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Abstract

Hyperthermic intraoperative peritoneal chemotherapy and
cytoreductive surgery for people with peritoneal metastases: a
systematic review and cost-effectiveness analysis

Kurinchi Gurusamy®,?” Jeffrey Leung®,! Claire Vale®,! Danielle Roberts®,*
Audrey Linden®,! Xiao Wei Tan®,! Priyal Taribagil®,* Sonam Patel®,!
Elena Pizzo®,! Brian Davidson®,! Tim Mould®,? Mark Saunders®,?

Omer Aziz®3*# and Sarah O’'Dwyer®34

Division of Surgery and Interventional Science, University College London, London, UK

2Department of Gynaecological Oncology, University College London NHS Foundation Trust, London, UK
3Colorectal and Peritoneal Oncology Centre, The Christie NHS Foundation Trust, Manchester, UK
4Institute of Cancer Sciences, University of Manchester, Manchester, UK

"Corresponding author k.gurusamy@ucl.ac.uk

Background: We compared the relative benefits, harms and cost-effectiveness of hyperthermic
intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic chemotherapy versus
cytoreductive surgery + systemic chemotherapy or systemic chemotherapy alone in people with
peritoneal metastases from colorectal, gastric or ovarian cancers by a systematic review, meta-analysis
and model-based cost-utility analysis.

Methods: We searched MEDLINE, EMBASE, Cochrane Library and the Science Citation Index,
ClinicalTrials.gov and WHO ICTRP trial registers until 14 April 2022. We included only randomised
controlled trials addressing the research objectives. We used the Cochrane risk of bias tool version 2

to assess the risk of bias in randomised controlled trials. We used the random-effects model for data
synthesis when applicable. For the cost-effectiveness analysis, we performed a model-based cost-utility
analysis using methods recommended by The National Institute for Health and Care Excellence.

Results: The systematic review included a total of eight randomised controlled trials (seven randomised
controlled trials, 955 participants included in the quantitative analysis). All comparisons other than
those for stage Il or greater epithelial ovarian cancer contained only one trial, indicating the paucity of
randomised controlled trials that provided data.

For colorectal cancer, hyperthermic intraoperative peritoneal chemotherapy + cytoreductive surgery +
systemic chemotherapy probably results in little to no difference in all-cause mortality (60.6% vs. 60.6%;
hazard ratio 1.00, 95% confidence interval 0.63 to 1.58) and may increase the serious adverse event
proportions compared to cytoreductive surgery + systemic chemotherapy (25.6% vs. 15.2%; risk ratio
1.69, 95% confidence interval 1.03 to 2.77). Hyperthermic intraoperative peritoneal chemotherapy +
cytoreductive surgery + systemic chemotherapy probably decreases all-cause mortality compared to
fluorouracil-based systemic chemotherapy alone (40.8% vs. 60.8%; hazard ratio 0.55, 95% confidence
interval 0.32 to 0.95).
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ABSTRACT

For gastric cancer, there is high uncertainty about the effects of hyperthermic intraoperative peritoneal
chemotherapy + cytoreductive surgery + systemic chemotherapy versus cytoreductive surgery +
systemic chemotherapy or systemic chemotherapy alone on all-cause mortality.

For stage Il or greater epithelial ovarian cancer undergoing interval cytoreductive surgery, hyperthermic
intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic chemotherapy probably
decreases all-cause mortality compared to cytoreductive surgery + systemic chemotherapy (46.3% vs.
57.4%; hazard ratio 0.73, 95% confidence interval 0.57 to 0.93).

Hyperthermic intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic
chemotherapy may not be cost-effective versus cytoreductive surgery + systemic chemotherapy for
colorectal cancer but may be cost-effective for the remaining comparisons.

Limitations: We were unable to obtain individual participant data as planned. The limited number of
randomised controlled trials for each comparison and the paucity of data on health-related quality of
life mean that the recommendations may change as new evidence (from trials with a low risk of bias)
emerges.

Conclusions: In people with peritoneal metastases from colorectal cancer with limited peritoneal
metastases and who are likely to withstand major surgery, hyperthermic intraoperative peritoneal
chemotherapy + cytoreductive surgery + systemic chemotherapy should not be used in routine clinical
practice (strong recommendation).

There is considerable uncertainty as to whether hyperthermic intraoperative peritoneal chemotherapy
+ cytoreductive surgery + systemic chemotherapy or cytoreductive surgery + systemic chemotherapy
should be offered to patients with gastric cancer and peritoneal metastases (ho recommendation).

Hyperthermic intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic
chemotherapy should be offered routinely to women with stage Il or greater epithelial ovarian cancer
and metastases confined to the abdomen requiring and likely to withstand interval cytoreductive surgery
after chemotherapy (strong recommendation).

Future work: More randomised controlled trials are necessary.

Study registration: This study is registered as PROSPERO CRD42019130504.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR)
Health Technology Assessment programme (NIHR award ref: 17/135/02) and is published in full in

Health Technology Assessment; Vol. 28, No. 51. See the NIHR Funding and Awards website for further
award information.
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Plain language summary

What was the question?

Cancers of the bowel, ovary or stomach can spread to the lining of the abdomen (‘peritoneal
metastases’). Chemotherapy (the use of drugs that aim to kill cancer cells) given by injection or tablets
(‘systemic chemotherapy’) is one of the main treatment options. There is uncertainty about whether
adding cytoreductive surgery (cytoreductive surgery; an operation to remove the cancer) and
‘hyperthermic intraoperative peritoneal chemotherapy’ (warm chemotherapy delivered into the lining of
the abdomen during cytoreductive surgery) are beneficial.

What did we do?

We reviewed all the information from medical literature published until 14 April 2022, to answer the
above uncertainty.

What did we find?

We found the following from eight trials, including about 1000 participants.

1. In people with peritoneal metastases from bowel cancer, hyperthermic intraoperative peritoneal
chemotherapy + cytoreductive surgery + systemic chemotherapy probably does not provide any
benefits and increases harm compared to cytoreductive surgery + systemic chemotherapy, while
cytoreductive surgery + systemic chemotherapy appears to increase survival compared to systemic
chemotherapy alone.

2. There is uncertainty about the best treatment for people with peritoneal metastases from stomach
cancer.

3. In women with peritoneal metastases from ovarian cancer who require systemic chemotherapy be-
fore cytoreductive surgery to shrink the cancer to allow surgery (‘advanced ovarian cancer’), hyper-
thermic intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic chemotherapy
probably increases survival compared to cytoreductive surgery + systemic chemotherapy.

What does this mean?

In people who can withstand a major operation and in whom cancer can be removed, cytoreductive
surgery + systemic chemotherapy should be offered to people with peritoneal metastases from bowel
cancer, while hyperthermic intraoperative peritoneal chemotherapy + cytoreductive surgery + systemic
chemotherapy should be offered to women with peritoneal metastases from ‘advanced ovarian cancer’.
Uncertainty in treatment continues for gastric cancer.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Health Technology
Assessment programme (NIHR award ref: 17/135/02) and is published in full in Health Technology
Assessment; Vol. 28, No. 51. See the NIHR Funding and Awards website for further award information.
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Scientific summary

Background

There is uncertainty about whether hyperthermic intraoperative peritoneal chemotherapy (HIPEC) with
cytoreductive surgery (CRS) improves survival and/or quality of life (QoL) compared to CRS or no
treatment in addition to systemic chemotherapy in people with peritoneal metastases who can
withstand major surgery.

Objectives

Primary objectives

To compare the relative benefits and harms of HIPEC + CRS + systemic chemotherapy versus CRS +
systemic chemotherapy or systemic chemotherapy alone in people with peritoneal metastases from
colorectal, gastric or stage Il or greater epithelial ovarian cancers eligible to undergo HIPEC + CRS by a
systematic review and meta-analysis.

Secondary objectives

To compare the cost-effectiveness of HIPEC + CRS + systemic chemotherapy versus CRS + systemic
chemotherapy or systemic chemotherapy alone from the NHS and personal social services (PSS)
perspective using a model-based cost-utility analysis.

Methods

We performed a systematic review of literature by searching MEDLINE, EMBASE, Cochrane Library,
Science Citation Index, Conference Proceedings Citation Index, as well as trial registers until 14 April
2022. We followed the standard guidance for performing a high-quality systematic review and meta-
analysis. We included only randomised controlled trials (RCTs) and assessed the risk of bias using Risk of
Bias version 2.0 (ROB 2.0). We were unable to perform an individual participant data (IPD) meta-analysis
as planned because of unforeseen circumstances related to coronavirus disease 2019 (COVID-19). This
led to trialists who were also clinical researchers being unable to engage for transfer of IPD. We did not
foresee that study authors (surgeons) would be sufficiently engaged with providing IPD soon because of
the backlog with surgeries and the fatigue induced by COVID-19. Therefore, we performed a meta-
analysis based on aggregate data. We calculated the hazard ratio (HR), risk ratio (RR), rate ratio or mean
difference (MD) with 95% confidence intervals (Cls) as appropriate. When applicable, we performed
meta-analysis using the random-effects model using Review Manager 5.4. We used GRADE guidance to
assess the certainty of evidence and determine the strength of recommendations.

For the cost-effectiveness analysis, we performed a model-based cost-utility analysis using methods
recommended by The National Institute for Health and Care Excellence (NICE). We estimated the costs
and quality-adjusted life-years (QALYs) per patient using lifetime horizon. We calculated the incremental
net monetary benefit (incremental NMB) for each comparison based on deterministic analysis and
probabilistic sensitivity analysis (PSA). We also performed univariate sensitivity analysis and value of
information analysis.

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.

XXi



XXii

SCIENTIFIC SUMMARY

Results

The systematic review included a total of eight RCTs. A total of 955 participants in seven RCTs were
included in the quantitative analysis. All comparisons other than those of ovarian cancer contained only
one trial.

For colorectal cancer, HIPEC + CRS + systemic chemotherapy probably results in little to no difference in
all-cause mortality (60.6% in HIPEC + CRS + systemic chemotherapy vs. 60.6% in CRS + systemic
chemotherapy; median follow-up 64 months; HR 1.00, 95% Cl 0.63 to 1.58; one trial; 265 participants;
moderate-certainty evidence) and may increase the number of people who developed serious adverse
events compared to CRS +/- systemic chemotherapy (25.6% in HIPEC + CRS + systemic chemotherapy
vs. 15.2% in CRS + systemic chemotherapy; RR 1.69, 95% CIl 1.03 to 2.77; one trial; 265 participants;
low-certainty evidence). HIPEC + CRS + systemic chemotherapy probably decreases all-cause mortality
compared to fluorouracil-based systemic chemotherapy alone (40.8% in HIPEC + CRS + systemic
chemotherapy vs. 60.8% in systemic chemotherapy alone; median follow-up 22 months; HR 0.55, 95%
Cl1 0.32 to 0.95; one trial; 105 participants; moderate-certainty evidence).

For gastric cancer, there is high uncertainty about the effect of HIPEC + CRS + systemic chemotherapy
versus CRS + systemic chemotherapy on all-cause mortality (effect estimates not presented because of
very low-certainty evidence). HIPEC + CRS + systemic chemotherapy probably decreases all-cause
mortality compared to systemic chemotherapy (40.8% in HIPEC + CRS + systemic chemotherapy vs.
100% in systemic chemotherapy alone; minimum follow-up 24 months; HR 0.40, 95% CI 0.30 to 0.52;
one trial; 17 participants; moderate-certainty evidence).

For stage Il or greater epithelial ovarian cancer requiring interval CRS, HIPEC + CRS + systemic
chemotherapy probably decreases all-cause mortality compared to CRS + systemic chemotherapy
(46.3% in HIPEC + CRS + 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; three trials; 500 participants; moderate-
certainty evidence). It may result in little to no difference in health-related quality of life (HRQoL) (MD
4.85,95% Cl -7.74 to 17.44; one trial; 71 participants; moderate-certainty evidence) or number of
people who developed serious adverse events compared to CRS + systemic chemotherapy (26.7% in
HIPEC + CRS + systemic chemotherapy vs. 25.2% in CRS + systemic chemotherapy; RR 1.06, 95% CI
0.73 to 1.54; two trials; 316 participants; moderate-certainty evidence), although it probably increases
the number of serious adverse events per participant compared to CRS + systemic chemotherapy (41.4
events per 100 participants in HIPEC + CRS + systemic chemotherapy vs. 32.6 events per 100
participants in CRS + systemic chemotherapy; rate ratio 1.27, 95% CI 1.09 to 1.49; one trial; 184
participants; moderate-certainty evidence).

The cost-effectiveness analysis included the five comparisons described above: HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy for each of the colorectal, gastric and ovarian
cancers and HIPEC + CRS + systemic chemotherapy versus systemic chemotherapy alone for each of the
colorectal and gastric cancers.

In people with colorectal peritoneal metastases, the incremental NMBs at willingness to pay (WTP) of
£20,000 and £30,000 were -£6162.83 and -£6164.19, respectively, indicating that HIPEC + CRS +
systemic chemotherapy was not cost-effective compared to CRS + systemic chemotherapy in NHS. The
likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS + systemic
chemotherapy was 46.5% and 47.6% at WTP of £20,000 and £30,000, respectively. In the same group
of people, the incremental NMBs at WTP of £20,000 and £30,000 were £107,909.46 and £167,621.58,
respectively, indicating that HIPEC + CRS + systemic chemotherapy may be cost-effective compared to
systemic chemotherapy alone in NHS. The likelihood of HIPEC + CRS + systemic chemotherapy being
cost-effective compared to systemic chemotherapy alone was 89.3% and 90.3% at WTP of £20,000 and
£30,000, respectively.
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In people with gastric peritoneal metastases, the incremental NMBs at WTP of £20,000 and £30,000
were £14,174.73 and £22,955.89, respectively, for HIPEC + CRS + systemic chemotherapy versus CRS
+ systemic chemotherapy and £81,796.38 and £127,768.23, respectively, for HIPEC + CRS + systemic
chemotherapy versus systemic chemotherapy, indicating that HIPEC + CRS + systemic chemotherapy
may be cost-effective compared to CRS + systemic chemotherapy or systemic chemotherapy alone in
NHS. The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective ranged between
60% and 70% for the different comparisons and different thresholds.

In women with grade Ill or greater epithelial ovarian cancer requiring interval CRS, the incremental NMBs
at WTP of £20,000 and £30,000 were £46,761.81 and £71,938.23, respectively, indicating that HIPEC

+ CRS + systemic chemotherapy was cost-effective compared to CRS +systemic chemotherapy in NHS.
The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS +
systemic chemotherapy was 71.9% and 72.4% at WTP of £20,000 and £30,000, respectively.

The value of information analysis indicated that the expected value of perfect information (EVPI) ranged
between £3 and £53 million for the different cancer types (when estimation was possible) for WTP of
£20,000 and £30,000.

Discussion and conclusions

Limitations of the review

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 stage Ill or greater epithelial
ovarian cancer. It is difficult to estimate whether our conclusions would have changed if we had IPD;
however, our systematic review and meta-analysis support similar conclusions as the trial authors,
suggesting that the impact of IPD may not be major enough to warrant an IPD once the health services
have recovered from the impact of COVID-19.

We estimated the HR for survival for gastric cancer trials from Kaplan-Meier curves. This might have
introduced bias. However, because of the small number of participants and the estimations that we have
performed to calculate the effect estimates, we have concluded that there is uncertainty in the benefit
of HIPEC + CRS + systemic chemotherapy in gastric cancers.

Because of the paucity of trials under each comparison, evidence from new RCTs of low risk of bias may
change our recommendations. There are concerns regarding the clinical recommendations for people
with colorectal peritoneal metastases based on 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 metastases 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 analyse 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’ treatments that provide equivalent median survival as
that observed in the control arm (CRS + systemic chemotherapy) in the PRODIGE-7 trial.

Because of the difficulties in estimating the Peritoneal Cancer Index (PCI) during surgery, we have not
recommended HIPEC + CRS + systemic chemotherapy even for the subset of patients with PCI 11-15,
but this exploratory subgroup analysis can guide future research.
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We have not based our recommendations on non-randomised studies, as we did not find any non-
randomised study in which similar participants with colorectal peritoneal metastases underwent HIPEC
+ CRS + systemic chemotherapy versus CRS + systemic chemotherapy or systemic chemotherapy alone.
CRS + systemic chemotherapy provides equivalent median survival of 41 months as HIPEC + CRS +
systemic chemotherapy. When there is an existing, less invasive treatment that provides equivalent
survival, it can hardly be considered life-threatening to warrant recommendations based on low-or very
low-certainty evidence.

Recommendations for clinical practice

In people with peritoneal metastases from colorectal cancer, based on the results of PRODIGE-7 trial,
HIPEC + 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. Therefore, HIPEC based on oxaliplatin regimen used in PRODIGE-7 trial + CRS +
systemic chemotherapy should not be used in routine clinical practice (strong recommendation). Because
of the lack of reliability of preoperative or perioperative PCI, the lack of pre-PRODIGE-7 trial standard
classification of PCl into PCl <10, 11-15 and > 15 and pre-defined subgroup analysis based on the PCI
classification, HIPEC based on oxaliplatin regimen used in PRODIGE-7 trial + CRS + systemic
chemotherapy cannot be recommended for any subgroups.

Because of the median survival observed in the CRS + systemic chemotherapy arm of PRODIGE-7 trial
(41 months) and the poor survival observed in people with disseminated colorectal peritoneal
metastases (< 12 months in England), CRS + systemic chemotherapy should be offered to people with
peritoneal metastases from colorectal cancer when the metastases are confined to the peritoneum and
when the patient is likely to withstand major surgery in centres that have experience in performing CRS
+ systemic chemotherapy (strong recommendation).

Because of variability in the results of trials comparing HIPEC + CRS + systemic chemotherapy versus
CRS + systemic chemotherapy, small number of participants in the trial comparing HIPEC + CRS +
systemic chemotherapy versus systemic chemotherapy alone, and the methods used to estimate survival
in two trials, there is considerable uncertainty as to whether HIPEC + CRS + systemic chemotherapy or
CRS + systemic chemotherapy should be offered to patients with gastric cancer and peritoneal
metastases (no recommendation).

Based on three trials showing similar survival benefits in women with stage Ill or greater epithelial
ovarian cancer and metastases confined to the abdomen requiring and likely to withstand interval CRS
after chemotherapy, HIPEC + CRS + systemic chemotherapy should be offered routinely to such women
in centres with experience in performing HIPEC + CRS + systemic chemotherapy (strong
recommendation).

The limited number of RCTs for each comparison and paucity of data on HRQoL means that the
recommendations may change as new evidence (from trials with a low risk of bias) emerges.

Recommendations for research

For people with peritoneal metastases from colorectal cancer, further research is needed to find out if
HIPEC + CRS + systemic chemotherapy using regimens other than those used in PRODIGE-7 are
effective compared to CRS + systemic chemotherapy. Since there is uncertainty in the timing of systemic
chemotherapy which is unlikely to be resolved before research confirms the effectiveness of HIPEC +
CRS + systemic chemotherapy, trial participants can be stratified by whether they received preoperative
chemotherapy at the time of randomisation.

For people with peritoneal metastases from gastric cancer, further research is needed to find out which

of the three treatments - HIPEC + CRS + systemic chemotherapy, CRS + systemic chemotherapy or
systemic chemotherapy alone is better.
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For people with stage Il or greater epithelial ovarian cancer, information on the effectiveness of HIPEC
+ CRS + systemic chemotherapy versus CRS + systemic chemotherapy in people who are eligible to
undergo primary CRS is required, but the ongoing trial OVIHIPEC-2 is likely to provide this answer.

All future trials should assess HRQoL and patient-reported outcome measures to allow informed
decision-making. If surrogate outcome measures are used as primary outcomes, the validity of such
outcomes as good surrogate outcomes for longevity of life, HRQoL and/or patient-reported outcome
measures should be considered while arriving at conclusions.

Study registration

This study is registered as PROSPERO CRD42019130504.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Health Technology
Assessment programme (NIHR award ref: 17/135/02) and is published in full in Health Technology
Assessment; Vol. 28, No. 51. See the NIHR Funding and Awards website for further award information.
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Chapter 1 Background and rationale

Sections of this chapter have been reproduced from Gurusamy et al.,* under licence CC-BY-4.0.

What is the problem being addressed?

