
therapy versus CRS + systemic chemotherapy in
ovarian cancer because of improvement in survival with
CRS + HIPEC + systemic chemotherapy but not for
other cancers. The balance of benefits and harms
appear to be against the CRS + HIPEC + systemic
chemotherapy versus CRS + systemic chemotherapy
for colorectal cancer as the HIPEC group had more
serious complications than CRS + systemic

chemotherapy without an improvement in overall sur-
vival. Therefore, we have made strong recommenda-
tions for clinical practice for CRS + HIPEC + systemic
chemotherapy versus CRS + systemic chemotherapy
for ovarian cancers and against CRS + HIPEC
+ systemic chemotherapy for colorectal cancers.

6.4 | Overall completeness and
applicability of evidence

We included only gastric cancer, and ovarian cancer,
colorectal cancer with peritoneal metastases. The par-
ticipants included in the trials were adults who were
likely to withstand major surgery. Most trials excluded
people with extraperitoneal metastases. Therefore,
these results are applicable in only people with me-
tastases confined to the peritoneum.

It should be noted that all trials included in this re-
view included systemic chemotherapy in both arms.
Therefore, the evidence applies to people with perito-
neal metastases receiving systemic chemotherapy.

The clinical recommendations related to
CRS + systemic chemotherapy in colorectal peritoneal
metastases are only applicable in centers with
adequate expertize to select appropriate patients and
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perform CRS + systemic chemotherapy, as all the ev-
idence supporting this treatment was from centers who
were performing this (CRS + systemic chemotherapy)
as part of CRS + HIPEC + systemic chemotherapy.

The results of this research and recommendations
are applicable until the availability of the results of major
new trials.

6.5 | Potential biases in the review
process

We performed a thorough search of literature. Two re-
viewers independently identified studies and extracted
data. We followed the standard methodology for
analyzing the data. These are the strengths of the re-
view process.

We were unable to obtain IPD as planned. IPD
would have allowed us to refine our effect estimates for
subgroups of people with peritoneal metastases from
colorectal, gastric, or ovarian cancer. It is difficult to
estimate whether our conclusions would have changed
if we had IPD; however, our systematic review and
meta-analysis supports similar conclusions as the trial
authors, suggesting that the impact of IPD may not be
major enough to warrant an IPD once the health ser-
vices have recovered from the impact of COVID-19.

6.6 | Agreements and disagreements
with other studies or reviews

This is the first systematic review on this topic. We
agree with the individual study authors for all the
comparisons.

For gastric cancer, we have indicated no recom-
mendation as compared to the Italian Association of
Medical oncology guidelines of strong recommendation
against the use of CRS + HIPEC + systemic chemo-
therapy.®® Some potential reasons for the differences in
recommendation may be differences in methodology.
There were some differences in the estimation of haz-
ard ratios of survival. However, even if we used the
effect estimates used by methodologists involved in
Italian Association of Medical oncology guidelines, our
conclusions about uncertainty in evidence with gastric
cancer would not have changed. The difference is likely
to be due to the consideration of information from non-
randomized studies in the recommendation by the
Italian Association of Medical oncology guidelines. In
practical terms though, in a state-funded healthcare
system, our recommendations and those recom-
mended by ltalian Association of Medical oncology
guidelines lead to the same result, that is, patients are
not offered CRS + HIPEC + systemic chemotherapy
routinely in clinical practice.

For colorectal cancers, we agree with the recent
ESMO (European Society for Medical Oncology) Clin-
ical Practice Guideline on metastatic colorectal cancer
which suggested that HIPEC for colorectal peritoneal
metastases should only be considered as part of well-
designed clinical trials and CRS + systemic chemo-
therapy should be considered as the treatment of
choice.®* We also agree with the recent ASCO (Amer-
ican Society of Clinical Oncology) guidelines on the
treatment of metastatic colorectal cancer, which rec-
ommended against the routine clinical use (i.e., outside
well-designed clinical trials) of CRS + HIPEC +
systemic chemotherapy in people with colorectal peri-
toneal metastases.>®