Approximately 7 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 in these cancers®? and is often the only site of metastases.®-° In general,
people with peritoneal metastases have poorer prognosis than those with other sites of metastases (liver
or lung),** with median reported survival ranging from 6 to 24 months, depending on the primary cancer
and treatment received.!?-1

Treatment of peritoneal metastases from colorectal, ovarian or gastric cancer

The current standard of care (SoC) for people with peritoneal metastases from these cancers is systemic
chemotherapy, either alone or in combination with either cytoreductive surgery (CRS) or palliative
surgery.8?13-16 Hyperthermic intraoperative peritoneal chemotherapy (HIPEC) + CRS + systemic
chemotherapy is an alternative treatment for these patients. The main principle of HIPEC + CRS is

to remove all visible (macroscopic) peritoneal metastases, followed by HIPEC to treat any remaining
microscopic peritoneal metastases.!” HIPEC involves peritoneal circulation of chemotherapy drugs
(usually mitomycin C, 5-Fluorouracil and oxaliplatin or cisplatin)® heated to temperatures of 42 °C,

at which the chemotherapy drugs are potentiated.’” Until only a decade ago, < 5% of patients with
peritoneal metastases underwent HIPEC + CRS; however, this has progressively increased to about 10%
of patients by 2012.7191> HIPEC + CRS has been commissioned by the NHS England for patients with
peritoneal metastases from appendiceal tumours and colorectal adenocarcinoma.

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

Although HIPEC + CRS has the potential to improve survival and health-related quality of life (HRQoL)
in people with peritoneal metastases,'>?°2! there have been concerns raised about its safety. Reports
have shown a 30-day mortality after HIPEC + CRS of 1-3%’ and a major complication rate of 32%,7:??
albeit that it might be possible to achieve 30-day mortality of < 1% and major complication rate around
10-15% in high-volume centres. The average cost of HIPEC + CRS per patient varies from about USD
20,000 to 80,000.2%-2? Because of these reasons, this research is important to address the significant
uncertainty about the benefits of an intervention that carries significant risk of harm to patients and
major costs to the NHS. Patients and the public were involved in the design, conduct and interpretation
of data of this research as part of steering committee to ensure that this research remains relevant and
considers the views of the patients. They are also involved in dissemination of the findings.

Review of existing evidence

There have been several overviews, systematic reviews and Health Technology Assessment (HTA)
investigating this area. Prior to starting this research, 16 systematic reviews of comparative studies had
been undertaken, comparing HIPEC + CRS to other treatment modalities in peritoneal metastases from
colorectal, ovarian or gastric cancer.”'82139-42 Ten of these included at least one randomised controlled
trial (RCT), but the conclusions were largely based on non-randomised studies.”-182130.32-34.36,4042
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Although most of these systematic reviews concluded that HIPEC + CRS can improve survival in
people with peritoneal metastases, all had limitations and deficiencies. Firstly, all were at high risk of
bias according to 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-randomised studies, without any adjustment for baseline differences in disease-
related or patient-related prognostic characteristics.”:1821.3032-343640.42 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. proportion survived vs. median survival).182130.3638 Therefore, there is still considerable
uncertainty about the benefits of HIPEC + CRS and which patient groups will benefit from it.

Prior to the start of this research, there had also been two formal HTAs on this issue.?’#4 The first HTA
reviewing patients with peritoneal disease from colorectal cancer concluded that there was moderate-
quality evidence that HIPEC + CRS prolonged survival based on a single RCT, but the costs were high.?”
The second HTA on ovarian cancer did not include any RCTs and concluded there was no clear benefit of
HIPEC + CRS for ovarian peritoneal metastases.*
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Chapter 2 Aims and objectives

The overarching aim of this project is to answer the following research questions:

Does HIPEC + CRS improve survival and/or quality of life (QoL) compared to CRS + systemic
chemotherapy or systemic chemotherapy alone in people with peritoneal metastases (from colorectal,
gastric or stage Il or greater epithelial ovarian cancers) who can withstand major surgery, and is it cost-
effective in the NHS setting?

Primary objectives

To compare the relative benefits and harms of HIPEC + CRS + systemic chemotherapy versus CRS +
systemic chemotherapy or systemic chemotherapy alone in people with peritoneal metastases from
colorectal, gastric or ovarian gastric cancers eligible to undergo HIPEC + CRS by a systematic review and
meta-analysis.

Secondary objectives

To compare the cost-effectiveness of HIPEC + CRS + systemic chemotherapy versus CRS + systemic
chemotherapy or systemic chemotherapy alone from an NHS and personal social services (PSS)
perspective using a model-based cost-utility analysis.
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Chapter 3 Systematic review methods

Eligibility criteria

Types of studies
All RCTs, regardless of the publication status, year of publication and language of publication,
were included.

Setting
Secondary or tertiary care with expertise to perform HIPEC + CRS.

Types of participants

Inclusion criteria

People with synchronous or metachronous peritoneal metastases from colorectal cancer, gastric
cancer or ovarian cancer eligible to undergo HIPEC + CRS regardless of the involvement of
other organs and whether the primary cancer was resected completely [i.e. resected completely
(R, resection)].

Exclusion criteria
Studies on pseudomyxoma peritonei (PMP) were excluded.

Intervention
HIPEC + CRS + systemic chemotherapy.

Control
CRS % systemic chemotherapy or systemic chemotherapy alone.

Outcomes
Primary outcomes

1. All-cause mortality, defined as time from randomisation until death by any cause.
2. HRQoL using any validated measure.
3. Serious adverse events or Clavien-Dindo grade Il or above.*%¢

Secondary outcomes

4. Time to disease progression: defined as time from randomisation to death in people who died of
treatment or disease-related causes, time from randomisation to recurrence in people in whom
complete CRS was achieved and time from randomisation to disease progression as defined by
RECIST (Response Evaluation Criteria in Solid Tumors) criteria of 20% increase in size of the tumour
or appearance of new lesions*” or similar criteria used by authors. This equates to recurrence-free
survival or disease-free survival when complete CRS is achieved.

5. Non-serious adverse events or Clavien-Dindo grade | or [1.4>4¢

6. Patient-reported outcome measures.
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SYSTEMATIC REVIEW METHODS

Search strategy

Electronic searches

We searched MEDLINE, EMBASE, Cochrane library and the Science Citation Index for published trials,
as well as ClinicalTrials.gov and WHO ICTRP trial registers for ongoing or unreported studies. The search
strategies, which combine the Cochrane sensitivity maximising RCT filter*® with a combination of subject
headings and free text terms relating to the interventions and diseases of interest, are provided in
Appendix 1. Searches were updated periodically until 14 April 2022.

Other resources
We also searched the reference lists of all identified studies for additional studies eligible for inclusion
and contacted experts in the field for further studies.

Data collection and management

Selection of studies

Two review authors independently screened the titles and abstracts of all records retrieved and

made the final selection based on full text (after translation if required, i.e. there were no language
restrictions). We documented the selection process to enable the completion of the preferred reporting
items for systematic review and meta-analysis (PRISMA) flowchart. We resolved discrepancies

through discussion.

Data collection
We collected the following data:

contact details of the study author and the study contact

information required to assess the risk of bias

patient demographics: age, gender, comorbidities, performance index
cancer details (including severity)

intervention details

control details

follow-up details

outcome data

resource utilisation data (to guide health economic analysis)

operating time

quantity of blood and blood products transfused

length of hospital stay (including readmissions)

length of intensive care unit stay

chemotherapy regimen used in HIPEC and in control group, if applicable
proportion in whom surgery was performed and the nature of surgery in the control group
additional surgery and other palliative treatments.

WoOoNOUL AWM R
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We were unable to perform an individual participant data (IPD) meta-analysis as planned because of
unforeseen circumstances related to COVID-19. This led to trialists who were also clinical researchers
being unable to engage for transfer of IPD. We did not foresee that study authors (surgeons) would

be sufficiently engaged with providing IPD soon because of the backlog with surgeries and the fatigue
induced by COVID-19. Therefore, we performed a meta-analysis based on aggregate data.

Assessment of risk of bias in included studies
We used the Cochrane risk of bias tool version 2 to assess the risk of bias in RCTs.#?
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Meta-analysis of clinical effectiveness

Measures of treatment effect and data synthesis

We used risk ratio (RR) for binary outcomes (proportion of people with serious adverse events), mean
difference (MD) for continuous outcomes (HRQoL as only trial reported this information in analysable
format), rate ratios for count outcomes (number of serious adverse events) and hazard ratio (HR) for
time-to-event outcomes (overall all-cause mortality and time to progression) with their respective 95%
confidence intervals (Cls).

When meta-analysis was possible (at least two studies having similar participants, intervention, control
and outcomes), we performed a random-effects model meta-analysis using the DerSimonian and Laird
method*° for binary outcomes and the inverse variance method for other types of outcomes.

Dealing with missing data

We performed an intention-to-treat analysis.>* All the trials provided outcomes on participants
randomised or at least on participants who were eligible for this study, that is, people with resectable
peritoneal metastases. Therefore, there was no requirement for imputation of data.

Assessment and investigation of heterogeneity

We assessed the clinical and methodological heterogeneity by carefully examining the characteristics
and design of included trials. Clinical heterogeneity could be due to the types of participants

included in the studies (performance index, stage of cancer, extent of peritoneal involvement, other
organ involvement), different interventions (complete CRS or not, chemotherapy agents used),
whether complete CRS was achieved (if the control group was CRS) or different follow-up methods
(routine imaging vs. clinical examination). Different study designs and risk of bias may contribute to
methodological heterogeneity. When we performed the meta-analysis, we calculated and reported the
between-trial standard deviation and I? as measures of heterogeneity.

Because of the paucity of trials and lack of information from the trials on subgroup data from the reports
or by contacting the trial authors, we did not perform subgroup analysis or metaregression to investigate
the effect of potential effect modifiers.

Sensitivity analysis

We performed panoramic meta-analysis as post hoc sensitivity analysis. Panoramic meta-analysis may
be appropriate when the same treatment comparisons have to be compared across a range of disease
conditions.>? We used the random-effects metaregression with the cancer type as the covariate. Further
details about the model used and technical details are available in Appendix 2.

Reporting bias

We assessed reporting bias by the completeness of search.

Confidence in results

The uncertainty in results was evaluated using the GRADE methodology.>?
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Chapter 4 Cost-effectiveness analysis methods

We followed the National Institute for Health and Care Excellence (NICE) methodological standards for
conducting our cost-effectiveness analysis.>

Model

We performed a model-based cost-utility analysis, estimating mean costs and quality-adjusted life-
years (QALYs) per patient. We performed separate cost-effectiveness analysis for each of the treatment
comparisons stratified by the type of cancer in the systematic review. The time horizon was lifetime
time horizon. We calculated the costs from the NHS and PSS perspectives. We discounted the costs and
utilities at the rate of 3.5% per annum.>* We had chosen the discounted rate based on the guidance set
by the UK government.>

We created a decision tree model (one for each cancer) along the lines of the model that we used to
compare two types of surgeries in pancreatic cancer®® and that we reported in the published protocol.?
Briefly, a patient with peritoneal metastases from one of the three cancers (colorectal cancer, stage Il
or greater epithelial ovarian cancer or gastric cancer) and eligible for CRS + HIPEC can either undergo
HIPEC + CRS + systemic chemotherapy or control (either CRS + systemic chemotherapy or systemic
chemotherapy alone for colorectal cancer and gastric cancer and CRS + systemic chemotherapy for
ovarian cancer). A proportion of patients in whom HIPEC + CRS developed complications, a proportion
of whom might die within 30 days. Those who are alive at 30 days may die subsequently (a Markov
model was used to model this). The decision tree pathways in the people who had control treatment
were identical: some had complications, some died within 30 days and some died after 30 days.

When resource utilisation data were available from the systematic review, we used that information.

For information not available from the systematic review, we performed literature searches of the

NHS Economic Evaluation Database (NHS EED), the Health Economic Evaluations Database (HEED),
MEDLINE and EMBASE (for MEDLINE and EMBASE, we combined the search strategy from Appendix 1
with a sensitivity maximising ‘economics’ filter developed as a part of The Hedges Project of the Health
Information Research Unit of McMaster University). We also reviewed the cost-effectiveness analysis
(CEA) registry at Tufts University for information on QoL. Currently, there is no Healthcare Resource
Group (HRG) code available for HIPEC + CRS + systemic chemotherapy or control. We obtained resource
utilisation data as part of the systematic review and converted these to costs on the basis of the NHS
National Tariff, NHS National Schedule of Reference costs, British National Formulary and/or local
estimates as required. All costs were expressed in Great British pounds (GBP) for the price year 2021 and
were inflated and exchanged to GBP using data on national current price index®” and/or exchanged from
US dollars ($) or Euros (€) to Great British pounds using the average conversion rate for 2021.%7

We assumed that the people who die in each period would do so at a constant rate during the period.
When no data were available from the systematic review or published sources, a range of values were
used in the model. For the costs, since the variability was not available, we used a 30% variation in the
costs that we used.

Measuring cost-effectiveness

We measured cost-effectiveness using net monetary benefits (NMBs). For each treatment, we calculated
the NMB as the mean QALYs per patient accruing to that treatment multiplied by decision-makers’
maximum willingness to pay for a QALY (also referred to as the cost-effectiveness threshold) minus

the mean cost per patient for the treatment. In the UK, the upper limit of the maximum willingness to
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COST-EFFECTIVENESS ANALYSIS METHODS

pay for a QALY is £20,000-30,000.>* NMBs were calculated using the base-case parameter values to
obtain the deterministic results, which do not depend on chance. The option with the highest NMB
represented better value for money. The NMB for HIPEC + CRS + systemic chemotherapy minus the
NMB for control is the incremental NMB. If the incremental NMB was positive, then HIPEC + CRS +
systemic chemotherapy represented better value for money; if it was negative, the control represented
better value for money.

A probabilistic sensitivity analysis (PSA) was also undertaken.> The PSA involved Monte Carlo simulation
and took variability of all selected inputs into account simultaneously. Distributions were assigned to
parameters to reflect the uncertainty for each parameter value. A random value from the corresponding
distribution for each parameter was selected (by the computer). This generated an estimate of the mean
cost and mean QALYs and the NMB associated with each treatment. This was repeated 10,000 times,
and the results for each simulation were noted. The mean costs, QALYs and NMB for each treatment
were calculated from the 10,000 simulations; these are probabilistic results because they depend on
chance. Based on the stability tests, we increased the simulations to 15,000 for gastric cancer (HIPEC +
CRS + systemic chemotherapy vs. systemic chemotherapy alone) and 90,000 for colorectal cancer and
gastric cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy). The NMB
was calculated for each of the 10,000 simulations, and the proportion of times each treatment had

the highest NMB was calculated for a range of values for the maximum willingness to pay for a QALY.
These are summarised graphically using cost-effectiveness acceptability curves. We derived the 95%
Cls around the base-case values using the 2.5 and 97.5 percentiles calculated from the PSA. We also
performed a value of information analysis and calculated the expected value of perfect information
(EVPI) and the expected value of partially perfect information using methods suggested by Wilson

et al.>8

For the deterministic univariate sensitivity analysis, each variable in the cost-effectiveness model was
varied one at a time. The results of the sensitivity analysis were represented in the tornado diagram,
which reflected the variation in the incremental NMB within the range of the lowest and highest value
used for a parameter with all else equal. If the variation in the incremental NMB included zero, then
there was uncertainty in the cost effectiveness due to the variation of the parameter.

We also performed a sensitivity analysis using information from ‘real-life’ prospective data from Christie
NHS foundation trust.

We followed the ‘Consolidated Health Economic Evaluation Reporting Standards’ (CHEERS) reporting
checklist for reporting the cost-effectiveness analysis.>?
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Chapter 5 Results

Systematic review

Results of search

We identified 7938 records through electronic searches of the Cochrane Central Register of Controlled
Trials (CENTRAL) in the Cochrane Library (Wiley) (n = 1169), MEDLINE Ovid (n = 3405), Embase

Ovid (nh = 930), Science Citation Index Expanded and Conference Proceedings Citation Index-Science

(n = 1758), ClinicalTrials.gov (n = 152) and WHO Trials register (n = 524). There were 6019 records

after removing duplicates. We excluded 5855 clearly irrelevant records through reading titles and
abstracts. We retrieved a total of 164 full-text records for further assessment in detail. We included a
total of eight trials for this review!%1460-¢> (see Table 1). We excluded 58 records for the reasons stated in
Appendix 4.12¢6-122 \We identified 38 records of ongoing trials!?*-1¢° (see Appendix 5). While some ongoing
studies are clearly on people with peritoneal metastases, in other trials, a subset of participants would
be eligible for a future review on the same topic. Additional reports of included, excluded and ongoing
studies (60 records)!¢62161-218 gre listed in Appendix 6. The reference flow is shown in Figure 1.

Because of the nature of the comparisons involved, we did not identify any non-randomised studies
at low or moderate risk of bias, as such studies compare outcomes in completely different groups of
individuals: participants likely to withstand major surgery and had limited metastases received HIPEC
+ CRS + systemic chemotherapy, while participants unlikely to withstand major surgery or had more
extensive metastases did not receive HIPEC.

We did not identify any trial which compared CRS + systemic chemotherapy versus systemic
chemotherapy alone in addition to supportive care for people with peritoneal metastases from
colorectal or gastric cancer. While there were trials comparing CRS + systemic chemotherapy versus
systemic chemotherapy alone in addition to supportive care in women with ovarian cancer, it was

not clear whether any of these participants had peritoneal metastases, or even when it was clear that
some people would have had peritoneal metastases, no separate outcome data were available for such
participants. Therefore, such studies were excluded.

Characteristics of included studies

The characteristics of included studies are summarised in Table 1. Further details of HIPEC and systemic
chemotherapy in these studies are summarised in Appendix 3, Tables 15 and 16. We included a total of
eight trials (1068 participants) in this review.'31469-6> Of the participants included in the studies, eight
were excluded after randomisation as they were unresectable, leaving a total of 1060 participants
included in this review. Of these, 955 participants from seven trials were included in quantitative
analysis.1314.60-6264.65 Tyyo trials (370 participants) were conducted in people with peritoneal metastases
from colorectal cancer,'+¢? three trials (190 participants; 85 participants from two trials were included in
guantitative analysis) were conducted in people with peritoneal metastases from gastric cancer'®¢%4* and
three trials (508 participants; 500 participants included in analysis) were conducted in people with stage
[l or greater epithelial ovarian cancer.®®¢1¢> The follow-up period in the trials ranged from 22 months to
70 months in the seven trials that reported this information.131460-62.64.65

Participants

All trials included only adults. The mean or median age of the trial participants was between 48 and

62 years in the seven trials that reported this information.31460-626465 The proportion of trial participants
who were females was between 41.2% and 50.2% in the four trials on colorectal or gastric cancers that
reported the number of female trial participants.31462¢64
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TABLE 1 Characteristics of included studies

S1INS3Y

yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

Type of Post- Mean or Number
primary Number randomisation median of females Intervention vs. Follow-up
cancer Other major inclusion/exclusion criteria randomised exclusions age (proportion) control in months
Quénets? Colorectal 1. Adults < 70 years. 265 0 60 133 (50.2%) HIPEC + CRS Median: 64
cancer 2. Minor or moderate peritoneal + systemic che-
carcinomatosis with a Sugarbaker motherapy vs.
Peritoneal Cancer Index score < 25. CRS + systemic
Macroscopically complete R, surgical chemotherapy
tumour reduction or of residual thickness
not exceeding 1 mm (R,).
. Absence of extraperitoneal metastases
(other than ovarian or retroperitoneal
lymph node metastases).
Verwaal* Colorectal 1. Adults < 71 years. HIPEC + CRS Median: 22
cancer No other distant metastases. + systemic
chemotherapy
Vs. systemic
chemotherapy
Yang?!® Gastric . Adults of 20-75 years. HIPEC + CRS + Median: 32
cancer No other metastases other than to systemic che-
peritoneum. motherapy vs.
CRS + systemic
chemotherapy
Rau¢® Gastric No other metastases other than to HIPEC + CRS * Not stated
cancer peritoneum or ovary. systemic che-
Possibility of 80% tumour reduction at CRS motherapy vs.
during diagnostic laparoscopy or explor- CRS + systemic
atory laparotomy. chemotherapy
Rudloffé* Gastric 1. Potential for complete resection. HIPEC + CRS Minimum: 24
cancer No other metastases other than to + systemic
peritoneum, liver or lung. chemotherapy
Vs. systemic

chemotherapy




*pa3Id 2 3snw uoyedlignd ay3 Jo |0 Y3 pue ‘AJeiqr] S|euInof YHIN - 224nos uoleslignd ay (s)Ioy3ne [eulSLo ‘Bj3 ay3 uoungupe

104 */0'17/Aq/S9suadl| /810 SUOWWOdDALERID/:sdNY 935 panqune Alsadoud si 3 jeyy papiroid asodund Aue Joy pue wnipaw Aue uj uoyeidepe pue uordnpoldal ‘uolnqusip

‘asn pajolsaIuN sywIad Yolym ‘@ouadl] 0y A DD UOLINGURY SUOWWOD) dALIEID) Y} JO SWUD) By} Japun pajnqguisip uoyedlgnd ssaoy uadQ Ue si Siy] "aie) |eld0s pue
y1jeaH Joj 91815 JO AJe1audaS 2yl Agq panss| 10eJ3U0d SUIUOISSILIWIOD B JO SWUd) Y3 Japun b 32 Awesnung Agq pasnpoid Sem Iom Siy| ‘| 12 Awesning £z0z ©@ ysuAdod

e1

TABLE 1 Characteristics of included studies (continued)

Van
Driel®>

Antonio®®

Lime®!

Type of
primary
cancer

Ovarian
cancer

Ovarian
cancer

Ovarian
cancer

Other major inclusion/exclusion criteria

whe

Abdominal disease was too extensive for
primary CRS or because surgery had been
performed but was incomplete (i.e. after
surgery, one or more residual tumours
measuring >1 cm in diameter were
present).

No extra-abdominal metastases.

No extraperitoneal metastases.

Adults < 75 years.
Residual tumours <1 cm.
Extraperitoneal metastases.

Number
randomised

245

79

184

Post-
randomisation
exclusions

8
(unresectable)

62

61

53

Number
of females
(proportion)

245 (100.0%)

79 (100.0%)

184 (100.0%)

Intervention vs.
control

HIPEC + CRS +
systemic che-
motherapy vs.
CRS =+ systemic
chemotherapy

HIPEC + CRS +
systemic che-
motherapy vs.
CRS + systemic
chemotherapy

HIPEC + CRS +
systemic che-
motherapy vs.
CRS + systemic
chemotherapy

Follow-up

in months

Median: 57

Median: 32

Median: 70
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RESULTS

7938 records No additional
identified through records identified
database through other
searching sources

v

6019 records after duplicates
removed

P
6019 records 5855 records
screened excluded

.

122 full-text articles excluded

e Not a RCT: 26 records
e Not in people with peritoneal metastases or no separate
data on people with peritoneal metastases: 13 records
e Primary cancer type not clear: 2 records
e Not HIPEC + CRS: 7 records
e Not investigating the effect of HIPEC: 8 records
e Withdrawn due to poor accrual: 1 record
v e Incorrect reference: 1 record
e Ongoing studies: 38 records

16‘.1' full-text e Additional records of excluded studies: 11
articles assessed -, . .
S ”| e Additional records of ongoing studies: 15
for eligibility
— (. J
v
S E—

8 studies (42
records) included
in qualitative
synthesis

| N —

7 studies included

in quantitative
synthesis

FIGURE 1 Study flow diagram.

Most trials excluded participants who had extraperitoneal metastases, and because of the nature of the
comparisons in this systematic review, they included only participants who were eligible to undergo
major surgery and chemotherapy.

Comparisons

The comparisons in the trials were: HIPEC + CRS + systemic chemotherapy versus CRS + systemic
chemotherapy in six trials!®¢0-¢365 and HIPEC + CRS + systemic chemotherapy versus systemic
chemotherapy in the remaining two trials.1#%4

Outcomes

All-cause mortality was reported in an analysable format in seven trials.131460-626465 Qyerall
HRQoL was reported in one trial.¢° Serious adverse events were reported in analysable format in
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five trials.13¢0-¢2¢5 Progression-free survival was reported in analysable format in four trials.60-¢265
None of the trials reported non-serious adverse events or patient-reported outcome measures in
analysable format.

Risk of bias in the trials

The overall risk of bias in the trials was low in six trials for all-cause mortality.14¢0-626465 Of the remaining
two trials, one was based on a conference abstract,®® and it is quite probable that this trial would also be
at low risk of bias when fully published. The risk of bias in the different domains for mortality is shown in
Table 2. It should be noted that most trials did not have a published protocol or a protocol that predated
recruitment available from the trial register. Nevertheless, all-cause mortality was reported in most

of the trials in the way it is expected. Therefore, we have considered that the risk of bias in the trials
was low for all-cause mortality in most trials. Subjective outcomes such as HRQoL and serious adverse
events would have been rated as some concerns as none of the trials used outcome assessor blinding.
Only two trials reported participant blinding.%¢* In the remaining trials, participants were aware of the
treatment groups.

Effect estimates

Colorectal cancer

Of the two trials in colorectal cancer, one trial compared HIPEC + CRS + systemic chemotherapy versus
CRS + systemic chemotherapy,®? and another compared HIPEC + CRS + systemic chemotherapy versus
systemic chemotherapy.'* So, a meta-analysis was not performed. We did not calculate the indirect
effect estimates because of the differences in the types of participants included in the two trials. In
one trial, only participants who had macroscopically complete R, surgical tumour reduction or residual
thickness not exceeding 1 mm were included,®? but in the other trial there was no such criterion for
selection.'* In the absence of IPD analysis or effect estimates in a subset of participants who were
similar in the two trials, it may be inappropriate to calculate the indirect effect estimates of CRS +
systemic chemotherapy versus systemic chemotherapy in addition to supportive treatment because of
possible violation of transitivity assumption (i.e. the participants in the trials were reasonably similar to
allow randomisation to any of the arms being evaluated). Therefore, we have presented only the effect
estimates of the direct comparisons.

HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy for

colorectal peritoneal metastases

One trial (265 participants) was included in the analysis.®? The outcomes of interest reported by the trial
included all-cause mortality, serious adverse events and time to disease progression. The forest plots are
available in Figures 2-4.

(HIPEC + CRS) (CRS) HR HR
Study or subgroup log(HR) SE Total Total IV,random, 95% Cl 1V, random, 95% CI
Quénet et al. 202162 0 0.23456051 133 132 1.00(0.63to 1.58)

07 085 1 1.2 1.5
Favours HIPEC + CRS Favours CRS

FIGURE 2 Colorectal cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): all-cause
mortality. SE, standard error.

The figure shows that there is probably little or no difference in all-cause mortality between HIPEC +
CRS + systemic chemotherapy versus CRS + systemic chemotherapy.
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TABLE 2 Risk of bias

Bias in selection of Overall
the reported result risk of bias

Bias in measurement
of the outcome

Bias due to deviation
intended interventions

Bias arising from the

Bias due to missing

randomisation process outcome data

S1INS3Y

yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

Quénets? Low risk Low risk Low risk Low risk Some concerns Low risk
Verwaal* Low risk Low risk Low risk Low risk Some concerns Low risk
Yang?®® Some concerns Low risk Low risk Low risk Some concerns Some
concerns
Rudloffé* Low risk Low risk Low risk Low risk Some concerns Low risk
Rau¢® Some concerns Some concerns Low risk Low risk Some concerns Some
concerns
Antonio® Low risk Low risk Low risk Low risk Some concerns Low risk
Van Low risk Low risk Low risk Low risk Low risk Low risk
Driel®®
Limét Low risk Low risk Low risk Low risk Some concerns Low risk
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HIPEC + CRS CRS RR RR
Study or subgroup Events Total Events Total M-H,random,95% ClI M-H, random, 95% CI
Quénet et al. 202142 34 133 20 132 1.69(1.03t02.77) >
0.5 0.7 1 15 2

Favours HIPEC + CRS  Favours CRS

FIGURE 3 Colorectal cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): serious adverse events.

The figure shows that HIPEC + CRS + systemic chemotherapy may increase the serious adverse events
compared to CRS + systemic chemotherapy.

HIPEC + CRS CRS HR HR
Study or subgroup log(HR) SE Total Total IV, random, 95% Cl 1V, random, 95% CI
Quénetetal. 202152 -0.09431068  0.12302579 133 132 0.91(0.72to 1.16) _—
0.7 0.85 1 1.2 15

Favours HIPEC + CRS Favours CRS

FIGURE 4 Colorectal cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): time to disease
progression. SE, standard error.

The figure shows that there is probably little or no difference in time to disease progression between
HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy.

All-cause mortality

The evidence suggests that HIPEC + CRS + systemic chemotherapy results in little to no difference

in all-cause mortality compared to CRS + systemic chemotherapy [60.6% in HIPEC + CRS + systemic
chemotherapy vs. 60.6% in CRS + systemic chemotherapy; median follow-up 64 months; HR 1.00, 95%
confidence interval (Cl) 0.63 to 1.58; one trial; 265 participants; moderate-certainty evidence].

Serious adverse events

The evidence suggests HIPEC + CRS + systemic chemotherapy may increase the number of people who
developed serious adverse events compared to CRS + systemic chemotherapy (25.6% in HIPEC + CRS +
systemic chemotherapy vs. 15.2% in CRS + systemic chemotherapy; RR 1.69, 95% Cl 1.03 to 2.77; one
trial; 265 participants; low-certainty evidence).

Disease progression

The evidence suggests that HIPEC + CRS + systemic chemotherapy may result in little to no difference
in overall disease progression compared to CRS + systemic chemotherapy (81.2% in HIPEC + CRS +
systemic chemotherapy vs. 84.1% in CRS + systemic chemotherapy; median follow-up 64 months; HR
0.91, 95% Cl1 0.72 to 1.16; one trial; 265 participants; low-certainty evidence).

HIPEC + CRS + systemic chemotherapy versus systemic chemotherapy for colorectal

peritoneal metastases

One trial (105 participants) was included in the analysis.'* The outcomes of interest reported by the trial
included all-cause mortality. The forest plot is available in Figure 5.

HIPEC + CRS +/- chemo Chemo (older regimen) HR HR
Study or subgroup log(HR) SE Total Total IV,random, 95% CI IV, random, 95% CI
Verwaal et al. 20034 -0.597837 0.277592 54 51 0.55(0.32t00.95) —m—m8M+———

05 07 1 1.5 2
Favours HIPEC + CRS  Favours chemo

FIGURE 5 Colorectal cancer (HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy): all-cause mortality.
Verwaal et al.** SE, standard error.
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RESULTS

The figure shows that HIPEC + CRS + systemic chemotherapy probably decreases all-cause mortality
compared to systemic chemotherapy alone.

All-cause mortality

The evidence suggests that HIPEC + CRS + systemic chemotherapy probably decreases all-cause
mortality compared to systemic chemotherapy (40.8% in HIPEC + CRS + systemic chemotherapy vs.
60.8% in systemic chemotherapy alone; median follow-up 22 months; HR 0.55, 95% CIl 0.32 to 0.95;
one trial; 105 participants; moderate-certainty evidence).

Gastric cancer

Of the three trials in gastric cancer, two trials compared HIPEC + CRS + systemic chemotherapy versus
CRS + systemic chemotherapy,'®¢® and one trial compared HIPEC + CRS + systemic chemotherapy
versus systemic chemotherapy.®* Of the two trials that compared HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy, one trial did not provide the outcomes of interest
in an analysable format.¢® So, a meta-analysis was not performed. We did not calculate the indirect effect
estimates because of the differences in the types of participants included in the two trials that provided
quantitative data. In one trial, there was no restriction based on metastases to lung or liver,** while in
the other trial, people with metastases to lung or liver were excluded.'® As for colorectal cancer, in the
absence of IPD analysis or effect estimates in a subset of participants who were similar in the two trials,
it may be inappropriate to calculate the indirect effect estimates of CRS + systemic chemotherapy versus
systemic chemotherapy in addition to supportive treatment because of possible violation of transitivity
assumption. Therefore, we have presented only the effect estimates of the direct comparisons.

HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy for

gastric peritoneal metastases

The effect estimates for one trial (68 participants) that provided data in analysable format?'® are
presented below. The outcomes of interest reported by the trial included all-cause mortality and serious
adverse events. The forest plots are available in Figures 6 and 7.

The trial that did not provide data in analysable format provided a narrative statement about all-cause
mortality,®® which is also included below.

HIPEC + CRS CRS HR HR
Study or subgroup log(HR) SE Total Total IV,random, 95% Cl 1V, random, 95% CI
Yangetal. 201113 -0.96202862 0.30619827 34 34 0.38(0.21t00.70) _
0.2 0.5 1 2 5

Favours HIPEC + CRS Favours CRS

FIGURE 6 Gastric cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): all-cause mortality.
SE, standard error.

The figure shows that HIPEC + CRS + systemic chemotherapy may result in lower mortality than CRS
+ systemic chemotherapy. However, another trial which reported mortality data in a format that could
not be used for analysis showed that there is little or no difference in all-cause mortality between

the groups. Therefore, the effect of HIPEC + CRS + systemic chemotherapy versus CRS + systemic
chemotherapy on all-cause mortality is highly uncertain.

HIPEC + CRS CRS RR RR
Study or subgroup Events Total Events Total M-H,random, 95% Cl M-H, random, 95% CI
Yangetal. 20113 5 34 4 34 1.25(0.37 to 4.26) -
0.2 0.5 1 2 5

Favours HIPEC + CRS  Favours CRS

FIGURE 7 Gastric cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): serious adverse events.
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The figure shows that there is little or no difference in serious adverse events between the groups.
Combined with the risk of bias in the trial and small size of the trial, there is high uncertainty about
the effect of HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy on serious
adverse events.

All-cause mortality

There is high uncertainty about the effect of HIPEC + CRS + systemic chemotherapy versus CRS +
systemic chemotherapy on all-cause mortality [73.8% in HIPEC + CRS + systemic chemotherapy vs.
97.1% in CRS + systemic chemotherapy; median follow-up 32 months; HR 0.38, 95% CI 0.21 to 0.70
based on the one trial (68 participants) that reported data in analysable format;* very low-certainty
evidence]. In the trial (105 participants) that did not report the data on all-cause mortality in an
analysable way reported that there was no difference in all-cause mortality between HIPEC + CRS +
systemic chemotherapy versus CRS + systemic chemotherapy.é?

Serious adverse events

There is high uncertainty about the effect of HIPEC + CRS + systemic chemotherapy versus CRS +
systemic chemotherapy on serious adverse events (14.7% in HIPEC + CRS + systemic chemotherapy vs.
11.8% in CRS + systemic chemotherapy; RR 1.25, 95% CI 0.37 to 4.26; one trial; 68 participants; very
low-certainty evidence).

HIPEC + CRS + systemic chemotherapy versus systemic chemotherapy for gastric

peritoneal metastases

One trial (17 participants) was included in the analysis.®* The outcomes of interest reported by the trial
included all-cause mortality. The forest plot is available in Figure 8.

HIPEC + CRS + chemo Chemo (platin-based) HR HR
Study or subgroup log(HR) SE Total Total IV, random, 95% CI IV, random, 95% CI
Rudloffetal. 2014%*  -0.92144828 0.1359688 9 8 040(0.30t0052) ———

+ + T + +
05 07 1 15 2
Favours HIPEC + CRS  Favours chemo

FIGURE 8 Gastric cancer (HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy): all-cause mortality. SE,
standard error.

The figure shows that HIPEC + CRS + systemic chemotherapy probably results in lower mortality than
systemic chemotherapy alone.

All-cause mortality

The evidence suggests that HIPEC + CRS + systemic chemotherapy probably decreases all-cause
mortality compared to systemic chemotherapy (40.8% in HIPEC + CRS + systemic chemotherapy vs.
100% in systemic chemotherapy alone; minimum follow-up 24 months; HR 0.40, 95% CI 0.30 to 0.52;
one trial; 17 participants; moderate-certainty evidence).

Ovarian cancer (stage lll or greater epithelial ovarian cancer requiring interval

cytoreductive surgery)

Three trials (500 participants) compared HIPEC + CRS + systemic chemotherapy versus CRS + systemic
chemotherapy.®®¢1¢> The outcomes of interest reported by all the three trials included all-cause
mortality, serious adverse events and time to disease progression. Of these three trials, two reported
number of people with serious adverse events,®®¢> and another trial reported number of serious adverse
events.’! Health-related quality of life was reported in analysable format in one trial®® and in a format
that could not be included in the analysis in another trial.®> Therefore, we have not presented this
information. The forest plots are available in Figures 9-13.
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distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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HIPEC +CRS CRS HR HR
Study or subgroup log(HR) SE Total Total Weight IV,random, 95% Cl IV, random, 95% CI
Antonio et al. 2022¢° -0.45 0.34 35 36 13.2% 0.64(0.33to0 1.24)
Lim et al. 202261 -0.14 021 92 92 34.7% 0.87(0.58t0 1.31) —_—
Van Driel 2018%° -0.40047757 0.17145564 122 123 52.1% 0.67(0.48 t00.94) ——
Total (95% Cl) 249 251 100.00% 0.73(0.57 t00.93) P
y R y '

Heterogeneity: t* = 0.00; > = 1.10.df = 2 (p = 0.58); I = 0%

t t t
Test for overall effect: Z=2.56 (p = 0.01) 05 07 1 15 2

Favours HIPEC + CRS  Favours CRS

FIGURE 9 Ovarian cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): all-cause mortality.
SE, Standard error.

The figure shows that HIPEC + CRS + systemic chemotherapy probably results in lower mortality and

disease progression than CRS + systemic chemotherapy.

HIPEC + CRS CRS Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total 1V, fixed, 95% CI 1V, fixed, 95% CI

Antonioetal. 20220 74.64 25.6 35 69.79 285 36 4.85(-7.74to 17.44) :

-10 -5 0 5 10
Favours HIPEC + CRS  Favours CRS

FIGURE 10 Ovarian cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): HRQoL. SE,
standard error; SD, standard deviation.

The figure also shows that there may be little or no difference in the HRQoL between HIPEC + CRS +
systemic chemotherapy and CRS + systemic chemotherapy.

HIPEC + CRS CRS RR RR
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Antonio et al. 202260 10 35 10 36 25.1% 1.03(0.49 to 2.16) L
Van Driel et al. 201845 32 122 30 123 749% 1.08 (0.70to 1.65)
Total (95% Cl) 157 159 100.0% 1.06 (0.73 to 1.54)
Total events 42 40
Heterogeneity: t* = 0.00; ¢ =0.01,df = 1 (p = 0.92); I*= 0% t t 1 t t
0.5 0.7 1 1.5 2

Test for overall effect: Z=0.32 (p = 0.75)
Favours HIPEC + CRS Favours CRS

FIGURE 11 Ovarian cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): serious adverse
events (proportion).

The figure also shows that there may be little or no difference in the proportion of participants
who developed serious adverse events between HIPEC + CRS + systemic chemotherapy and CRS +

systemic chemotherapy.

HIPEC + CRS CRS RR RR
Study or subgroup log(RR) SE Total Total 1V, random, 95% CI 1V, random, 95% CI
Limetal. 202261 0.24 0.08 92 92 1.27 (1.09 to 1.49) _

0.7 0.85 1 1.2 1.5
Favours HIPEC + CRS Favours CRS

FIGURE 12 Ovarian cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): serious adverse
events (number per participant). SE, standard error.

The figure also shows that the number of serious adverse events was probably higher in HIPEC + CRS +
systemic chemotherapy compared to CRS + systemic chemotherapy.
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HIPEC + CRS CRS HR HR
Study or subgroup log(RR) SE Total Total 1V, random, 95% Cl 1V, random, 95% ClI
Antonio et al. 202260 -0.44 0.29 35 36 0.64(0.36to01.14)
Lim et al. 202241 -0.13 0.17 92 92 0.88(0.63t01.23) :
Van Driel et al. 20185 -0.41551544 0.14129982 122 123 0.66(0.50t00.87) —_—t

05 07 1 15 2
Favours HIPEC + CRS  Favours CRS

FIGURE 13 Ovarian cancer (HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy): time to disease
progression. SE, standard error.

The figure shows that HIPEC + CRS + systemic chemotherapy probably results in lower disease
progression than CRS + systemic chemotherapy.

All-cause mortality

The evidence suggests that HIPEC + CRS + systemic chemotherapy probably results in lower all-cause
mortality compared to CRS + systemic chemotherapy (46.3% in HIPEC + CRS + systemic chemotherapy
vs. 57.4% in CRS + systemic chemotherapy; median follow-up 32 to 70 months; HR 0.73, 95% CI 0.57
to 0.93; three trials; 500 participants; moderate-certainty evidence).

Health-related quality of life

The evidence suggests that HIPEC + CRS + systemic chemotherapy may result in little to no difference
in the HRQoL (Global Health Status at 12 months) compared to CRS + systemic chemotherapy (MD
4.85,95% Cl -7.74 to 17.44; one trial; 71 participants; low-certainty evidence). In another trial where
data were not reported in analysable format,®> HIPEC + CRS + systemic chemotherapy resulted in little
to no difference in the HRQoL [European Organisation for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire-Core 30 (QLQ-C30)] at 24 months.

Serious adverse events

The evidence suggests that HIPEC + CRS + systemic chemotherapy may result in little to no difference
in number of people who developed serious adverse events compared to CRS + systemic chemotherapy
(26.7% in HIPEC + CRS + systemic chemotherapy vs. 25.2% in CRS + systemic chemotherapy; RR

1.06, 95% Cl 0.73 to 1.54; two trials; 316 participants; moderate-certainty evidence). The evidence
suggests HIPEC + CRS + systemic chemotherapy probably increases the number of serious adverse
events compared to CRS + systemic chemotherapy (41.4 events per 100 participants in HIPEC + CRS +
systemic chemotherapy vs. 32.6 events per 100 participants in CRS + systemic chemotherapy; rate ratio
1.27,95% Cl 1.09 to 1.49; one trial; 184 participants; moderate-certainty evidence).