The ASCO guidelines provided a weak recommen-
dation in favor of CRS + systemic chemotherapy for
this group of patients while we have provided a strong
recommendation in favor of CRS + systemic chemo-
therapy. The differences in the strength of recommen-
dation is because of the following reason. Moderate
certainty evidence indicated that CRS + HIPEC +
systemic chemotherapy improved survival compared to
systemic chemotherapy alone. While we acknowledge
that the systemic chemotherapy used in the compari-
son of HIPEC 4 CRS + systemic chemotherapy is not
the current treatment regimen used for disseminated
colorectal cancers and the comparison was between
HIPEC 4+ CRS + systemic chemotherapy versus sys-
temic chemotherapy alone (rather than CRS + syste
mic chemotherapy vs. systemic chemotherapy alone),
the survival in the control arm of PRODIGE-7 suggests
that using CRS + systemic chemotherapy can result in
median survival of 41 months; the median survival of
disseminated colorectal cancers in England between
2013 and 2017 was less than one year.*® This is indi-
rect evidence for the survival benefit of CRS + systemic
chemotherapy compared to systemic chemotherapy
alone. However, because of the indirectness in evi-
dence, the certainty of evidence will be downgraded to
low. There are some situations that strong recommen-
dations can be made using GRADE system despite low
certainty evidence. As low certainty evidence suggests
considerable survival benefit with CRS + systemic
chemotherapy in a situation with very poor survival in
the absence of CRS, we have made a strong recom-
mendation for CRS + systemic chemotherapy when
adequate expertize is available.

7 | CONCLUSIONS

The role of CRS + HIPEC in gastric peritoneal metas-
tases is uncertain. CRS + systemic chemotherapy
should be standard of care for people with colorectal
peritoneal metastases, with HIPEC given only as part of
a randomized clinical trial focusing on subgroups and
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regimes. CRS + HIPEC should be standard of care in
women with stage Il or greater epithelial ovarian can-
cer undergoing interval CRS. Further well-designed
RCTs are necessary.
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SUPPORTING INFORMATION

Additional supporting information can be found online in
the Supporting Information section at the end of this
article.

APPENDIX A: SEARCH STRATEGIES

Medline
1. Hyperthermia, Induced/
2. ((hyperthermic or heated) adj3 (intraperitoneal or

intra-peritoneal) adj3 (chemotherapy or chemo-

therapies)).ti,ab.

(intraperitoneal adj3 chemohyperthermia).ti,ab.

. (HIPEC or IPHC or HIIC).ti,ab.

.1or2or3or4

. Cytoreduction Surgical Procedures/

((cytoreductive or cytoreduction or debulking) adj3

(surgery or surgeries or surgical or procedure or

procedures)).ti,ab.

8. 6or7
9.50r8

10. exp Colorectal Neoplasms/

11. exp Ovarian Neoplasms/

12. Stomach Neoplasms/

13. ((colorectal or bowel or colon or colonic or rectum
or rectal or ovary or ovaries or ovarian or gastric or
stomach) adj3 (cancer or cancers or carcinoma or
carcinomas or tumor or tumors or tumor or tumors
or neoplasm or neoplasms)).ti,ab.

14. 10 or 11 or 12 or 13

15. 9 and 14

16. randomised controlled trial.pt.

17. Controlled clinical trial.pt.

18. randomised.ab.

19. placebo.ab.

20. drug therapy.fs.

21. randomly.ab.

22. trial.ab.

23. groups.ab.

24. 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23

25. exp animals/not humans.sh.

26. 24 not 25

27. 15 and 26

28. (cost: or cost benefit analys: or health care
costs).mp.

29. 15 and 28

30. 27 or 29

~No oA w

Embase

1. hyperthermic intraperitoneal chemotherapy/

2. ((hyperthermic or heated) adj3 (intraperitoneal or
intra-peritoneal) adj3 (chemotherapy or chemo-
therapies)).ti,ab.

3. (intraperitoneal adj3 chemohyperthermia).ti,ab.

No ok

15.
16.
17.

18.

19.
20.
21.
22.
23.

(HIPEC or IPHC or HIIC).ti,ab.

1or2or3or4

cytoreductive surgery/

((cytoreductive or cytoreduction or debulking) ad;j3
(surgery or surgeries or surgical or procedure or
procedures)).ti,ab.

6or7

.50r8
10.
11.
12.
13.
14.

exp colon cancer/

exp rectum cancer/

exp ovary cancer/

exp stomach cancer/

((colorectal or bowel or colon or colonic or rectum
or rectal or ovary or ovaries or ovarian or gastric or
stomach) adj3 (cancer or cancers or carcinoma or
carcinomas or tumor or tumors or tumor or tumors
or neoplasm or neoplasms)).ti,ab.

10 or 11 or 12 or 13 or 14

9 and 15

exp crossover-procedure/or exp double-blind pro-
cedure/or exp randomised controlled trial/or single-
blind procedure/

(((((random* or factorial* or crossover* or cross
over* or cross-over* or placebo* or double*) adj
blind*) or single*) adj blind*) or assign™ or ervice* or
volunteer®).af.

17 or 18

16 and 19

(cost or costs).tw.

16 and 21

20 or 22

Cochrane

1.

o0k w

MeSH descriptor: [Hyperthermia, Induced] this
term only

((hyperthermic or heated) near/3 (intraperitoneal or
intra-peritoneal) near/3  (chemotherapy or
chemotherapies))

(intraperitoneal near/3 chemohyperthermia)
(HIPEC or IPHC or HIIC)

#1 or #2 or #3 or #4

MeSH descriptor: [Cytoreduction Surgical Proced-
ures] this term only

((cytoreductive or cytoreduction or debulking) near/
3 (surgery or surgeries or surgical or procedure or
procedures))

#6 or #7

#5 or #8

. MeSH descriptor: [Colorectal Neoplasms] explode

all trees

. MeSH descriptor: [Ovarian Neoplasms] explode all

trees

. MeSH descriptor: [Stomach Neoplasms] this term

only

. ((colorectal or bowel or colon or colonic or rectum

or rectal or ovary or ovaries or ovarian or gastric or
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stomach) near/3 (cancer or cancers or carcinoma
or carcinomas or tumor or tumors or tumor or tu-
mors or neoplasm or neoplasms))

14. #10 or #11 or #12 or #13

15. #9 and #14

Science citation index

1. TS=((hyperthermic or heated) near/3 (intraperito-

neal or intra-peritoneal) near/3 (chemotherapy or

chemotherapies))

TS=(intraperitoneal near/3 chemohyperthermia)

TS=(HIPEC or IPHC or HIIC)

#3 OR #2 OR #1

TS=((cytoreductive or cytoreduction or debulking)

near/3 (surgery or surger-ies or surgical or proced-

ure or procedures))

#5 or #4

. TS=((colorectal or bowel or colon or colonic or
rectum or rectal or ovary or ovaries or ovarian or
gastric or stomach) near/3 (cancer or cancers or
carci-noma or carcinomas or tumor or tumors or
tumor or tumors or neoplasm or neoplasms))

8. TS=(random* or placebo* or blind* or meta-analysis

or cost or costs)
9. #8 AND #7 AND #6

aorOD

No

WHO trials register

Condition: colorectal OR bowel OR colon OR colonic
OR rectum OR rectal OR ovary OR ovaries OR ovarian
OR gastric OR stomach.

APPENDIX B
TABLE B1
Type of
Study primary
name cancer HIPEC
Quénet Colorectal HIPEC was administered with either the
2021°° cancer closed or open abdomen techniques

according to each center's standard
approach. In both approaches,
systemic chemotherapy (400 mg/m?
fluorouracil and 20 mg/m? folinic acid)
was delivered intravenously 20 min
before intraperitoneal infusion of
oxaliplatin (460 mg/m? if the open
technique was used and 360 mg/m? if
the closed technique was used) in 2 L/
m? of dextrose at 43°C over 30 min.

Systemic chemotherapy

The chemotherapy and targeted therapy

Intervention: HIPEC OR hyperthermic intraperito-
neal chemotherapy OR IPHC OR intraperitoneal che-
mohyperthermia OR HIIC OR heated intraoperative
intraperitoneal chemotherapy OR cytoreductive surgery
OR CRS.

ClinicalTrials.gov

Condition: colorectal OR bowel OR colon OR colonic
OR rectum OR rectal OR ovary OR ovaries OR ovarian
OR gastric OR stomach.

Study Type: Interventional Studies (Clinical Trials).

Intervention/treatment: HIPEC OR hyperthermic
intraperitoneal chemotherapy OR IPHC OR intraperito-
neal chemohyperthermia OR HIIC OR heated intraope-
rative intraperitoneal chemotherapy OR CRS OR CRS.

Interventional studies, phase 2,3,4.