Disease progression

The evidence suggests that HIPEC + CRS + systemic chemotherapy may result in lower disease
progression compared to CRS + systemic chemotherapy (75.8% in HIPEC + CRS + systemic
chemotherapy vs. 85.7% in CRS + systemic chemotherapy; median follow-up 32-70 months; HR 0.73,
95% Cl 0.60 to 0.89; three trials; 500 participants; low-certainty evidence).

Heterogeneity

There was no evidence of heterogeneity in any of the meta-analyses as indicated by good overlap of Cls
of effect estimates from the trials, between-study standard deviation (t = 0), I> = 0% and the p-value of
chi-squared test for heterogeneity being not statistically significant (see Figures 9-13).

Sensitivity analysis

An exploratory panoramic meta-analysis revealed that HIPEC + CRS + systemic chemotherapy results in
little to no difference in all-cause mortality compared to CRS + systemic chemotherapy, as indicated by
the 95% credible intervals (Crl).

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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RESULTS

e Colorectal cancer: HR 1.00 (95% Crl 0.15 to 6.77).
e Gastric cancer: HR 0.38 (95% Crl 0.05 to 2.64).
e Ovarian cancer: HR 0.73 (95% Crl 0.24 to 2.18).

There was no evidence of differences in survival by cancer types [coefficient for cancer type: gastric
cancer vs. colorectal cancer -0.96 (95% Crl —3.67 to 1.78) and ovarian cancer vs. colorectal cancer
-0.32 (95% Crl -2.53 to 1.90), although the between-study standard deviation was 0.29 (95% Crl 0.01
to 3.08)].

Reporting bias

We have searched all the major databases for medical publications and clinical trial registers. We did not
identify any registered and completed clinical trial which has not reported the results over an extended
period of time.

Certainty of evidence
The certainty of evidence and the reasons for downgrading the evidence are available in Table 3. Most of
the evidence related to all-cause mortality was of moderate certainty.

Cost-effectiveness

The decision tree is available in Figure 14. The input parameters for the different comparisons are
available in Tables 4-8. The cost estimates for different aspects of treatment and the sources of
information for different comparisons are available in Appendix 7, Tables 17-21. The results of the
analyses are available in Tables 9-13. The file that was used to perform the cost-effectiveness analysis
is available as Report Supplementary Material 1. This file can be used to calculate the cost-effectiveness
based on local cost estimates.

Colorectal cancer

HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy for

colorectal peritoneal metastases

The results of the cost-effectiveness analysis are presented in Tables 9-13 and Figures 15-17. The
deterministic results show that HIPEC + CRS + systemic chemotherapy results in more costs and similar
QALYs as CRS + systemic chemotherapy. The incremental NMBs at willingness to pay (WTP) of £20,000
and £30,000 were -£6162.83 and -£6164.19, respectively, that is, incremental NMB was <0, indicating
that HIPEC + CRS + systemic chemotherapy was not cost-effective compared to CRS + systemic
chemotherapy in NHS (see Table 9).

The PSA revealed that there was considerable uncertainty in the incremental NMB (see Table 10).

The scatterplot revealed that the points were clustered in the north-east and north-west quadrants,
confirming that HIPEC + CRS + systemic chemotherapy results in more costs and similar QALYs as CRS +
systemic chemotherapy (see Figure 15).

The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS +
systemic chemotherapy was 46.5% and 47.6% at WTP of £20,000 and £30,000, respectively. The
CEAC curve indicated that the likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective
compared to CRS + systemic chemotherapy was around 50% at even higher thresholds (see Figure 16).

The univariate sensitivity analysis revealed that CRS + systemic chemotherapy was cost-effective
(compared to HIPEC + CRS + systemic chemotherapy) for most of the parameters for the entire range
tested (see Table 11). The main parameters when the intervention becomes cost-effective were when
HIPEC + CRS + systemic chemotherapy results in better survival and better long-term HRQoL compared
to CRS + systemic chemotherapy (see Table 11; Figure 17).

NIHR Journals Library www.journalslibrary.nihr.ac.uk
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TABLE 3 Certainty of evidence

Anticipated absolute effects? (95% Cl)

Risk with
CRS +SC
(or SC alone)

Relative
Risk with HIPEC + effect

Outcomes CRS +SC (95% Cl)

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

All-cause mortality 606 per 1000 606 per 1000 (444 to 771) HR 1.00 (0.63
(median follow-up: 64 to 1.58)
months)

Serious adverse events 152 per 1000 256 per 1000 (156 to 420) RR 1.69 (1.03
(short term) to 2.77)

Time to disease progres- 841 per 1000 812 per 1000 (734 to 881) HR 0.91 (0.72
sion (median follow-up: to 1.16)

64 months)
Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

All-cause mortality 402 per 1000 (259 to 589)
(median follow-up: 22

months)

608 per 1000 HR 0.55 (0.32

to 0.95)

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

All-cause mortality 971 per 1000 738 per 1000 (523 to 915) HR 0.38 (0.21
(median follow-up: 32 to 0.70)
months)

Serious adverse events 118 per 1000 147 per 1000 (44 to 501) RR 1.25(0.37
(short term) to 4.26)

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

All-cause mortality 1000 per 1000 1000 per 1000 (1000 to
(minimum follow-up: 24 1000)
months)

HR 0.40 (0.30
to 0.52)

Number of
participants
(studies)

265 (1 RCT)

265 (1 RCT)

265 (1 RCT)

105 (1 RCT)

68 (1 RCT)

68 (1 RCT)

17 (1 RCT)

Certainty of
the evidence

(GRADE)

SO0

Moderate®

D00

LowpPe

D00

LowPe

OO

Moderate®

DO00O

Very lowbde

DOO00O

Very lowP<d

DDDO

Moderate®

Comments

Another trial including 105 partic-
ipants indicated that 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

continued
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TABLE 3 Certainty of evidence (continued)

Outcomes

Anticipated absolute effects? (95% Cl)

Risk with
CRS +SC
(or SC alone)

Risk with HIPEC +
CRS +SC

Relative
effect
(95% Cl)

Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

All-cause mortality

(median follow-up: 32-70

months)

HRQoL assessed with

Global Health Status Scale

from O to 100 (mean
follow-up: 12 months)

Serious adverse events
(proportion) (short term)

Serious adverse events
(number per participant)
(short term)

Time to disease progres-
sion (median follow-up:
32-70 months)

574 per 1000

The mean
HRQoL was
69.79

252 per 1000

326 per 1000

857 per 1000

463 per 1000 (385 to 547)

MD 4.85 more (7.74 fewer
to 17.44 more)

267 per 1000 (184 to 387)

414 per 1000 (355 to 486)

758 per 1000 (688 to 822)

HR 0.73 (0.57
to 0.93)

RR 1.06 (0.73
to 1.54)

Rate ratio
1.27 (1.09 to
1.49)

HR 0.73 (0.60
to 0.89)

Number of
participants
(studies)

500 (3 RCTs)

71 (1 RCT)

316 (2 RCTs)

184 (1 RCT)

500 (3 RCTs)

Certainty of
the evidence
((e]:7:\0] 3}

DSODO

Moderate®

D00

LowPs<

D00

LowPe

OO0

Moderate®

Se00

LowPs<

Comments

GRADE, Grading of Recommendations, Assessment, Development and Evaluations; SC, Systemic chemotherapy.

a Based on the control group proportions observed in the trials for colorectal and gastric cancer or mean control group proportions observed in the trials for ovarian cancer

b Downgraded one level for imprecision.

¢ Downgraded one level for lack of blinding for a subjective outcome (see Table 2).

d Downgraded one level for unclear randomisation (see Table 2).

e Downgraded one level for heterogeneity in the results between the study that reported data in analysable format compared to the trial that did not report data in analysable format.
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<
<
<
<
|
<

Short-term mortality
No short-term mortality
Short-term mortality
No short-term mortality

No complications (no short-term mortality)
No complications (no short-term mortality)

Complications
Complications

HIPEC+ CRS + chemotherapy
Control

Patients with peritoneal metastases from colorectal, gastric or ovarian cancer

FIGURE 14 Decision tree (HIPEC + CRS + systemic chemotherapy vs. control). Please see detailed description of this decision tree in the text.
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distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
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TABLE 4 Input parameters in decision tree model: colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Parameters

Complications (HIPEC +
CRS)

Short-term mortality
(HIPEC + CRS)

Survival In (HR)

Complications (control)

Short-term mortality
(control)

5-year mortality (control)

Cost (HIPEC + CRS)
complicated

Cost (HIPEC + CRS)
uncomplicated

Cost (control) complicated

Cost (control)
uncomplicated

QoL (complicated HIPEC
+ CRS) (short term)

QoL (uncomplicated
HIPEC + CRS) (short term)

QoL (complicated CRS)
(short term)

QoL (uncomplicated CRS)
(short term)

QoL (long term) HIPEC

QoL (long term) control

Type of

distribution

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

Mean (uniform), number
with event (dichotomous)

34

20

80

16,308.92895

11,939.472

10,568.45695
6199

0.43

0.53

0.43

0.53

0.785
0.785

Number without
event (dichotomous)
99

131

0.2345605

112

130

53

0.57

0.47

0.57

0.47

0.215
0.215

Lower
limit

11,416.25

8357.63

7397.92
4339.3

0.1

0.1

0.1

0.1

0.1
0.1

0.5

0.1

0.5

0.1

21,202

15,521

13,739
8058.7

0.9

0.9

0.9

0.9

0.9
0.9

Source/notes

Systematic review (from Quénet et al.
2021¢?)

Quénet et al. 2021¢2
Systematic review (from Quénet et al.
2021¢?)

Systematic review (from Quénet et al.
2021¢?)

Quénet et al. 2021¢2

Systematic review (from Quénet et al.
2021¢?)

See Appendix 7, Table 17

See Appendix 7, Table 17

See Appendix 7, Table 17
See Appendix 7, Table 17

Hypothetical 0.1 less in complicated
Leimkubhler et al. 2020;%'? EORTC CLQ30
mapped to 5Q5D using Kim et al. 2012%2°
Hypothetically same as HIPEC group

Hypothetically same as HIPEC group

Malcolm et al. 202122
Malcolm et al. 20212

In, natural logarithm.
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TABLE 5 Input parameters in decision tree model: colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Parameters

Complications (HIPEC +
CRS)

Short-term mortality
(HIPEC + CRS)

Survival In (HR)
Complications (control)

Short-term mortality
(control)

5-year mortality (control)

Cost (HIPEC + CRS)
complicated

Cost (HIPEC + CRS)
uncomplicated

Cost (control) complicated

Cost (control)
uncomplicated

QoL (complicated HIPEC
+ CRS) (short term)

QoL (uncomplicated
HIPEC + CRS) (short term)

QoL (complicated CRS)
(short term)

QoL (uncomplicated CRS)
(short term)

QoL (long term) HIPEC

QoL (long term) control

Type of

distribution

Beta

Beta

Continuous
Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

Mean (uniform), number
with event (dichotomous)

34

-0.597837001
10
0

80
24,432.82095

20,063.364

13,072.25695
8702.8

0.43

0.53

0.57

0.67

0.785
0.67

Number without
event (dichotomous)
99

50

0.2775921
41
51

53

0.57

0.47

0.43

0.33

0.215
0.33

Lower
limit

0
17,102.97

14,044.35

9150.58
6091.96

0.1

0.1

0.1

0.1

0.1
0.1

0.5

0.1

2
0.5
0.1

1
31,763

26,082

16,994
11,314

0.9

0.9

0.9

0.9

0.9
0.9

Source/notes

No information from Verwaal et al. 2003;**
therefore used details from Quénet et al. 2021¢2

Verwaal et al. 20034

Systematic review (from Verwaal et al. 20034)
Estimated from (Verwaal et al. 20034)

Verwaal et al. 20034

Systematic review (Verwaal et al. 2003'4)

See Appendix 7, Table 18

See Appendix 7, Table 18

See Appendix 7, Table 18
See Appendix 7, Table 18

Hypothetical 0.1 less in complicated
Leimkubhler et al. 2020;?*? EORTC CLQ30
mapped to 5Q5D using Kim et al. 2012%2°
Hypothetical 0.1 less in complicated

Flyum et al. 2021222

Malcolm et al. 20212

Flyum et al. 2021222

In, natural logarithm.

8EE9OAMM/0TEE 0T :10d

IS 'ON 8Z IOA ¥Z0Z Juawissassy ASojouyda) yiesH



yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

8¢

TABLE 6 Input parameters in decision tree model: gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Parameters

Complications (HIPEC +
CRS)

Short-term mortality
(HIPEC + CRS)

Survival In (HR)

Complications (control)

Short-term mortality
(control)

5-year mortality (control)

Cost (HIPEC + CRS)
complicated

Cost (HIPEC + CRS)
uncomplicated

Cost (control) complicated

Cost (control)
uncomplicated

QoL (complicated HIPEC
+ CRS) (short term)

QoL (uncomplicated
HIPEC + CRS) (short term)

QoL (complicated CRS)
(short term)

QoL (uncomplicated CRS)
(short term)

QoL (long term) HIPEC

QoL (long term) control

Type of

distribution

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

Mean (uniform), number
with event (dichotomous)

-0.446287103

33

20,727.35891

16,357.90196

17,397.58591
13,028.12896

0.43

0.53

0.43

0.53

0.85
0.85

Number without
event (dichotomous)
29

34

0.4782931

30

34

0.57

0.47

0.57

0.47

0.15
0.15

Lower
limit

14,509.15

11,450.53

12,178.31
9119.69

0.1

0.1

0.1

0.1

0.1
0.1

0.5

0.1

0.5

0.1

26,946

21,265

22,617
16,937

0.9

0.9

0.9

0.9

0.9
0.9

Source/notes

Systematic review (from Yang et al.
2011%)

No information

Systematic review (from Yang et al.
2011%)

Systematic review (from Yang et al.
2011%)

No information

Systematic review (from Yang et al.
2011%)

See Appendix 7, Table 19

See Appendix 7, Table 19

See Appendix 7, Table 19
See Appendix 7, Table 19

Hypothetical 0.1 less in complicated
Leimkuhler et al. 2020;%'? EORTC CLQ30
mapped to 5Q5D using Kim et al. 2012%2°
Hypothetically same as HIPEC group

Hypothetically same as HIPEC group

van der Wielen et al. 202222

van der Wielen et al. 202222

In, natural logarithm.
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TABLE 7 Input parameters in decision tree model: gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Parameters

Complications (HIPEC +
CRS)

Short-term mortality
(HIPEC + CRS)

Survival In (HR)
Complications (control)

Short-term mortality
(control)

5-year mortality (control)

Cost (HIPEC + CRS)
complicated

Cost (HIPEC + CRS)
uncomplicated

Cost (control) complicated

Cost (control)
uncomplicated

QoL (complicated HIPEC
+ CRS) (short term)

QoL (uncomplicated
HIPEC + CRS) (short term)

QoL (complicated CRS)
(short term)

QoL (uncomplicated CRS)
(short term)

QoL (long term) HIPEC

QoL (long term) Control

Type of

distribution

Beta

Beta

Continuous
Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

Mean (uniform), number
with event (dichotomous)

-0.916290732

8
32,325.51895

27,956.062

22,785.41695
18,415.96

0.43

0.53

0.54

0.64

0.85
0.64

Number without
event (dichotomous)

29

0.1403205

0.57

0.47

0.46

0.36

0.15
0.36

Lower
limit

0
22,627.86

19,569.24

15,949.79
12,891.17

0.1

0.1

0.1

0.1

0.1
0.1

0.5

0.1

2
0.5
0.1

1
42,023

36,343

29,621
23,941

0.9

0.9

0.9

0.9

0.9
0.9

Source/notes

No information from Rudloff et al. 2014;%4

therefore used details from Yang et al. 2011%3

Rudloff et al. 2014¢*

Systematic review (from Rudloff et al. 2014%4)

No information

No information

Systematic review (from Rudloff et al. 2014¢%)

See Appendix 7, Table 20

See Appendix 7, Table 20

See Appendix 7, Table 20
See Appendix 7, Table 20

Hypothetical 0.1 less in complicated
Leimkuhler et al. 2020;2* EORTC CLQ30
mapped to 5Q5D using Kim et al. 2012%2°
Hypothetical 0.1 less in complicated

Carter et al. 201524

van der Wielen et al. 202222

Carter et al. 201524

In, natural logarithm.
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RESULTS

TABLE 8 Input parameters in decision tree model: ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS +
systemic chemotherapy

Parameters

Complications
(HIPEC + CRS)

Short-term
mortality
(HIPEC + CRS)

Survival In
(HR)

Complications
(control)

Short-term
mortality
(control)

5-year
mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC
+ CRS) (short
term)

QoL (uncom-
plicated
HIPEC + CRS)
(short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long
term) HIPEC

QoL (long
term) control

Type of
distribution

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

Mean
(uniform),

number
with event
(dichotomous)

42

-0.314710745

40

123

15,964.05095

11,594.594

12,336.65695

7967.2

0.5013

0.6013

0.504612

0.604612

0.606

0.606

Number

without event Lower
(dichotomous) limit

115

156

0.124887

119

157

92

0.4987

0.3987

0.495388

0.395388

0.394

0.394

11,174.84

81,16.216

8635.66

5577.04

0.1

0.1

0.1

0.1

0.1

0.1

Upper
limit

0.5

0.1

0.5

0.1

20,753

15,073

16,038

10,357

0.9

0.9

0.9

0.9

0.9

0.9

Source/notes

Systematic review (from van Driel
et al. 2018¢% and Antonio et al.
2022¢%0)

From: van Driel et al. 2018¢° and
Antonio et al. 2022¢°

Systematic review (from van Driel
et al. 2018, Antonio et al. 2022,
Lim et al. 2022¢%)

Systematic review (from van Driel
et al. 2018¢% and Antonio et al.
2022¢%0)

From: van Driel et al. 2018¢° and
Antonio et al. 2022¢°

Systematic review (from van Driel
et al. 2018% and Lim et al. 2022¢?).
The number of deaths was reported
only in these two trials, but the HRs
were reported in the three trials

See Appendix 7, Table 21

See Appendix 7, Table 21

See Appendix 7, Table 21

See Appendix 7, Table 21

Hypothetical 0.1 less in
complicated

Antonio et al. 2022,%° converted
using Kim et al. 201222

Hypothetical 0.1 less in
complicated

Antonio et al. 2022,%° converted
using Kim et al. 201222

Antonio et al. 2022,%° converted
using Kim et al. 20122%°

Antonio et al. 2022,%° converted
using Kim et al. 20122%°

In, natural logarithm.
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TABLE 9 Net monetary benefits (deterministic results)

NMB*®

Treatment £20,000 £30,000

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC + CRS + chemotherapy £13,021 6.3270 £113,519.32 £176,789.54
CRS + chemotherapy £6861 6.3272 £119,682.14 £182,953.73
Incremental £6160 -0.0001 -£6162.83 -£6164.19

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

HIPEC + CRS + chemotherapy £21,074 8.9770 £158,465.13 £248,234.86
Chemotherapy £9560 3.0058 £50,555.67 £80,613.28
Incremental £11,515 5.9712 £107,909.46 £167,621.58

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC + CRS + chemotherapy £16,930 17.1311 £325,692.76 £497,004.04
CRS + chemotherapy £13,542 16.2530 £311,518.04 £474,048.15
Incremental £3388 0.8781 £14,174.73 £22,955.89

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

HIPEC + CRS + chemotherapy £28,563 18.6927 £345,289.89 £532,216.48
Chemotherapy £18,416 14.0955 £263,493.51 £404,448.25
Incremental £10,147 4.5972 £81,796.38 £127,768.23

Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC + CRS + chemotherapy £12,657 6.5189 £117,721.33 £182,910.73
CRS + chemotherapy £9066 4,0013 £70,959.52 £110,972.50
Incremental £3591 2.5176 £46,761.81 £71,938.23

a Calculated at willingness-to-pay thresholds of £20,000 and £30,000 per QALY gained.

The EVPI between was £25 and £39 million per 1000 people (see Table 12). The expected
value of perfect parameter information (EVPPI) could not be estimated because of insufficient
computer memory.

HIPEC + CRS + systemic chemotherapy versus systemic chemotherapy for

colorectal peritoneal metastases

The results of the cost-effectiveness analysis are presented in Tables 9-13 and Figures 18-21. The
deterministic results show that HIPEC + CRS + systemic chemotherapy results in more costs and more
QALYs than systemic chemotherapy alone. The incremental NMBs at WTP of £20,000 and £30,000
were £107,909.46 and £167,621.58, respectively, that is, incremental NMB was more than zero,
indicating that HIPEC + CRS + systemic chemotherapy may be cost-effective compared to systemic
chemotherapy alone in NHS (see Table 9).