Interventional Studies | colorectal OR bowel OR
colon OR colonic OR rectum OR rectal OR ovary OR
ovaries OR ovarian OR gastric OR stomach | HIPEC
OR hyperthermic intraperitoneal chemotherapy OR
IPHC OR intraperitoneal chemohyperthermia OR HIIC
OR heated intraoperative intraperitoneal chemotherapy
OR CRS OR CRS | Phase 2, 3, 4

Cost-effectiveness analysis (CEA) registry
The following terms were searched:
Hyperthermic

Cytoreduction
Cytoreductive

Details of hyperthermic intraoperative peritoneal chemotherapy and systemic chemotherapy received.

Was systemic
chemotherapy given
pre-operatively

219/265 (82-6%) received
pre-operative
chemotherapy

regimens used were at investigators'
discretion. 110 patients in
cytoreductive surgery plus HIPEC
group and 109 in the cytoreductive
surgery alone group were treated with
preoperative chemotherapy. Patients
in both groups received a median of six
cycles of preoperative chemotherapy.
48 (44%) of 133 patients in the HIPEC
group and 46 (42%) of patients in the
surgery only group received
preoperative oxaliplatin-based
treatment.

(Continues)
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TABLE B1

Study
name

Verwaal
2003°"

Yang
20114

(Continued)

Type of
primary
cancer

Colorectal
cancer

Gastric
cancer

HIPEC

To increase the volume of the abdominal
cavity and to prevent spillage of lavage
fluid, the skin of the laparotomy wound
was pulled up against a retractor. A
plastic sheet covered the laparotomy
opening to reduce heat loss and to
avoid drug spilling. A central aperture
was made to allow manipulation to
achieve optimal drug and heat
distribution. The perfusion circuit
consisted of a centrally placed inflow
catheter, outflow catheters, placement
in the pelvis below left and right
diaphragm, a roller pump, and a heat
exchanger. Temperature probes were
attached to inflow and outflow
catheters. Perfusion was started with a
minimum of 3 L of isotonic dialysis
fluid, at 1-2 L/min, and an inflow
temperature of 41°C—42°C. As soon as
the temperature in the abdomen was
stable above 40°C, MMC (mitomycin)
was added to the perfusate at a dose of
17-5 mg/m? followed by 8:8 mg/m?
every 30 min. The total dose was
limited to 70 mg at maximum. If the
core temperature exceeded 39°C, the
inflow temperature was reduced. After
90 min, the perfusion fluid was drained
from the abdomen, and bowel
continuity was restored.

After surgery, HIPEC was performed
before closure of abdominal cavity, as
this open technique is believed to
provide optimal thermal homogeneity
and spatial diffusion, with 120 mg of
cisplatin and 30 mg of mitomycin C
each dissolved 6 | of heated saline
(drug concentration cisplatin 20 Ig/mL,
mitomycin C 5 Ig/mL). An outflow tube
for perfusion was placed in Douglas'
pouch just before HIPEC. The heated
perfusion solution was infused into the
peritoneal cavity at a rate of 500 mL/
min through the inflow tube introduced
from an automatic hyperthermia
chemotherapy perfusion device (ES-
6001, Wuhan E-sea Digital
engineering, Wuhan, China). The skin
of the abdomen is attached to a
retractor ring and a plastic sheet
covered the open wound to keep the
temperature stable. The perfusion in
the peritoneal cavity was stirred
manually with care not to infuse directly
on the bowel surface. The temperature
of the perfusion solution in peritoneal
space was kept at 43-0 + 0-5°C and
monitored with a thermometer on real
time. The total HIPEC time was 60—

Systemic chemotherapy

Chemotherapy was given in the local
setting, usually by the patients' own
medical oncologist, and consisted of
fluorouracil (intravenous [IV] push-
dose of 400 mg/m?) and leucovorin (IV
80 mg/m?) on an outpatient basis
(modified Laufman regimen).
Treatment was given weekly for
26 weeks, or until progression, death,
or unacceptable toxicity.

Not stated

Was systemic
chemotherapy given
pre-operatively

No

Not stated
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TABLE B1

Study
name

Rau
20214°

Rudloff
20144

Van Diriel
2018%°

(Continued)

Type of
primary
cancer

Gastric
cancer

Gastric
cancer

Ovarian
cancer

HIPEC

90 min, after which the perfusion
solution in the abdominal cavity was
removed through the suction tube, and
drainage tubes were placed at
appropriate sites depending on the
type of primary operation.

CRS + The HIPEC treatment consisted of
mitomycin C 15 mg/m? and Cisplatin
75 mg/m2, in 5 L of saline (60 min,
42°C)

Hyperthermic intraperitoneal
chemotherapy (HIPEC) was
administered using a closed circuit of
oxaliplatin solution at 460 mg/m? in 5%
dextrose in water (D5W) at 41°C for
30 min. Prior to perfusion a single dose
each of fluorouracil (5-FU) 400 mg/m?
IV in 50 mL D5W and leucovorin
20 mg/m? IV in 50 mL D5W were
administered over 5 min to enhance
the effect of regional oxaliplatin
delivered IP. The perfusion flow rate
was then maintained at ~2-:0 L/min and
a perfusate volume, which moderately
distends the abdominal cavity,
correlating with intraabdominal
pressures of 5-15 mm Hg (20 L/m?).

HIPEC was administered at the end of the
cytoreductive surgical procedure with
the use of the open technique. In brief,
the abdomen was filled with saline that
circulated continuously with the use of
a roller pump through a heat
exchanger. By circulation of the heated
saline, an intraabdominal temperature
of 40°C (104°F) was maintained.
Perfusion with cisplatin at a dose of
100 mg per square meter and at a flow
rate of 1 L per minute was then initiated
(with 50% of the dose perfused initially,

Systemic chemotherapy

Preoperative chemotherapy 3 cycles, each
cycle 21 days. Patients with negative or
unknown HER-2 status receive
epirubicin 50 mg/m? infusion
(maximum 100 mg/d). Oxaliplatin
130 mg/m? infusion (maximum 260 mg/
d) and capecitabine oral 625 mg/m?
two times a day (maximum 2500 mg/d).

Patients with positive HER-2 status
received.

Cisplatin: 80 mg/m? infusion (maximum of
160 mg/d). Capecitabine: Oral
1000 mg/m? (two times a day
maximum of 4000 mg/d), on day 1-14.

Trastuzumab: 8 mg/kg infusion (on cycle 1
and 6 mg/kg on cycle 2 and 3).

4-12 weeks after surgery, 3 cycles of
postoperative chemotherapy were
applied.

Within 14 days of study randomization
patients began FOLFIXIRI treatment
(in the systemic chemotherapy arm; in
the CRS + HIPEC arm, systemic
chemotherapy was started within
8 weeks of surgical resection).
Systemic chemotherapy was
administered once every 14 days, and
repeated for 12 cycles (approximately
6 months). On treatment day #1
irinotecan was administered IV over
90 min followed by leucovorin and
oxaliplatin, given concomitantly over
2 h, followed by 5-FU given via
continuous infusion (CIV) over 48 h.

Patients received three cycles of
neoadjuvant chemotherapy with
carboplatin (area under the curve of 5—
6 mg per milliliter per minute) and
paclitaxel (175 mg per square meter of
body-surface area). Patients received
an additional three cycles of
carboplatin and paclitaxel after
surgery.

Was systemic

chemotherapy given
pre-operatively

Yes

No

Yes

(Continues)
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TABLE B1

Study
name

Antonio
202247

Lim
202248

(Continued)

Type of
primary
cancer

Ovarian
cancer

Ovarian
cancer

HIPEC

25% at 30 min, and 25% at 60 min).
The perfusion volume was adjusted
such that the entire abdomen was
exposed to the perfusate. The HIPEC
procedure took 120 min in total,
including the 90-min perfusion period.
At the end of the perfusion, drains were
used to empty the abdominal cavity as
completely as possible. To prevent
nephrotoxicity, sodium thiosulphate
was administered at the start of
perfusion as an intravenous bolus (9 g
per square meter in 200 mL), followed
by a continuous infusion (12 g per
square meter in 1000 mL) over 6 h.