The PSA revealed that there was some uncertainty in the incremental NMB (see Table 10). The
scatterplot revealed that the points were clustered in the north-east quadrant, confirming that HIPEC +
CRS + systemic chemotherapy results in more costs and more QALYs than systemic chemotherapy alone
(see Figure 18).

The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to systemic
chemotherapy alone was 89.3% and 90.3% at WTP of £20,000 and £30,000, respectively. The CEAC

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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TABLE 10 Net monetary benefits (probabilistic results)

Treatment

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC £12,463 (95% Cl £9331 to £15,582) 6.1718 (95% Cl 1.1429 to 11.4222)
+CRS +

chemotherapy

CRS + £6528 (95% Cl £4841 to £8204) 5.9786 (95% ClI 1.1814 to 8.4504)
chemotherapy

Incremental £5936 (95% Cl £2049 to £9811) 0.1932 (95% CI -5.8078 to 7.1457)

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

HIPEC £20,596 (95% ClI £15,364 to £25,723) 8.6721(95% Cl 1.5551 to 14.0329)
+CRS +

chemotherapy

Chemotherapy £9130(95% Cl £6766 to £11,462) 2.8728 (95% Cl 0.5562 to 4.5809)

£11,467 (95% Cl £5171 to £17,572) 5.7993(95% Cl -1.7495 to 11.8965)

Incremental

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC £16,927 (95% Cl £12,722 to £21,131) 15.7213 (95% Cl 3.6692 to 18.1617)

+ CRS +

chemotherapy

CRS + £13,543 (95% CI £10,127 to £16,957) 14.9190 (95% Cl 3.4656 to 17.2325)
chemotherapy

Incremental £3383 (95% Cl -£2643 to £9419) 0.8024 (95% Cl -12.5666 to 13.6696)

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

HIPEC £28,156 (95% Cl £20,712 to £35,662) 17.1404 (95% CI 3.9852 to 19.8173)
+ CRS +

chemotherapy

Chemotherapy £18,427 (95% Cl £13,186 to £23,673) 13.5237 (95% Cl 2.4548 to 19.8082)

Incremental £9729 (95% Cl -£664 to £20,215) 3.6167 (95% Cl -12.7241 to 16.9960)

NMB:

£20,000

£110,973 (95% CI £10,397 to £215,978)

£113,045 (95% Cl £17,077 to £162,529)

-£2073 (95% Cl -£122,112 to £137,008)

£152,847 (95% Cl £10,256 to £260,008)

£48,327 (95% Cl £1970 to £82,345)

£104,520 (95% Cl -£46,759 to £227,057)

£297,500 (95% CI £56,485 to £349,456)

£284,836 (95% CI £55,791 to £333,592)

£12,664 (95% Cl -£254,806 to £270,104)

£314,651 (95% Cl £51,404 to £374,273)

£252,046 (95% CI £30,970 to £380,426)

£62,606 (95% Cl -£263,733 to £330,185)

£30,000

£172,691 (95% Cl £21,843 to £330,246)

£172,832 (95% CI £28,877 to £247,011)

-£141 (95% Cl -£180,212 to £208,473)

£239,568 (95% Cl £25,645 to £400,566)

£77,055 (95% ClI £7555 to £128,058)

£162,513 (95% Cl -£64,427 to £345,845)

£454,714 (95% CI £93,228 to £530,854)

£434,025 (95% CI £90,434 to £505,718)

£20,688 (95% CI -£380,551 to £406,649)

£486,055 (95% CI £91,213 to £572,129)

£387,282 (95% CI £55,213 to £578,093)

£98,773 (95% Cl -£390,946 to £500,566)

S1INS3Y



TABLE 10 Net monetary benefits (probabilistic results) (continued)

NMB:

Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC £12,054 (95% CI £9067 to £15,053) 6.3020 (95% Cl 1.1644 to 11.2114) £113,986 (95% CI £11,005 to £211,674) £177,006 (95% Cl £22,564 to £323,785)
+CRS +

chemotherapy

CRS + £8511 (95% Cl £6380 to £10,625) 3.9277 (95% Cl 0.7494 to 6.4870) £70,044 (95% Cl £6390 to £121,491) £109,322 (95% Cl £13,952 to £186,353)
chemotherapy

Incremental £3543 (95% Cl -£463 to £7586) 2.3742 (95% Cl -4.3425 to 8.9759) £43,942 (95% Cl -£90,407 to £176,080) £67,684 (95% Cl -£133,694 to £265,809)

Treatment £20,000 £30,000

a Calculated at willingness-to-pay thresholds of £20,000 and £30,000 per QALY gained.
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RESULTS

TABLE 11 Threshold analysis

Variable

Distribution

Range
tested

Step

Threshold (WTP:
£20,000 per QALY)

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Complications
(HIPEC + CRS)

Short-term
mortality (HIPEC
+ CRS)

Survival In (HR)

Complications
(Control)

Short-term
mortality
(control)

5-year mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC +
CRS) (short term)

QoL (uncompli-
cated HIPEC +
CRS) (short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long term)
HIPEC

QoL (long term)
Control

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

0-0.5

0-0.1

-2to 2

0-0.5

0-0.1

11,391.51-
21,155.66

8332.89-
15,475.37

7397.92-
13,738.99

4339.3-

8058.7

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.05

0.05

0.05

0.05

0.05

0.05

500

500

500

500

0.05

0.05

0.05

0.05

0.05

0.05

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control becomes
cost-effective when
value is O

Control is cost-effective
for the range tested

Intervention becomes
cost-effective when
value is 0.1

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Control is cost-effective
for the range tested

Intervention becomes
cost-effective when
value is 0.85

Control becomes
cost-effective when
value is 0.75

Threshold (WTP:
£30,000 per QALY)

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control becomes
cost-effective when
value is O

Control is cost-
effective for the
range tested

Intervention becomes
cost-effective when
value is 0.05

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Control is cost-
effective for the
range tested

Intervention becomes
cost-effective when
value is 0.85

Control becomes
cost-effective when
value is 0.8
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TABLE 11 Threshold analysis (continued)

Variable

Distribution

Range

tested

Threshold (WTP:
£20,000 per QALY)

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Complications
(HIPEC + CRS)

Short-term
mortality (HIPEC
+ CRS)

Survival In (HR)

Complications
(control)

Short-term
mortality
(control)

5-year mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC +
CRS) (short term)

QoL (uncompli-
cated HIPEC +
CRS) (short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long term)
HIPEC

QoL (long term)
control

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

0-0.5

0-0.1

-2to 2

0-0.5

0-0.1

0-1

17,028.75-

31,624.83

13,970.13-
25,944.54

9150.58-
16,993.93

6091.96-

11,313.64

0.1-0.9

0.1-0.9

0.1t0 0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.05

0.05

0.05

0.05

0.05

0.05

500

500

500

500

0.05

0.05

0.05

0.05

0.05

0.05

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is O

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.35

Intervention is
cost-effective for the
range tested

Health Technology Assessment 2024 Vol. 28 No. 51

Threshold (WTP:
£30,000 per QALY)

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is O

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.3

Intervention is
cost-effective for the
range tested

continued

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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RESULTS

TABLE 11 Threshold analysis (continued)

Range Threshold (WTP:

Threshold (WTP:

Variable £30,000 per QALY)

Distribution tested Step £20,000 per QALY)

36

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Complications
(HIPEC + CRS)

Short-term
mortality (HIPEC
+ CRS)

Survival In (HR)

Complications
(control)

Short-term
mortality
(control)

5-year mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC +
CRS) (short term)

QoL (uncompli-
cated HIPEC +
CRS) (short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long term)
HIPEC

QoL (long term)
control

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

0-0.5

0-0.1

-2to 2

0-0.5

0-0.1

0-1

14,459.67-

26,853.67

11,401.05-
21,173.38

12,178.31-
22,616.86

9119.69-

16,936.57

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.05

0.05

0.05

0.05

0.05

0.05

500

500

500

500

0.05

0.05

0.05

0.05

0.05

0.05

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is 0.05

Control becomes
cost-effective when
value is -0.05

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is 0.05

Control becomes
cost-effective when
value is O

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested
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TABLE 11 Threshold analysis (continued)

Range Threshold (WTP:

Threshold (WTP:

Variable £30,000 per QALY)

Distribution tested Step £20,000 per QALY)

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Complications
(HIPEC + CRS)

Short-term
mortality (HIPEC
+ CRS)

Survival In (HR)

Complications
(control)

Short-term
mortality
(control)

5-year mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC +
CRS) (short term)

QoL (uncompli-
cated HIPEC +
CRS) (short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long term)
HIPEC

QoL (long term)
control

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

0-0.5

0-0.1

-2to 2

0-0.5

0-0.1

0-1

22,603.12-

41,977.23

19,544.5-
36,296.93

15,949.79-
29,621.04

12,891.17-

23,940.75

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.05

0.05

0.05

0.05

0.05

0.05

500

500

500

500

0.05

0.05

0.05

0.05

0.05

0.05

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.7

Control becomes
cost-effective when
value is 0.85

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.7

Control becomes
cost-effective when
value is 0.85

continued
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RESULTS

TABLE 11 Threshold analysis (continued)

Range Threshold (WTP:

Threshold (WTP:

Variable £30,000 per QALY)

Distribution tested Step £20,000 per QALY)

38

Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Complications
(HIPEC + CRS)

Short-term
mortality (HIPEC
+ CRS)

Survival In (HR)

Complications
(control)

Short-term
mortality
(control)

5-year mortality
(control)

Cost (HIPEC
+ CRS)
complicated

Cost (HIPEC
+ CRS)
uncomplicated

Cost (control)
complicated

Cost (control)
uncomplicated

QoL (compli-
cated HIPEC +
CRS) (short term)

QoL (uncompli-
cated HIPEC +
CRS) (short term)

QoL (compli-
cated CRS)
(short term)

QoL (uncom-
plicated CRS)
(short term)

QoL (long term)
HIPEC

QoL (long term)
control

Beta

Beta

Continuous

Beta

Beta

Beta

Uniform

Uniform

Uniform

Uniform

Beta

Beta

Beta

Beta

Beta

Beta

0-0.5

0-0.1

-2to 2

0-0.5

0-0.1

0-1

11,100.62-

20,615.43

8042-
14,935.13

8635.66-
16,037.65

5577.04-

10,357.36

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.1-0.9

0.05

0.05

0.05

0.05

0.05

0.05

500

500

500

500

0.05

0.05

0.05

0.05

0.05

0.05

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is O

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.4

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Control becomes
cost-effective when
value is O

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention is
cost-effective for the
range tested

Intervention becomes
cost-effective when
value is 0.4

Intervention is
cost-effective for the
range tested

In, natural logarithm.
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TABLE 12 Expected value for perfect information (per 1000 people)

Willingness-to-pay threshold

£20,000 £30,000
Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

£25,489,715.67 £39,621,153.71
Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

£3,169,055.03 £4,155,359.80
Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

£31,579,625.20 £46,847,924.61
Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

£29,220,352.71 £41,999,823.03
Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

£12,781,413.10 £18,668,735.51

TABLE 13 Expected value for perfect parameter information (per 1000 people)

Parameters WTP threshold: £20,000 WTP threshold: £30,000

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Probabilities Not estimable? Not estimable?
Costs Not estimable? Not estimable?
QoL Not estimable? Not estimable?

Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Probabilities £2,841,100.52 £3,744,343.32
Costs £3,217,756.26 £4,247,070.12
QoL £214,928.69 £219,547.80

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Probabilities Not estimable? Not estimable?
Costs Not estimable? Not estimable?
QoL Not estimable? Not estimable?

Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Probabilities £29,139,433.25 £41,796,876.45
Costs £29,196,348.60 £42,016,418.43
QoL - -

Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

Probabilities £12,325,971.11 £17,989,799.71
Costs £13,308,599.36 £19,451,913.17
QoL £58,459.84 £71,190.49

a Not estimable because of computing power required.
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FIGURE 15 Scatterplot (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy). The
scatterplot shows that the points are clustered in the north-east and north-west quadrants, indicating that HIPEC + CRS +
systemic chemotherapy results in more costs and similar QALYs as CRS + systemic chemotherapy.

100% A
90% A
80% -
70% A
60% A

50% A
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Probability that intervention is cost-effective
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FIGURE 16 Cost-effectiveness acceptability curve (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS
+ systemic chemotherapy). The cost-effectiveness acceptability curve indicates that the likelihood of HIPEC + CRS

+ systemic chemotherapy being cost-effective compared to CRS + systemic chemotherapy was around 50% at WTP
thresholds up to £60,000.
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Univariate sensitivity analysis (tornado plot)

Complications (HIPEC + CRS) (0 t0 0.5)

Short-term mortality (HIPEC + CRS) (0 to 0.1)

Survival In (hazard ratio) (-2 to 2)

Complications (control) (0 to 0.5)

Short-term mortality (control) (O to 0.1)

5-year mortality (control) (O to 1)

Cost (HIPEC + CRS) complicated (11,391.51to 21,155.66)
Cost (HIPEC + CRS) uncomplicated (8,332.89 to 15,475.37) B Low
Cost (control) complicated (7,397.92 to 13,738.99) High
Cost (control) uncomplicated (4,339.3 to 8,058.7)
QoL (complicated HIPEC + CRS) (short-term) (0.1 to 0.9)
QoL (uncomplicated HIPEC + CRS) (short-term) (0.1 to 0.9)
QoL (complicated CRS) (short-term) (0.1 to 0.9)
QoL (uncomplicated CRS) (short-term) (0.1 to 0.9)
QoL (long-term) HIPEC (0.1 to 0.9)

QoL (long-term) control (0.1 to 0.9)

-150,000  -100,000 -50,000 0 50,000 100,000 150,000 200,000
Incremental net monetary benefit (£) at willingness-to-pay threshold of £20,000

FIGURE 17 Tornado plot (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy).
The univariate sensitivity analysis reveals that the major uncertainties relate to the effectiveness of HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy in terms of survival and long-term HRQoL. In, natural logarithm.
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£20,000.0 1
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FIGURE 18 Scatterplot (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone).
The scatterplot shows that the points are clustered in the north-east quadrant, indicating that HIPEC + CRS + systemic
chemotherapy results in more costs and more QALYs than systemic chemotherapy alone.
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FIGURE 19 Cost-effectiveness acceptability curve (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic
chemotherapy alone). The cost-effectiveness acceptability curve indicates that the likelihood of HIPEC + CRS + systemic
chemotherapy being cost-effective compared to systemic chemotherapy alone was around 90% at WTP thresholds
>£10,000 up to £60,000.

Univariate sensitivity analysis (tornado plot)

Complications (HIPEC + CRS) (0 to 0.5)

Short-term mortality (HIPEC + CRS) (0 to 0.1)

Survival In (hazard ratio) (-2 to 2)

Complications (control) (O to 0.5)

Short-term mortality (control) (O to 0.1)

5-year mortality (control) (O to 1)

Cost (HIPEC + CRS) complicated (17,028.75 to 31,624.83)

Cost (HIPEC + CRS) uncomplicated (13,970.13 to 25,944.54)

Cost (control) complicated (9150.58 to 16,993.93)

Cost (control) uncomplicated (6091.96 to 11,313.64)

QoL (complicated HIPEC + CRS) (short-term) (0.1 to 0.9)
QoL (uncomplicated HIPEC + CRS) (short-term) (0.1 to 0.9)
QoL (complicated CRS) (short-term) (0.1 to 0.9)

QoL (uncomplicated CRS) (short-term) (0.1 to 0.9)

QoL (long-term) HIPEC (0.1 t0 0.9)

QoL (long-term) control (0.1 to 0.9)

-100,000 -50,000 0 50,000 100,000 150,000 200,000 250,000 300,000

Incremental net monetary benefit (£) at willingness-to-pay threshold of £20,000

FIGURE 20 Tornado plot (colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone). The
univariate sensitivity analysis reveals that the major uncertainties relate to the effectiveness of HIPEC + CRS + systemic
chemotherapy versus systemic chemotherapy alone in terms of survival and long-term HRQoL. In, natural logarithm.
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EVPPI

(per 1000 people)
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£2,500,000 -
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£0 -

Probabilities Costs Quality of life

FIGURE 21 Expected value of perfect parameter information (colorectal cancer: HIPEC + CRS + systemic chemotherapy
vs. systemic chemotherapy alone).

curve indicated that the likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective
compared to systemic chemotherapy alone was around 90% at WTP thresholds >£10,000 up to
£60,000 (see Figure 19).

The univariate sensitivity analysis revealed that HIPEC + CRS + systemic chemotherapy was cost-
effective compared to systemic chemotherapy alone for most of the parameters for the entire range
tested (see Table 11). The main parameters when the intervention becomes cost-effective was when
HIPEC + CRS + systemic chemotherapy results in better survival and better long-term HRQoL compared
systemic chemotherapy alone (see Table 11; Figure 20).

The EVPI was between £3 and £4 million per 1000 people (see Table 12). The EVPPI shows that the
main uncertainties appear to be in the probabilities and costs (see Table 13; Figure 21).

Gastric cancer

HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy for

gastric peritoneal metastases

The results of the cost-effectiveness analysis are presented in Tables 9-13, Figures 22-24. The
deterministic results show that HIPEC + CRS + systemic chemotherapy results in more costs and more
QALYs than CRS + systemic chemotherapy. The incremental NMBs at WTP of £20,000 and £30,000
were £14,174.73 and £22,955.89, respectively, that is, incremental NMB was more than zero, indicating
that HIPEC + CRS + systemic chemotherapy may be cost-effective compared to CRS + systemic
chemotherapy in NHS (see Table 9).

The PSA revealed that there was considerable uncertainty in the incremental NMB (see Table 10). The
scatterplot revealed that the points were clustered in the north quadrants, confirming that HIPEC +
CRS + systemic chemotherapy results in more costs than CRS + systemic chemotherapy, but there is
uncertainty in QALYs compared to CRS + systemic chemotherapy (see Figure 22).

The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS +
systemic chemotherapy was 69.8% and 70.3% at WTP of £20,000 and £30,000, respectively. The CEAC
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FIGURE 22 Scatterplot (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy).
The scatterplot shows that the points are clustered in the north quadrant, indicating that HIPEC + CRS + systemic
chemotherapy results in more costs, but there is uncertainty in QALYs than CRS + systemic chemotherapy.
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FIGURE 23 Cost-effectiveness acceptability curve (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS
+ systemic chemotherapy). The cost-effectiveness acceptability curve indicates that the likelihood of HIPEC + CRS
+ systemic chemotherapy being cost-effective compared to CRS + systemic chemotherapy was around 70% at WTP
thresholds >£10,000 up to £60,000.
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Univariate sensitivity analysis (tornado plot)

Complications (HIPEC + CRS) (0-0.5)

Short-term mortality (HIPEC + CRS) (0-0.1)

Survival In (hazard ratio) (-2 to 2)

Complications (control) (0-0.5)

Short-term mortality (control) (0-0.1)

5-year mortality (control) (0-1)

Cost (HIPEC + CRS) complicated (14,459.67-26,853.67)
Cost (HIPEC + CRS) uncomplicated (11,401.05-21,173.38)

Cost (control) complicated (12,178.31-22,616.86) High

Cost (control) uncomplicated (9119.69-16,936.57)

QoL (complicated HIPEC + CRS) (short-term) (0.1-0.9)

QoL (uncomplicated HIPEC + CRS) (short-term) (0.1-0.9)

QoL (complicated CRS) (short-term) (0.1-0.9)

QoL (uncomplicated CRS) (short-term) (0.1-0.9)

QoL (long-term) HIPEC (0.1-0.9)

QoL (long-term) control (0.1-0.9)
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FIGURE 24 Tornado plot (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy). The
univariate sensitivity analysis reveals that the major uncertainties relate to the effectiveness of HIPEC + CRS + systemic
chemotherapy vs. CRS + systemic chemotherapy in terms of survival and long-term HRQoL. In, natural logarithm.

curve indicated that the likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective
compared to CRS + systemic chemotherapy was around 70% at WTP thresholds >£10,000 up to
£60,000 (see Figure 23).

The univariate sensitivity analysis revealed that HIPEC + CRS + systemic chemotherapy was cost-
effective compared to CRS + systemic chemotherapy for most of the parameters for the entire range
tested (see Table 11). The main parameters when the intervention becomes cost-effective was when
HIPEC + CRS + systemic chemotherapy results in better survival and better long-term HRQoL compared
to CRS + systemic chemotherapy (see Table 11; Figure 24).

The EVPI was between £32 million and £47 million per 1000 people (see Table 12). The EVPPI could not
be estimated because of insufficient computer memory.

HIPEC + CRS + systemic chemotherapy versus systemic chemotherapy for gastric
peritoneal metastases

The results of the cost-effectiveness analysis are presented in Tables 9-13, Figures 25-28. The
deterministic results show that HIPEC + CRS + systemic chemotherapy results in more costs and more
QALYs than systemic chemotherapy alone. The incremental NMBs at WTP of £20,000 and £30,000
were £81,796.38 and £127,768.23, respectively, that is, incremental NMB was more than zero,
indicating that HIPEC + CRS + systemic chemotherapy may be cost-effective compared to systemic
chemotherapy alone in the NHS (see Table 9).
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FIGURE 25 Scatterplot (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone). The
scatterplot shows that the points are clustered in the north-east quadrant, indicating that HIPEC + CRS + systemic
chemotherapy results in more costs and more QALYs than systemic chemotherapy alone.
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FIGURE 26 Cost-effectiveness acceptability curve (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic
chemotherapy alone). The cost-effectiveness acceptability curve indicates that the likelihood of HIPEC + CRS + systemic
chemotherapy being cost-effective compared to systemic chemotherapy alone was around 55-65% at WTP thresholds
>£10,000 up to £60,000.
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Univariate sensitivity analysis (tornado plot)

Complications (HIPEC + CRS) (0-0.5)

Short-term mortality (HIPEC + CRS) (0-0.1)

Survival In (hazard ratio) (-2 to 2)

Complications (control) (0-0.5)

Short-term mortality (control) (0-0.1)

5-year mortality (control) (0-1)

Cost (HIPEC + CRS) complicated (22,603.12-41,977.23)

Cost (HIPEC + CRS) uncomplicated (19,544.5-36,296.93)

Cost (control) complicated (15,949.79-29,621.04)

Cost (control) uncomplicated (12,891.17-23,940.75)
QoL (complicated HIPEC + CRS) (short-term) (0.1-0.9)
QoL (uncomplicated HIPEC + CRS) (short-term) (0.1-0.9)
QoL (complicated CRS) (short-term) (0.1-0.9)

QoL (uncomplicated CRS) (short-term) (0.1-0.9)

QoL (long-term) HIPEC (0.1-0.9)

QoL (long-term) control (0.1-0.9)
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FIGURE 27 Tornado plot (gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone). The
univariate sensitivity analysis reveals that the major uncertainties relate to the effectiveness of HIPEC + CRS + systemic
chemotherapy vs. systemic chemotherapy alone in terms of long-term HRQoL. In, natural logarithm.
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FIGURE 28 Expected value of perfect parameter information (gastric cancer: HIPEC + CRS + systemic chemotherapy vs.
systemic chemotherapy alone).
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The PSA revealed that there was considerable uncertainty in the incremental NMB (see Table 10). The
scatterplot revealed that the points were clustered in the north-east quadrant, confirming that HIPEC +
CRS + systemic chemotherapy results in more costs and more QALYs than systemic chemotherapy alone
(see Figure 25).

The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to systemic
chemotherapy alone was 63.0% and 64.9% at WTP of £20,000 and £30,000, respectively. The CEAC
curve indicated that the likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective
compared to systemic chemotherapy alone was around 55-65% at WTP thresholds >£10,000 up to
£60,000 (see Figure 26).

The univariate sensitivity analysis revealed that HIPEC + CRS + systemic chemotherapy was cost-
effective compared to systemic chemotherapy alone for most of the parameters for the entire range
tested (see Table 11). The main parameters when the intervention becomes cost-effective was when
HIPEC + CRS + systemic chemotherapy results in better long-term HRQoL compared to systemic
chemotherapy alone (see Table 11; Figure 27).

The EVPI was between £29 and £42 million per 1000 people (see Table 12). The EVPPI shows that the
main uncertainties appear to be in the probabilities and costs (see Table 13; Figure 28).

Ovarian cancer (stage lll or greater epithelial ovarian cancer requiring interval

cytoreductive surgery)

The results of the cost-effectiveness analysis are presented in Tables 9-13 and Figures 29-32. The
deterministic results show that HIPEC + CRS + systemic chemotherapy results in more costs and more QALYs
than CRS +systemic chemotherapy. The incremental NMBs at WTP of £20,000 and £30,000 were £46,761.81
and £71,938.23, respectively, that is, incremental NMB was more than zero, indicating that HIPEC + CRS +
systemic chemotherapy was cost-effective compared to CRS +systemic chemotherapy in NHS (see Table 9).

The PSA revealed that there was considerable uncertainty in the incremental NMB (see Table 10).
The scatterplot revealed that the points were clustered in the north-east quadrant, confirming that
HIPEC + CRS + systemic chemotherapy results in more costs and more QALYs than CRS + systemic
chemotherapy (see Figure 29).

The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS + systemic
chemotherapy was 71.9% and 72.4% at WTP of £20,000 and £30,000, respectively. The CEAC curve
indicated that the likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to CRS
+ systemic chemotherapy was around 70% at WTP thresholds >£10,000 up to £60,000 (see Figure 30).

The univariate sensitivity analysis revealed that HIPEC + CRS + systemic chemotherapy was cost-
effective compared to CRS + systemic chemotherapy for most of the parameters for the entire range
tested (see Table 11). The main parameters when the intervention becomes cost-effective were when
HIPEC + CRS + systemic chemotherapy results in better survival and better long-term HRQoL compared
to CRS + systemic chemotherapy (see Table 11; Figure 31).

The EVPI was between £13 and £19 million per 1000 people (see Table 12). The EVPPI shows that the
main uncertainties appear to be in the probabilities and costs (see Table 13; Figure 32).

Sensitivity analysis
Sensitivity analysis using real-life data did not make major changes to the conclusions of the

cost-effectiveness analysis.

Summary of cost-effectiveness analysis
The summary of cost-effectiveness analysis is available in Table 14.
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FIGURE 29 Scatterplot (ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy).
The scatterplot shows that the points are clustered in the north-east quadrant, indicating that HIPEC + CRS + systemic
chemotherapy results in more costs and more QALYs than CRS + systemic chemotherapy.
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FIGURE 30 Cost-effectiveness acceptability curve (ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS +
systemic chemotherapy). The cost-effectiveness acceptability curve indicates that the likelihood of HIPEC + CRS + systemic
chemotherapy being cost-effective compared to CRS + systemic chemotherapy was around 70% at WTP thresholds
>£10,000 up to £60,000.
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Univariate sensitivity analysis (tornado plot)

Complications (HIPEC + CRS) (0-0.5)

Short-term mortality (HIPEC + CRS) (0-0.1)

Survival In (hazard ratio) (-2 to 2)
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FIGURE 31 Tornado plot (ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy). The
univariate sensitivity analysis reveals that the major uncertainties relate to the effectiveness of HIPEC + CRS + systemic
chemotherapy vs. CRS + systemic chemotherapy in terms of survival and long-term HRQoL. In, natural logarithm.
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FIGURE 32 Expected value of perfect parameter information (ovarian cancer: HIPEC + CRS + systemic chemotherapy vs.
CRS + systemic chemotherapy).
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TABLE 14 Summary of cost-effectiveness analysis (colorectal, gastric and stage Ill or greater epithelial ovarian cancers)

Cancer Probability of being Incremental net benefits

type Control® cost-effective (%) (deterministic analysis) Incremental net benefits (PSA)

WTP threshold: £20,000

Colorectal CRS + systemic 46.5 -£6162.83 -£2073 (95% Cl -£122,112 to £137,008)
cancer chemotherapy
Colorectal Systemic 89.3 £107,909.46 £104,520 (95% CI -£46,759 to £227,057)
cancer chemotherapy

alone
Gastric CRS + systemic 69.8 £14,174.73 £12,664 (95% Cl -£254,806 to £270,104)
cancer chemotherapy
Gastric Systemic 63.0 £81,796.38 £62,606 (95% Cl -£263,733 to £330,185)
cancer chemotherapy

alone
Ovarian CRS + systemic 71.9 £46,761.81 £43,942 (95% Cl -£90,407 to £176,080)
cancer chemotherapy

WTP threshold: £30,000

Colorectal CRS + systemic 47.6 -£6164.19 -£141 (95% Cl -180,212 to £208,473)
cancer chemotherapy
Colorectal Systemic 90.3 £167,621.58 £162,513 (95% Cl -£64,427 to £345,845)
cancer chemotherapy

alone
Gastric CRS + systemic 70.3 £22,955.89 £20,688 (95% Cl -£380,551 to £406,649)
cancer chemotherapy
Gastric Systemic 64.9 £127,768.23 £98,773 (95% Cl -£390,946 to £500,566)
cancer chemotherapy

alone
Ovarian CRS + systemic 72.4 £71,938.23 £67,684 (95% Cl -£133,694 to £265,809)
cancer chemotherapy

a Intervention is HIPEC + CRS + systemic chemotherapy.
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Chapter 6 Discussion

Systematic review

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 those for ovarian cancer contained only one trial.

In people with peritoneal metastases from colorectal cancer, HIPEC + 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 group,
HIPEC + CRS + systemic chemotherapy probably decreases all-cause mortality compared to systemic
chemotherapy alone.

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

HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy on all-cause mortality. In
the same patient group, HIPEC + CRS + systemic chemotherapy probably decreases all-cause mortality
compared to systemic chemotherapy.

In women with stage Il or greater epithelial ovarian cancer requiring interval CRS after chemotherapy,
HIPEC + CRS + systemic chemotherapy probably results in lower all-cause mortality compared to CRS +
systemic chemotherapy.

Although the exploratory panoramic meta-analysis showed that there is little or no difference in the all-
cause mortality in any of the cancer types, it should be noted that clinically, it is probably inappropriate
to combine the different cancer types. Therefore, the results from the analysis where the different
cancer types are analysed separately should be used for clinical decisions.

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

Controversies in interpretation of data

Clinical experts in treatment of peritoneal metastases have raised concerns about the PRODIGE-7
trial.??® In addition, when we presented our results and interpretation to clinicians and the research
steering group of this project, concerns were raised about our recommendations based on PRODIGE-7.

The major concerns about the PRODIGE-7 trial were as follows.

1. The first concern was about the control group used in PRODIGE-7 trial: the control group used was
CRS + systemic chemotherapy®? rather than systemic chemotherapy alone, which was the main
alternative to HIPEC + CRS + systemic chemotherapy at the time when PRODIGE-7 trial began.
The trial by Verwaal et al.,** which resulted in wider adoption of HIPEC + CRS + systemic chemo-
therapy, found that HIPEC + CRS + systemic chemotherapy resulted in a 45% relative reduction
in the hazard rate of deaths compared to systemic chemotherapy alone. This trial by Verwaal et al.
was designed to answer whether HIPEC + CRS + systemic chemotherapy decreased mortality than
fluorouracil-based systemic chemotherapy commonly used at that time, and the trial answered that
question with the least amount of bias. The trial by Verwaal et al. was not intended or designed
to find which component of the complex treatment was responsible for the survival benefit and
whether there was synergy (positive interaction) between the different components. When a com-
plex intervention such as HIPEC + CRS is given in addition to systemic chemotherapy, the effect
observed in the trial by Verwaal et al. could have been because of the surgery (CRS), the prolonged
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wash of the abdomen, the heat, the additional chemotherapy agent (mitomycin) given intraperito-
neally or a combination of these. In the PRODIGE-7 trial, the investigators tested the added value
of HIPEC (which requires special equipment, additional drugs and technicians with expertise in
running the machine) to CRS, which requires mainly surgical expertise. This was an excellent and
clinically relevant comparison, as it would have been unethical to use systemic chemotherapy alone
as the comparator group in PRODIGE-7 when the trial by Verwaal et al.** showed a large survival
benefit.

2. The second concern was about the sample size of the study. The trial was designed to measure a
reasonably large benefit with HIPEC (a relative reduction of hazard rate of 37.5%), but this benefit
was less than that observed in Verwaal et al. (45%)."* There were no concerns raised about the ex-
pected benefit of HIPEC used to determine the sample size in PRODIGE-7 trial until the results of
the PRODIGE-7 trial became available, indicating that clinicians and researchers assumed that the
effect observed in the trial by Verwaal et al. was mostly due to HIPEC.

3. The third concern was about the use of HIPEC in patients in the CRS arm who developed re-
current peritoneal metastases [16/132 (12%)]. The PRODIGE-7 trial authors performed an
intention-to-treat analysis and calculated the effect of whether a patient with colorectal peri-
toneal metastases should receive HIPEC + CRS + systemic chemotherapy or CRS + systemic
chemotherapy when they present with colorectal peritoneal metastases. They also performed a
per-protocol analysis which excluded these participants: the effect of HIPEC + CRS + systemic
chemotherapy compared to CRS + systemic chemotherapy on survival was not changed by this
per-protocol analysis.

4. The fourth concern was about the agent used and its dose and duration. A proportion of partic-
ipants in both groups in the PRODIGE-7 trial received preoperative oxaliplatin-based systemic
chemotherapy, which could make the cancer cells resistant to the drug used in HIPEC (and there-
fore reduce its effectiveness). The median survival of the participants in the HIPEC + CRS + sys-
temic chemotherapy group in PRODIGE-7 trial was 41.8 months which was much higher than that
observed in the participants in the HIPEC + CRS + systemic chemotherapy group in the trial by
Verwaal et al., which was 22.4 months. The differences are probably due to the improvements in
the systemic chemotherapy, the perioperative care and the general improvement in health care
over time. However, this makes the hypothesis that the ‘lack of effect of HIPEC in PRODIGE-7 was
because of inadequate HIPEC' unlikely and the hypothesis that ‘the major effect observed in the
HIPEC + CRS + systemic chemotherapy in the trial by Verwaal et al. was because of CRS and/or the
additional chemotherapy agent used’ more likely.

5. Another concern was the conclusion that HIPEC + CRS + systemic chemotherapy was not better
than CRS + systemic chemotherapy when the survival was better in a subgroup of patients with
Peritoneal Cancer Index (PCI) of 11-15 in PRODIGE-7. As the PRODIGE-7 authors correctly point
out, the promising results of HIPEC + CRS + systemic chemotherapy versus CRS + systematic
chemotherapy based on an exploratory post hoc analysis can be used to guide further research. The
main reasons why these cannot be used to guide clinical practice are that the participant randomis-
ation was not stratified by PCI, the analysis was post hoc and the classification of patients into PCI
groups of <11, 11-15 and > 15 was based on the data observed rather than a pre-existing classifi-
cation into these subgroups. Furthermore, there is considerable uncertainty on how to measure PCI
before or during surgery.?2¢ The PCl measured during open surgery is a considerable overestimation
of PCl compared to that based on pathology.??’ It is unlikely that the PCl measured by diagnostic
laparoscopy is better than that during open surgery. This uncertainty makes PCl measured preoper-
atively or during operation an unreliable tool to select patients for HIPEC + CRS + systemic chemo-
therapy.

6. Another major concern raised was whether it was appropriate to change existing clinical practice
based on the few RCTs included in this project and whether we should rely on non-randomised
studies to guide the treatment; after all, one does not need a RCT to find the effectiveness of a
parachute while jumping from height. There are several reasons why this analogy of comparing the
effectiveness of HIPEC + CRS + systemic chemotherapy based on non-randomised studies to the
effectiveness of parachute (based on non-randomised studies) is inappropriate.
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a. The first reason is the reliability of evidence from non-randomised studies. We did not find
any non-randomised study in which similar participants with colorectal peritoneal metastases
underwent HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy or
systemic chemotherapy alone. Therefore, any non-randomised studies comparing HIPEC +
CRS + systemic chemotherapy and systemic chemotherapy alone are likely to be heavily biased
in favour of HIPEC + CRS + systemic chemotherapy, as patients who have limited cancer
spread and likely to withstand major surgery would have received HIPEC + CRS + systemic
chemotherapy, while those with more extensive cancer spread or unlikely to withstand major
surgery would have received the control intervention of systemic chemotherapy alone. The
evidence from such non-randomised studies with confounding bias is likely to be low- or very
low-certainty evidence. The GRADE handbook provides some guidance on the scenarios when
strong recommendations can be made based on low-certainty evidence. The scenario that is
closest to the argument of parachute analogy is when low-quality evidence suggests benefit in
a life-threatening situation. CRS + systemic chemotherapy provides equivalent median survival
of 41 months as HIPEC + CRS + systemic chemotherapy. When there is an existing, less inva-
sive treatment that provides equivalent survival, it can hardly be considered life-threatening to
warrant recommendations based on low or very low-certainty evidence.

b. The second reason is that treatments should be based on best available evidence. By best avail-
able evidence, we mean evidence from RCTs and well-designed and delivered observational
studies at low risk of bias rather than based on healthcare professional’'s memory of the results
from clinical practice. This is because of confirmation bias. Confirmation bias is a form of bias
that gives preferential treatment to evidence supporting existing beliefs over those that count-
er the belief.??® This can happen unwittingly and therefore might be an unconscious bias.??
Because of this confirmation bias, the healthcare professionals may remember their successes
more than their failures with HIPEC + CRS + systemic chemotherapy if they believe that HIPEC
+ CRS + systemic chemotherapy is beneficial to patients (and it is reasonable to say that it is
because of this belief that they recommend HIPEC + CRS + systemic chemotherapy to the pa-
tient). One way to overcome this bias is to have a prospective, independently verifiable register
in which all people with peritoneal metastases are enrolled prior to making treatment deci-
sions. If such a prospective register shows that the median survival in people who have limited
peritoneal involvement and likely to withstand major surgery have better survival with HIPEC
+ CRS + systemic chemotherapy than CRS + systemic chemotherapy, then one can make a
case for using HIPEC + CRS + systemic chemotherapy over CRS + systemic chemotherapy. But
until such time, the treatment decisions should be based on currently available moderate- or
high-certainty evidence.

c. It should also be noted that HIPEC + CRS + systemic chemotherapy costs considerably more
than CRS + systemic chemotherapy. Even if HIPEC + CRS + systemic chemotherapy is per-
formed at expert centres, there is no clinical reasoning to expect lower complication rates and
length of hospital stay with HIPEC + CRS + systemic chemotherapy compared to CRS + sys-
temic chemotherapy. In a state-funded healthcare system with limited resources, the resources
should be spent on maximising the health of the whole population. Therefore, HIPEC + CRS
+ systemic chemotherapy using any regimen cannot be recommended over CRS + systemic
chemotherapy in a state-funded healthcare system such as NHS until new evidence emerges.

There were other recommendations which warrant further explanation. We have made a strong
recommendation for CRS + systemic chemotherapy versus systemic chemotherapy alone for colorectal
cancers. Moderate-certainty evidence indicated that HIPEC + CRS + systemic chemotherapy improved
survival compared to systemic chemotherapy alone. While we acknowledge that the systemic
chemotherapy used in the comparison of HIPEC + CRS + systemic chemotherapy is not the current
treatment regimen used for disseminated colorectal cancers and the comparison was between HIPEC

+ CRS + systemic chemotherapy versus systemic chemotherapy alone (rather than CRS + systemic
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
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of disseminated colorectal cancers in England between 2013 and 2017 was < 1 year.??’ This is indirect
evidence for the survival benefit of CRS + systemic chemotherapy compared to systemic chemotherapy
alone. However, because of the indirectness in evidence, the certainty of evidence will be downgraded
to low. As mentioned previously, there are some situations that strong recommendations can be made
using GRADE system despite low-certainty evidence. As low-certainty evidence suggests considerable
survival benefits with CRS + systemic chemotherapy in a situation with very poor survival in the absence
of CRS, we have made a strong recommendation for CRS + systemic chemotherapy when adequate
expertise is available.

For gastric cancer, there is high uncertainty about the effect of HIPEC + CRS + systemic chemotherapy
versus CRS + systemic chemotherapy on all-cause mortality. The evidence suggests that HIPEC + CRS
+ systemic chemotherapy probably decreases all-cause mortality compared to systemic chemotherapy.
However, the results are based on a single trial of 17 participants. Furthermore, the effects were
estimated from Kaplan-Meier curves, which might potentially have resulted in errors. Because

of the very small number of participants included in a single trial, estimation of effect estimates

from Kaplan-Meier curves and the very low certainty related to whether HIPEC + CRS + systemic
chemotherapy offers any benefit over CRS + systemic chemotherapy in patients with gastric cancer and
peritoneal metastases, we have indicated no recommendation as to whether HIPEC + CRS + systemic
chemotherapy or systemic chemotherapy alone should be used in people with gastric cancer and
peritoneal metastases.