At the end of the surgery, HIPEC was
administered by the open technique
(Coliseum) to the patients of the
experimental arm according to the
following scheme: Cisplatin 75 mg/m?
diluted for perfusion in 3 L of dialysis
fluid (Dialisan, Shanghai Plop medical
technology Co., Ltd. China), with
circulation maintained in a constant
flow of 0-5 to 0-7 L/min longer than
60 min. Two intra-abdominal
thermometers positioned in the pelvis
and diaphragmatic area were used to
monitor the temperature during
perfusion, with maintenance of a
constant temperature between 42 and
43-8°C. During the intervention, the
temperature was strictly controlled
through an esophageal thermometer,
with the objective of keeping the patient
normothermic (37-:8°C), using physical
measures and serotherapy

Intraoperative HIPEC (75 mg/m? of
cisplatin) was perfused through a
closed technique with a target
temperature of 41-5°C for 90 min using
the Belmont hyperthermia pump
system (Belmont instrument
Corporation), women randomized to
the HIPEC group received blanket
cooling, intravenous cold fluid
hydration, and ice pack application
over the head before and during
HIPEC procedures. After the
cytoreductive and reconstructive
surgical procedures, 2 inflow and 2
outflow tubes were placed in the pelvic
cavity and in the subdiaphragmatic
space, respectively. The abdominal
wall was closed in layers with a water-
tight fit, and 0.9% normal saline was
injected into the closed abdominal
cavity. After smooth circulation to and
from the HIPEC pump was confirmed,

Was systemic
chemotherapy given

Systemic chemotherapy pre-operatively

All the patients were treated with a Yes
minimum of three cycles of systemic
NACT with carboplatin (AUC 5) and
paclitaxel (175 mg/m?) before surgery.
After recovery and hospital discharge,
up to six cycles of systemic adjuvant
chemotherapy were completed per
patient with the same carboplatin and
paclitaxel scheme.

During postoperative recovery, if the
patients could tolerate a general diet
without evidence of active infection and
with an acceptable clinical condition to
sustain chemotherapy, we
administered 6 cycles of intravenous
paclitaxel and carboplatin in both
groups.

77/184 (41-8%) received
pre-operative
chemotherapy

35UBD17 SUOLILWIOD dAIEaID d|dedl|dde auy Aq peutenoh ale sapilie YO ‘9sh Jo sani oy AriqiauljuQ A8|IAA UO (SUO1IPUOD-pUe-SWLIB)I0D AB | 1M AR 1BUI|UO//SANY) SUOIHIPUOD pue SWd | 8U1 39S *[7202/S0/S0] uo Akeldi auljuQ A1 ‘so1nls ArlqiT DN uopuo afe|oD AlsieAlun Ag 98TZT'SIM/Z00T 0T/I0p/wod A3 1M Afeiq ijpul|uo//:sdny wolj papeojumoq ‘0 ‘€2€2ZErT



WORLD JOURNAL OF SURGERY

19

TABLE B1 (Continued)

Type of
Study primary
name cancer

HIPEC

the chemotherapeutic agent was mixed
with the circulating fluid. During the 90-
min HIPEC perfusion procedure, the
patients were gently shaken from side
to side to ensure even distribution of
the chemotherapeutic agent within the
peritoneal cavity. Sodium thiosulfate
was not used in the initial 71 cases,
given the low incidence of serum
creatinine elevation in the phase 2
study. However, in the remaining 21
patients, 4 g/m2 of sodium thiosulfate
was administered as a bolus infusion
immediately before HIPEC, and 12 g/
m2 was administered over 6 h during
and after the HIPEC procedures.

Systemic chemotherapy

Was systemic
chemotherapy given
pre-operatively

Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; NACT, Neoadjuvant chemotherapy.

TABLE B2 Summary of hyperthermic intraoperative peritoneal chemotherapy performed.

Type of primary

Study name cancer

Drugs

Temperature
(centigrade)

Quénet Colorectal cancer  Oxaliplatin (IP) + IV fluorouracil + IV~ 43°
2021°%° folinic acid

Verwaal Colorectal cancer ~ Mitomycin 41-42°
2003

Yang Gastric cancer Cisplatin + 43°
201144 mitomycin

Rau 2021%°  Gastric cancer Cisplatin + mitomycin 42°

Rudloff Gastric cancer Oxaliplatin (IP) + IV fluorouracil + IV~ 41°
20144 folinic acid

Van Driel Ovarian cancer Cisplatin 40°
2018%°

Antonio Ovarian cancer Cisplatin 42—-438°
202247

Lim 2022 Ovarian cancer Cisplatin 41.5°

Duration

30 min

90 min

60—90 min

60 min
30 min

90 min

60 min

90 min

Technique (open or
closed)

Either

Open

Open

Not stated
Closed

Open

Open

Closed
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