For stage Il or greater epithelial ovarian cancer undergoing interval CRS, HIPEC + CRS + systemic
chemotherapy probably results in lower all-cause mortality compared to CRS + systemic chemotherapy.
It may result in little to no difference in HRQoL or number of people who developed serious adverse
events compared to CRS + systemic chemotherapy. Although the number of serious adverse events

per participant is probably higher with HIPEC + CRS + systemic chemotherapy than with CRS +
systemic chemotherapy, this has to be put into context of lower mortality compared to CRS + systemic
chemotherapy. Therefore, HIPEC + CRS + systemic chemotherapy should be routinely offered to women
with ovarian cancer and peritoneal metastases.

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 comparison, 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 is because of the small sample sizes in the trials and the overall comparisons.

Overall, the balance of benefits and harms appears to be favourable for HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy in stage Il or greater epithelial ovarian cancer
requiring interval CRS because of improvement in survival with HIPEC + CRS + systemic chemotherapy
but not for other cancers. The balance of benefits and harms appears to be against HIPEC + CRS +
systemic chemotherapy versus CRS + systemic chemotherapy for colorectal cancer, as the HIPEC group
had more serious complications than CRS + systemic chemotherapy. It is highly likely that longevity

of life and HRQoL are the two major outcomes that determine the treatment choices of people with
cancer, and there is nothing to suggest that improvement in one is associated with worsening of the
other. Therefore, we have made strong recommendations for clinical practice for HIPEC + CRS +
systemic chemotherapy versus CRS + systemic chemotherapy for colorectal and ovarian cancers.

Overall completeness and applicability of evidence

We included only colorectal cancer, gastric cancer and stage Il or greater epithelial ovarian cancer with
peritoneal metastases. The participants 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 metastases confined to the peritoneum.
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It should be noted that all trials included in this review included systemic chemotherapy in both arms.
Therefore, the evidence applies to people with peritoneal metastases receiving systemic chemotherapy.

It should also be noted that the findings of this review are not applicable to patients without peritoneal
metastases; therefore, this review does not answer the question whether HIPEC is useful in people
without peritoneal metastases who undergo CRS + systemic chemotherapy and cannot be used to guide
clinical practice in people without peritoneal metastases. This review also does not answer the question
whether peritoneal recurrence after treatment of peritoneal metastases (with or without HIPEC) should
be treated with HIPEC.

The clinical recommendations related to CRS + systemic chemotherapy in colorectal peritoneal
metastases are only applicable in centres with adequate expertise to assess the patients and perform
CRS + chemotherapy, as all the evidence supporting this treatment was performed in centres that were
performing this as part of HIPEC + CRS + systemic chemotherapy.

After having reviewed the dates of completion and the sample sizes in the ongoing trials, it is unlikely
that our recommendations will changed in the next 5 years. However, any availability of trial results
should be evaluated for their potential to change recommendations. Therefore, the results of this
research and recommendations are applicable until the availability of the results of major new trials.

Potential biases in the review process

We performed a thorough search of literature. Two reviewers independently identified studies and
extracted data. We followed the standard methodology for analysing the data. These are the strengths
of the review 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 support similar conclusions as the trial authors, suggesting that the impact of IPD

may not be major enough to warrant an IPD once the health services have recovered from the impact of
COVID-19.

We estimated the HR for survival for gastric cancer trials'*¢* from Kaplan-Meier curves using methods
described by Parmar et al. for extracting survival data for meta-analysis.?*° We also used a survival
probability of 1% in the systemic chemotherapy alone group for 24 months to allow calculations beyond
12 months, as none of the participants in the systemic chemotherapy alone survived at 12 months.¢*
This was to take the survival benefit for HIPEC + CRS + systemic chemotherapy at 12 months and
beyond into account. This might have introduced bias in the calculation of Cls. However, because of

the small number of participants and the estimations that we have performed to calculate the effect
estimates, we have concluded that there is uncertainty in the benefit of HIPEC + CRS + systemic
chemotherapy in gastric cancers.

A major limitation of this research is the paucity of RCTs that could be included, which can influence
the certainty of the evidence and recommendations. Our recommendations are based on existing
best level of evidence on the topic and may change when new evidence from low risk of bias trials
becomes available.

Agreements and disagreements with other studies or reviews

This is the first systematic review of RCTs evaluating the effect of HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy or systemic chemotherapy alone in people with
peritoneal metastases from colorectal, gastric or stage Il or greater epithelial ovarian cancers. We agree
with the study authors for all the comparisons. We also agree with the recent ESMO (European Society
for Medical Oncology) Clinical Practice Guideline on metastatic colorectal cancer which suggested
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that HIPEC for colorectal peritoneal metastases should only be considered in the experimental setting
and CRS + systemic chemotherapy should be considered as the treatment of choice.?3* We also

agree with the recent ASCO (American Society of Clinical Oncology) guidelines on the treatment of
metastatic colorectal cancer, which recommended against the routine use of HIPEC + CRS + systemic
chemotherapy in people with colorectal peritoneal metastases.?*2 The ASCO guidelines provided a weak
recommendation in favour of CRS + systemic chemotherapy for this group of patients, while we have
provided a strong recommendation in favour of CRS + systemic chemotherapy. The differences in the
strength of recommendation are probably due to our team applying the special circumstances (explained
previously) for making strong recommendations in the presence of low-certainty evidence.

For gastric cancer, we have indicated no recommendation as compared to the Italian Association of
Medical Oncology guidelines of strong recommendation against the use of HIPEC + CRS + systemic
chemotherapy.?®® Some potential reasons for the differences in recommendations may be differences in
methodology. There were some differences in the estimation of HRs for 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-randomised 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 recommended by Italian Association
of Medical Oncology guidelines lead to the same result, that is patients are not offered HIPEC + CRS +
systemic chemotherapy routinely.

Cost-effectiveness analysis

Summary of main results

In people with colorectal peritoneal metastases, the incremental NMBs at WTP of £20,000 and £30,000
were -£6162.83 and -£6164.19, respectively, that is, incremental NMB was <0, indicating that HIPEC
+ CRS + systemic chemotherapy was not cost-effective compared to CRS + systemic chemotherapy

in NHS. The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to
CRS + systemic chemotherapy was < 50% for WTP thresholds of £20,000 and £30,000. In the same
group of people, the incremental NMBs at WTP of £20,000 and £30,000 were £107,909.46 and
£167,621.58, respectively, that is, incremental NMB was more than zero, indicating that HIPEC + CRS
+ systemic chemotherapy may be cost-effective compared to systemic chemotherapy alone in NHS.
The likelihood of HIPEC + CRS + systemic chemotherapy being cost-effective compared to systemic
chemotherapy alone was around 90% for WTP thresholds of £20,000 and £30,000. This was driven

by the improved survival in people with colorectal peritoneal metastases undergoing HIPEC + CRS +
systemic chemotherapy versus systemic chemotherapy alone, but it should be noted that HIPEC + CRS
+ systemic chemotherapy was not cost-effective compared to CRS + systemic chemotherapy.

In people with gastric peritoneal metastases, the incremental NMB was positive at WTP thresholds of
£20,000 and £30,000, that is, HIPEC + CRS + systemic chemotherapy may be cost-effective compared
to CRS + systemic chemotherapy and systemic chemotherapy alone. However, we used the parameters
available from the systematic review. Since there is considerable uncertainty around the reliability of
those parameters, we cannot conclude that HIPEC + CRS + systemic chemotherapy is cost-effective
compared to CRS + systemic chemotherapy and systemic chemotherapy alone.

In women with stage Il or greater epithelial ovarian cancer requiring interval CRS, the incremental
NMBs at WTP of £20,000 and £30,000 were £81,796.38 and £127,768.23, respectively, that is,
incremental NMB was more than zero, indicating that HIPEC + CRS + systemic chemotherapy may be
cost-effective compared to systemic chemotherapy alone in NHS. The likelihood of HIPEC + CRS +
systemic chemotherapy being cost-effective compared to systemic chemotherapy alone was around
70% for WTP thresholds of £20,000 and £30,000.
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Strengths of the study

We followed the published protocol for the key aspects of the cost-effectiveness analysis. Any
deviations from the protocol were because of the deviations related to the systematic review. We
performed PSA and extensive univariate analysis to test the robustness of the findings. We have also
shared the cost-effective calculations and model as supplementary file to allow healthcare decision-
makers use parameter estimates from their setting and apply the results of such analysis in their
local setting.

Limitations of the study

We obtained the probabilities from the systematic review. While most trials were at low risk of bias,
the number of participants included was small: this introduces uncertainty. The median follow-up in
the comparisons ranged between 2 and 5 years for the various comparisons. Since we used lifetime
time horizon, we extrapolated that the annual rate of deaths was similar to the annual rate of deaths
in the trials. It is unlikely that patients can be considered cured of cancer after a median follow-up of
2-5 years. However, we do not have any information to test our assumption since studies in this field
do not have median follow-up data beyond 5 years. Future clinical trials on this topic should factor in
long-term follow-up by record linkage to test this assumption.

None of the trials used EQ-5D, the preferred utility value for cost-effectiveness using NICE guidance.
We were able to obtain the HRQoL from only one trial (in ovarian cancer); this trial used EORTC
CLQ-C30, which we mapped to EQ-5D. We used HRQoL from observational studies in patients with
advanced cancers to estimate the HRQoL in people who underwent potentially curative or palliative
treatments. This introduces additional uncertainty in the results.

There is no HRG code for CRS. We used the costs for complex general abdominal procedures to
estimate the costs for CRS. For information on the variability in the costs, we have included 30%
variability in the costs, a practice widely followed in health economic analysis. Better estimation of costs
and their variability can decrease the uncertainty in costs. This can be performed as standalone research
or as part of clinical trials. However, probabilities were important sources of uncertainty in the EVPPI

of all comparisons, and HRQoL were important sources of uncertainty in the EVPPI of many of the
comparisons. Therefore, standalone cost estimation studies are unlikely to result in better information
for decision-making.

While the small sample size in trials is taken into account during calculations of the uncertainty, there is
currently no method of integrating the risk of bias in the trials, errors in calculation of effect estimates
and reproducibility of results in the cost-effectiveness analyses. Therefore, the cost-effectiveness

results may not be accurate when the studies are at high risk of bias, when the results are based on a
single study or when the calculations of estimates are subject to error. This is a limitation of the studies
included in the systematic review rather than the methods used in the cost-effectiveness analysis per se.

We did not perform a cost-effectiveness analysis that considers the three interventions HIPEC + CRS
+ systemic chemotherapy versus CRS + systemic chemotherapy versus systemic chemotherapy alone
in a single analysis because of the same reasons for not performing the network analysis comparing
these treatments simultaneously because of concerns about transitivity assumption in the included
trials. Therefore, we have presented the cost-effectiveness analyses from HIPEC + CRS +/- systemic
chemotherapy versus CRS +/- systemic chemotherapy and HIPEC + CRS +/- systemic chemotherapy
versus systemic chemotherapy alone as separate analyses.

While the stability tests (see Appendix 8) indicated that the coefficient of variation was < 2% for HIPEC
+ CRS + systemic chemotherapy versus systemic chemotherapy for colorectal cancer and gastric cancer
and HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy for ovarian cancer,
the coefficient of variation was around 2.5% for HIPEC + CRS + systemic chemotherapy versus CRS +
systemic chemotherapy for gastric cancer and 4% and 30% for HIPEC + CRS + systemic chemotherapy
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versus CRS + systemic chemotherapy for WTP thresholds of £20,000 and £30,000 for colorectal cancer.
One needs a computer with high memory to complete the analysis with more simulations than we were
able to and much longer processing times. This is only of academic interest as all the analyses showed
that the incremental NMBs were in the same direction in all the 30 instances of analysis. Therefore,
although the probability of being cost-effective and value of information analyses based on the number
of iterations that produce stable results may vary from our report, our conclusions and recommendations
would not have been different.

Agreements and disagreements with other cost-effectiveness analyses

Prior to the start of this research, there had also been two formal HTAs on this issue.?’#* The first HTA
reviewing patients with peritoneal disease from colorectal cancer concluded that there was moderate-
quality evidence that HIPEC + CRS prolonged survival based on a single RCT, but the costs were high.?”
The second HTA on ovarian cancer did not include any RCTs and concluded there was no clear benefit of
HIPEC + CRS for ovarian peritoneal metastases.** The major reason for this disagreement with these two
studies is because of the availability of additional trials. Our results are broadly in agreement with a cost-
effectiveness analysis based on one of the trials included in the systematic review,* which concluded
that HIPEC + CRS + systemic chemotherapy resulted in higher costs and higher QALYs compared to

CRS + systemic chemotherapy in women with stage Il or greater epithelial ovarian cancer who required
interval CRS.'””
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Chapter 7 Conclusions

Implications for practice

In people with peritoneal metastases from colorectal cancer, based on the results of PRODIGE-7 trial,
HIPEC + 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.
Therefore, HIPEC based on Oxaliplatin regimen used in PRODIGE-7 trial + CRS + systemic chemotherapy
should not be used (strong recommendation). Because of the lack of reliability of preoperative or per-
operative PCI, the lack of pre-PRODIGE-7 trial standard classification of PCl into PCI <10, 11-15 and >15
and pre-defined subgroup analysis based on the PCI classification, HIPEC based on oxaliplatin regimen used
in PRODIGE-7 trial + CRS + systemic chemotherapy cannot be recommended for any subgroups.

Because of the median survival observed in the CRS + systemic chemotherapy arm of PRODIGE-7

trial (41 months) and the poor survival observed in people with disseminated colorectal peritoneal
metastases (<12 months in England), CRS + systemic chemotherapy should be offered to people with
peritoneal metastases from colorectal cancer when the metastases are confined to the peritoneum and
when the patient is likely to withstand major surgery in centres that have experience in performing CRS
+ systemic chemotherapy (strong recommendation).

Because of variability in the results of trials comparing HIPEC + CRS + systemic chemotherapy versus
CRS + systemic chemotherapy, small number of participants in the trial comparing HIPEC + CRS +
systemic chemotherapy versus systemic chemotherapy alone and the methods used to estimate survival
in two trials, there is considerable uncertainty as to whether HIPEC + CRS + systemic chemotherapy

or CRS + systemic chemotherapy should be offered to patients with gastric cancer and peritoneal
metastases (no recommendation).

Based on three trials showing similar survival benefits in women with stage Il or greater epithelial
ovarian cancer and metastases confined to the abdomen requiring and likely to withstand interval
CRS after chemotherapy, HIPEC + CRS + systemic chemotherapy should be offered routinely to
such women in centres with experience in performing HIPEC + CRS + systemic chemotherapy
(strong recommendation).

Implications for research

The value of information analyses shows that the value of perfect information is more than £10 million
for all comparisons other than for the comparison of HIPEC + CRS + systemic chemotherapy versus
systemic chemotherapy alone for colorectal peritoneal metastases.

Colorectal cancer

Type of study
Randomised controlled trial.

Participants
People with peritoneal metastases from colorectal cancer but without extraperitoneal metastases
eligible to undergo major surgery.

Intervention: HIPEC + CRS + systemic chemotherapy

The pharmacological agent used and the duration of treatment are of considerable debate. A 90-minute
HIPEC (temperature 42-43 °C) of mitomycin C (30 mg/m? body surface area) and a sensitising dose of
400 mg/m? of 5-FU have been proposed.??52%4
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Control: CRS + systemic chemotherapy
CRS and systemic chemotherapy as in the intervention arm.

There is uncertainty in whether preoperative systemic chemotherapy should be given in people with
colorectal peritoneal metastases.?®’ It is unlikely that a consensus can be reached regarding the timing
of systemic chemotherapy in the absence of moderate- or high-certainty evidence. A RCT is unlikely

to be possible to answer the question of when the systemic chemotherapy in the intervention and
control arms should be given alongside HIPEC, as we do not recommend HIPEC + CRS + systemic
chemotherapy as the SoC. Therefore, we recommend that the trial participants be stratified by whether
they received preoperative chemotherapy at the time of randomisation.

Outcomes

The primary outcome could be all-cause mortality or progression-free survival. Concerns have

been raised about the PRODIGE 7 trial since 14/132 (10.6% of participants in the CRS + systemic
chemotherapy group) received HIPEC after peritoneal recurrence.??> However, by using an intention-
to-treat analysis as used by Quénet et al.,’> one would obtain an unbiased estimate of the treatment
decision whether HIPEC should be used routinely along with CRS + systemic chemotherapy. Therefore,
all-cause mortality can be used as a primary outcome. The advantage of using all-cause mortality is that
we are using a direct clinical objective measure that is important to patients. However, to conduct a trial
based on the mortality is likely to require a very long follow-up, as the median survival of participants in
the HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy arms was 41.7 months
and 41.2 months, respectively: it is difficult to conduct studies to detect differences in all-cause
mortality because of the small difference between the groups and duration of follow-up required in
such trials.

It is unlikely that the studies can be powered to detect differences in HRQoL. HIPEC + CRS + systemic
chemotherapy is more invasive than CRS + systemic chemotherapy; in the best-case scenario for HIPEC +
CRS + systemic chemotherapy, the short-term HRQoL can be expected to be similar in the two groups.

Time-to-disease progression is a surrogate subjective outcome for all-cause mortality and has

been proposed as the primary outcome for assessing the effectiveness of HIPEC + CRS + systemic
chemotherapy versus CRS + systemic chemotherapy. It is reasonable to use this measure since the effect
of HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy on time-to-disease
progression appears to be consistent with that on all-cause mortality in the few trials that reported

both time-to-disease progression and all-cause mortality. In the PRODIGE-7 trial, the time to disease
progression in the HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy was
13.1 months and 11.1 months, respectively. Based on an alpha error of 0.05, power of 0.8, accrual time
of 36 months and additional follow-up after recruitment of last patient of 24 months, 641 participants
are required in each group (1282 participants in total before loss to follow-up). Allowing a 5% loss to
follow-up, 1350 participants will be required. If a power of 0.9 is used, 858 participants are required in
each group (1716 participants in total) before loss to follow-up, and 1807 participants are required after
a 5% loss to follow-up.

There are no core outcome measures for this patient group. However, we suggest including patient-
reported outcome measures such as pain, nausea, vomiting, constipation, diarrhoea, dyspnoea,
insomnia, depression and physical function?¥ as trial outcomes to help with shared decision-making. We
also recommend that long-term follow-up by health records be considered to ensure that the time-to-
disease progression is a good surrogate outcome for all-cause mortality.

The presence of incomplete CRS may introduce heterogeneity in the treatment effects. Future trials
should investigate the effect of completeness of CRS as a potential effect modifier.
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Gastric cancer

Type of study
Randomised controlled trial.

Participants
People with gastric cancer and peritoneal metastases but without extraperitoneal metastases eligible to
undergo major surgery.

Intervention and control
Similar considerations as for colorectal cancer.

Outcomes

Similar considerations as for colorectal cancer. However, the sample size calculations are different, as
the prognosis of patients with gastric cancer and peritoneal metastases appears to be less than that of
patients with colorectal cancer and peritoneal metastases. When Rau et al. report their study®® fully, the
sample size calculations can be based on that.

Ovarian cancer
Types of studies

e Implementation research: barriers/facilitators for implementing routine HIPEC + CRS + systemic
chemotherapy in women with stage Il or greater epithelial ovarian cancer who require interval CRS.

o Service delivery research: regional versus local services for treatment of women with stage Il
epithelial ovarian cancer who require and are suitable for interval CRS.

e RCT: HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy in women
with stage Il or greater epithelial ovarian cancer who undergo primary CRS. This is already being
evaluated in OVHIPEC-2.

People with extraperitoneal metastases localised to lung or liver

Feasibility of a trial of HIPEC + CRS + treatment of lung or liver metastases by ablation (or surgery) +
systemic chemotherapy versus CRS + treatment of lung or liver metastases by ablation (or surgery) +
systemic chemotherapy versus palliative treatment.
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Equality, diversity and inclusion

ther than the ovarian cancer trials, the proportion of women and men in the trials was similar, with

women consisting of 40-50% of the overall sample size. There was no report in the trials about
inclusion of people with disabilities. There was also no report of ethnicity in the trials. Therefore, we are
unable to comment whether the proportion of trial participants who belonged to different ethnic groups
was similar to that in the population.

Our research team was diverse, with representation from many ethnic groups and genders.
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ADDITIONAL INFORMATION

Sponsor

University College London

Deviations from the original protocol

Systematic review

1.

7.

8.

We were unable to perform an IPD meta-analysis as planned because of unforeseen circumstances
related to COVID-19. This led to trialists who were also clinical researchers being unable to engage
for transfer of IPD. We do not foresee that study authors (surgeons) will be sufficiently engaged
with providing IPD in the near future because of the backlog with surgeries and the fatigue induced
by COVID-19. Therefore, we performed a meta-analysis based on aggregate data.

We did not combine CRS and palliative systemic chemotherapy together as control group. This was
because of the results of PRODIGE-7 trial in which participants who received CRS and systemic
chemotherapy which was the control group had considerably longer survival than trials in which
palliative systemic chemotherapy was used as the control group. Therefore, we planned to perform
network meta-analysis comparing HIPEC + CRS +/- systemic chemotherapy, CRS +/- systemic
chemotherapy and systemic chemotherapy alone to account for the considerable differences in the
survival between CRS and systemic chemotherapy versus palliative systemic chemotherapy. How-
ever, even this was not possible because of concerns about transitivity assumption in the included
trials. Therefore, we have presented the evidence from HIPEC + CRS +/- systemic chemotherapy
versus CRS +/- systemic chemotherapy and HIPEC + CRS +/- systemic chemotherapy versus sys-
temic chemotherapy alone as separate analyses.

We planned to include people with appendiceal adenocarcinomas under colorectal cancer as they
behave in a similar way to colorectal adenocarcinomas. However, we did not find any trials that
included appendiceal adenocarcinomas.

We resolved all differences through discussion. There was no need for arbitration or sensitivity
analysis.

As all the trials provided outcomes on participants randomised or at least on participants who were
eligible for this study, that is, people with resectable peritoneal metastases, we did not perform the
best-case and worst-case scenario analysis.

We were unable to perform various planned subgroup analyses because the analysis was based on
aggregate and because of the paucity of data.

We did not perform the planned sensitivity analyses because of the lack of the IPD data and
because of the few trials included under each analysis.

We performed additional sensitivity analysis which we have clearly highlighted as post hoc analysis.

Cost-effectiveness analysis

1.

2.

For the same reasons discussed above, we performed separate cost-effectiveness analysis for
HIPEC + CRS + systemic chemotherapy versus CRS + systemic chemotherapy and

For the same reasons discussed above, the summary data rather than IPD data were used for the
analysis. As a result, we were unable to perform any of the planned subgroup analyses.

As separate data were not available for most aspects in people who underwent complete CRS, this
was not included in the decision tree.

Short-term mortality was considered at 30 days (rather than 90 days), as reported by most trials.

Patient and public involvement

Patients and public were involved in the design, conduct and interpretation of data of this research as
part of steering committee. There were no difficulties or obstacles in the process of involving patients
and public in this research. Ms Lindy Berkman, Bowel Cancer Research UK was involved in the research
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steering committee and suggested addition of patient-reported outcome measures to the outcomes.
They were also involved in the interpretation of data and the implications for clinical practice. They were
also involved in drafting the plain language summary.

While they were disappointed by the paucity of patient-reported outcome measures in clinical trials on
this topic, their comments allowed this research to be relevant not only to clinicians but also ensures
that it has taken into consideration the concerns and needs of the patients and public. The extent of
patient involvement in this research will help promote more patient and public involvement in future
research and will empower patients to continue provide valuable advice.
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ADDITIONAL INFORMATION

This monograph was published based on current knowledge at the time and date of publication. NIHR
is committed to being inclusive and will continually monitor best practice and guidance in relation to
terminology and language to ensure that we remain relevant to our stakeholders.
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Appendix 1 Search strategies

MEDLINE

1. Hyperthermia, Induced/

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

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

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

5. 1or2o0r3o0r4

6. Cytoreduction Surgical Procedures/

7. ((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 tumour or tumours or tumor or
tumors or neoplasm or neoplasms)).ti,ab.

14. 10or110or12o0r13

15. 9and 14

16. randomized controlled trial.pt.

17. controlled clinical trial.pt.

18. randomized.ab.

19. placebo.ab.

20. drug therapy.fs.

21. randomly.ab.

22. trial.ab.

23. groups.ab.

24. 16 or17 or 18 or 19 or 20 or 21 or 22 or 23

25. exp animals/not humans.sh.

26. 24 not 25

27. 15and 26

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

29. 15and 28

30. 27 or 29

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.

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

5. 1or2or3or4

6. cytoreductive surgery/

7. ((cytoreductive or cytoreduction or debulking) adj3 (surgery or surgeries or surgical or procedure or

procedures)).ti,ab.
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©

10.
11.
12.
13.
14.

15.
16.
17.

18.

19.
20.
21.
22.
23.

6or7

50r8

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 tumour or tumours or tumor or
tumors or neoplasm or neoplasms)).ti,ab.

10or11or12or13o0r14

9 and 15

exp crossover-procedure/ or exp double-blind procedure/ or exp randomized 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
#2

#3
#4
#5
#6
#7

#8
#9

MeSH descriptor: (Hyperthermia, Induced) this term only

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

(intraperitoneal near/3 chemohyperthermia)

(HIPEC or IPHC or HIIC)

#1 or#2or#3 or #4

MeSH descriptor: [Cytoreduction Surgical Procedures] 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

#10 MeSH descriptor: (Colorectal Neoplasms) explode all trees

#11 MeSH descriptor: (Ovarian Neoplasms) explode all trees

#12 MeSH descriptor: (Stomach Neoplasms) this term only

#13 ((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 carcinoma or carcinomas or tumour or tumours or tumor or
tumors or neoplasm or neoplasms))

#14 #10 or #11 or #12 or #13
#15 #9 and #14

Science Citation Index

#1

#2
#3
#4
#5

TS=((hyperthermic or heated) near/3 (intraperitoneal 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 proce-
dure or procedures))
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#6 #5 or #4

#7 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 tumour or tumours 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

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

Intervention: HIPEC OR hyperthermic intraperitoneal chemotherapy OR IPHC OR intraperitoneal
chemohyperthermia OR HIIC OR heated intraoperative intraperitoneal chemotherapy OR CRS 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
intraperitoneal chemohyperthermia OR HIIC OR heated intraoperative 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
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Appendix 2 Methods for panoramic
meta-analyses

Model used
(Modified from Dias S, Sutton AJ, Welton NJ, Ades AE. NICE DSU Technical Support Document 3:
Heterogeneity: subgroups, meta-regression, bias and bias-adjustment. 2011; last updated April 2012.
www.nicedsu.org.uk)
#Summary, random, subgroup - categorical covariate
# Trial-level data given as treatment differences
# Random effects model for multi-arm trials
# Works for up to 4 arms in a trial
model{ #*** PROGRAM STARTS
for(i in 1:ns2) { #LOOP THROUGH 2-ARM STUDIES
y[i,2] ~ dnorm(delta[i,2],precli,2]) # normal likelihood for 2-arm trials
#Deviance contribution for trial i
resdevli] <- (y[i,2]-delta[i,2])*(y[i,2]-delta[i,2])*precli,2]
# in case 3-arm and 4-arm studies = 0
Sigmali,2,2] <- 0
Sigma2[i,2,2] <- 0
Omegali,2,2] <-0
Omega2l[i,2,2] <- 0
ydiff[i,2]<- O
z.t[i,2]<- 0
}
for(i in (ns2+1):(ns2+ns3)) {# LOOP THROUGH THREE-ARM STUDIES

for (k in 1:(na[i]-1)) {# set variance-covariance matrix

for (jin 1:(nali]-1)) {
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Sigmali,j,k] <- V[i]*(1-equals(j,k)) + varl[i,k+1]*equals(j,k)
# in case 4-arm studies = 0
Sigma2[i,j,k] <- VI[il*(1-equals(j,k)) + varl[i,k+1]*equals(j,k)
}
}
Omegali,1:(nalil-1),1:(nalil-1)] <- inverse(Sigmali,,]) #Precision matrix
Omega2[i,1:(na[i]-1),1:(nali]-1)] <- inverse(Sigmali,,]) #Precision matrix
# multivariate normal likelihood for 3-arm trials
yli,2:nalil] ~ dmnorm(deltali,2:na[i]l,Omegali,1:(na[i]-1),1:(nali]-1)])
#Deviance contribution for trial i
for (k in 1:(na[i]-1)){# multiply vector & matrix
ydiff[ik]<- y[i,(k+1)] - deltali,(k+1)]
z.t[i,k]<- inprod(Omegali,k,1:(nalil-1)], ydiff[i,1:(na[i]-1)])
}
resdevlil<- inprod(ydiff[i,1:(na[i]-1)], z.t[i,1:(na[i]-1)])
}
for(i in (ns2+ns3+ 1):(ns2+ns3+ns4)) {# LOOP THROUGH 4-ARM STUDIES
for (k in 1:(nali]-1)) {# set variance-covariance matrix
for (j in 1:(na[i]-1)) {
Sigma2[i,j,k] <- V[i]*(1-equals(j,k)) + var[i,k+1]*equals(j,k)}
}
OmegaZ2[i,1:(nali]-1),1:(nali]-1)] <- inverse(Sigma2][i,,]) #Precision matrix
# multivariate normal likelihood for 4-arm trials
yli,2:nali]] ~ dmnorm(deltali,2:na[i]],Omega2[i,1:(na[il-1),1:(nalil-1)])
#Deviance contribution for trial i
for (k in 1:(na[i]-1)){# multiply vector & matrix

ydiff[i,k]<- y[i,(k+1)] - deltali,(k+1)]
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z.t[i,k]<- inprod(Omega2[i,k,1:(nalil-1)], ydiff[i,1:(na[i]-1)])
}
resdev[il<- inprod(ydiff[i,1:(na[i]-1)], z.t[i,1:(nali]-1)])
}
for(i in 1:(ns2+ns3+ns4)){# LOOP THROUGH ALL STUDIES
wli,1] <- O # adjustment for multi-arm trials is zero for control arm
deltal[i,1] <- O # treatment effect is zero for control arm
for (k in 2:na[i]) {# LOOP THROUGH ARMS
varli,k] <- pow(seli,k],2) # calculate variances
prec[i,k] <- 1/varli,k] # set precisions
}
for (k in 2:nali]) {# LOOP THROUGH ARMS
# trial-specific LOR distributions

#categorical covariate - covariate 1 (x1) refers to gastric cancer versus colorectal cancer and
covariate 2 (x2) refers to ovarian cancer versus colorectal cancer

deltali,k] <- temp.deltali,k] + (betal[t[i,k]]-betal[t[i,1]]) * x1[i] + (beta2[t[i,k]]-beta2[t[i,1]]) * x2[i]
temp.delta[i,k] ~ dnorm(md(i,k],taud[i,k])

# mean of random effects distributions, with multi-arm trial correction

md[i,k] <- d[t[i,k]] - d[t[i,1]] + swlik]

# precision of random effects distributions (with multi-arm trial correction)

taud[i,k] <- tau *2*(k-1)/k

# adjustment, multi-arm RCTs

wli,k] <- (delta[i,k] - d[t[i,k]] + d[t[i,1]])

# cumulative adjustment for multi-arm trials

swli,k] <- sum(wl[i,1:k-1])/(k-1)
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totresdev <- sum(resdev[]) #Total Residual Deviance
d[1]<-0 # treatment effect is zero for reference treatment
betal[1] <- O # covariate 1 effect is zero for reference treatment
beta2[1] <- O # covariate 2 effect is zero for reference treatment
# vague priors for treatment effects
for (k in 2:nt){
d[k] ~ dnorm(0,.0001)
betallk] <- B1 # common covariate effect (covariate 1)
beta2[k] <- B2 # common covariate effect (covariate 2)
}
B1 ~ dnorm(0,.0001) # vague prior for covariate effect (covariate 1)
B2 ~ dnorm(0,.0001) # vague prior for covariate effect (covariate 2)
sd ~ dunif(0,5) # vague prior for between-trial SD
tau <- pow(sd, -2) # between-trial precision = (1/between-trial variance)

# treatment effect when covariate: x1, x2 = 0,0 (colorectal cancer); x1, x2 = 1,0 (gastric cancer); x1,
x2 = 0,1 (ovarian cancer)

d2.colorectal <- d[2]
d2.gastric <- d[2] + (betal[2]-betal[1])

d2.ovarian <- d[2] + (beta2[2]-beta2[1])

} # *** PROGRAM ENDS

Data formatted for analysis in OpenBugs
#Mortality; 1 = CRS; 2 = HIPEC + CRS
# nt = number of treatments, ns2 = 2-arm trials, ns3 = 3-arm trials, ns4 = 4-arm trials

# x1, x2 = covariates (x1, x2: 0, 0 = colorectal cancer; 1, O = gastric cancer; O, 1 = ovarian cancer)
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# t[, 1], t[,2] etc: indicate treatment 1, treatment 2, y[,2], y[,3]: treatment difference of treatment 2
vs. treatment 1, treatment 3 vs. treatment 1 etc, se[,2], se[,3]: standard errors of treatment difference
of treatment 2 vs. treatment 1, treatment 3 vs. treatment 1 etc, na: number of arms, V: variance in
treatment 1 (not required for 2-arm trials)

list(nt = 2,ns2 = 5,ns3 = 0,ns4 = 0, x1 = ¢(0,1,0,0,0), x2 = ¢(0,0,1,1,1))

t[,1]  t[L2] t[3] t[4] y[2] y[.3]  y[4] se[,2] se[,3] se[4] na[] V[ #study

1 2 NA NA O NA NA 0.234561 NA NA 2 NA  #Quénet 2021
1 2 NA NA -096203 NA NA 0.306198 NA NA 2 NA  #Yang 2011

1 2 NA NA -045 NA  NA 0.34 NA NA 2 NA  #Antonio 2022
1 2 NA NA -014 NA NA 0.21 NA NA 2 NA  #Lim 2022

1 2 NA NA -040048 NA NA 0.171456 NA NA 2 NA  #Van Driel 2018
END

Technical details

A random-effects model was used with common between-study variance for the different cancer types.
Three chains were used. The initial values provided were:

list(d=c(NA,0), sd=1,B1=0, B2=0)

list(d=c(NA,-1), sd=4,B1=-1, B2=-1)

list(d=c(NA,2), sd=2,B1=1.5, B2=1.5)

The model was initialised and run for a burn-in of 300,000 simulations to ensure convergence and ran
for a further 300,000 simulations. Thin (at 30) and over-relax were used to ensure convergence.
Convergence

Unprocessed results

Mean SD MC_error val2.5pc Median val97.5pc Start Sample
B1 -0.9584 1.409 0.002573  -3.669 -0.9612 1.778 300,001 900,000
B2 -0.3165 1.139 0.002579  -2.527 -0.3176 1.897 300,001 900,000
d2.colorectal -0.00277  0.9864  0.002052  -1.918 -1.95E-04  1.912 300,001 900,000
d2.gastric -0.9611 1.008 0.001175  -2.906 -0.9611 0.9706 300,001 900,000
d2.ovarian -0.3193 0.5703  7.91E-04 -1.431 -0.3175 0.7797 300,001 900,000
SD 0.5709 0.7729  0.00142 0.01214 0.2935 3.083 300,001 900,000
Dbar Dhat DIC pD
y -0.4598 -4.684  3.765 4.224
total -0.4598 -4.684  3.765 4.224
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Appendix 3 Additional characteristics of
included studies
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TABLE 15 Details of HIPEC and systemic chemotherapy received

Quénet
etal.
2021¢?

Verwaal
etal.
2003

Type of
primary
cancer

Colorectal
cancer

Colorectal
cancer

HIPEC was administered with either the closed or open abdomen techniques according
to each centre’s standard approach. In both approaches, systemic chemotherapy

(400 mg/m? fluorouracil and 20 mg/m? folinic acid) was delivered intravenously 20
minutes before intraperitoneal infusion of oxaliplatin (460 mg/m? if the open technique
was used and 360mg/m?” if the closed technique was used) in 2 I/m? of dextrose at

43 °C over 30 minutes.

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 distri-
bution. 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 | of isotonic dialysis fluid, at 1-2 |/min,

and an inflow temperature of 41-42 °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 minutes. The total dose was limited to

70 mg at maximum. If the core temperature exceeded 39 °C, the inflow temperature
was reduced. After 90 minutes, the perfusion fluid was drained from the abdomen, and
bowel continuity was restored.

Was systemic
chemotherapy given
preoperatively

Systemic chemotherapy

219/265 (82.6%)
received preoperative
chemotherapy

The chemotherapy and targeted therapy
regimens used were at investigators’
discretion. 110 patients in CRS plus
HIPEC group and 109 in the CRS alone
group were treated with preoperative
chemotherapy. Patients in both groups
received a median of 6 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.

Chemotherapy was given in the local No
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.
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TABLE 15 Details of HIPEC and systemic chemotherapy received (continued)
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Type of Was systemic
primary chemotherapy given
cancer Systemic chemotherapy preoperatively
Yang Gastric After surgery, HIPEC was performed before closure of abdominal cavity, as this open Not stated Not stated
etal. cancer technique is believed to provide optimal thermal homogeneity and spatial diffusion,
2011% 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/minute 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 60-90 minutes, 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.
Rau Gastric CRS + The HIPEC treatment consisted of mitomycin C 15 mg/m? and cisplatin 75 mg/ Preoperative chemotherapy 3 cycles, Yes
etal. cancer m?,in 5 | of saline (60 minutes, 42 °C) each cycle 21 days. Patients with neg-
202163 ative or unknown HER-2 status receive
epirubicin 50 mg/m? infusion (maximum
100 mg/day). Oxaliplatin 130 mg/m?
infusion (maximum 260 mg/day) and
capecitabine oral 625 mg/m? two times a
day (maximum 2500 mg/day).
Patients with positive HER-2 status
received
Cisplatin: 80 mg/m? infusion (maximum
of 160 mg/day). Capecitabine: oral
1000 mg/m? (two times a day maximum
of 4000 mg/day), 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.
continued
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TABLE 15 Details of HIPEC and systemic chemotherapy received (continued)

Rudloff
etal.
2014¢*

Van
Driel
etal.
2018%

Antonio
etal.
2022¢

Type of

primary
cancer

Gastric
cancer

Ovarian
cancer

Ovarian
cancer

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 minutes. 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
minutes to enhance the effect of regional oxaliplatin delivered IP. The perfusion flow
rate was then maintained at ~2.0 |/min and a perfusate volume, which moderately
distends the abdominal cavity, correlating with intra-abdominal pressures of 5-15 mm
Hg (2.0 I/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 intra-abdominal temperature of 40 °C (104 °F) was maintained.
Perfusion with cisplatin at a dose of 100 mg/m? and at a flow rate of 1 I/minute was
then initiated (with 50% of the dose perfused initially, 25% at 30 minutes, and 25%

at 60 minutes). The perfusion volume was adjusted such that the entire abdomen was
exposed to the perfusate. The HIPEC procedure took 120 minutes in total, including
the 90-minute 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/m?
in 200 ml), followed by a continuous infusion (12 g/m? in 1000 ml) over 6 hours.

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 | of dialysis fluid (Dialisan, Shanghai Plop Medical
Technology Co., Ltd, China), with circulation maintained in a constant flow of 0.5-0.7 |/
minute longer than 60 minutes. 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 oesophageal thermom-
eter, with the objective of keeping the patient normothermic (37.8 °C), using physical
measures and serotherapy

Was systemic
chemotherapy given
preoperatively

Systemic chemotherapy

Within 14 days of study randomization No
patients began FOLFIXIRI treatment

(in the systemic chemotherapy arm;

in the HIPEC + CRS 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 minutes followed by leucovorin
and oxaliplatin, given concomitantly
over 2 hours, followed by 5-FU given via
continuous infusion (CIV) over 48 hours.

Patients received 3 cycles of neoadju- Yes
vant chemotherapy with carboplatin

(area under the curve of 5-6 mg/ml/

minute) and paclitaxel (175 mg/m? of
body-surface area). Patients received an
additional 3 cycles of carboplatin and

paclitaxel after surgery.

All the patients were treated with a Yes
minimum of 3 cycles of systemic NACT

with carboplatin (AUC 5) and paclitaxel

(175 mg/m?) before surgery. After recov-

ery and hospital discharge, up to 6 cycles

of systemic adjuvant chemotherapy were
completed per patient with the same
carboplatin and paclitaxel scheme.

€ XIAN3ddVv
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TABLE 15 Details of HIPEC and systemic chemotherapy received (continued)

Lim et al.
2022

Type of

primary
cancer

Ovarian
cancer

Intraoperative HIPEC (75 mg/m? of cisplatin) was perfused through a closed technique
with a target temperature of 41.5 °C for 90 minutes 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 applica-
tion over the head before and during HIPEC procedures. After the cytoreductive and
reconstructive surgical procedures, two inflow and two 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, the chemotherapeutic agent was mixed with the circulating fluid. During the
90-minute 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/m? of sodium thiosulfate was administered as a bolus infusion immediately
before HIPEC, and 12 g/m? was administered over 6 hours during and after the HIPEC
procedures.

Was systemic

chemotherapy given
Systemic chemotherapy preoperatively
During postoperative recovery, if the 77/184 (41.8%)
patients could tolerate a general diet received preoperative
without evidence of active infection and chemotherapy

with an acceptable clinical condition to
sustain chemotherapy, we administered
6 cycles of intravenous paclitaxel and
carboplatin in both groups.
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APPENDIX 3

TABLE 16 Summary of HIPEC performed

Study name

Quénet et al.
2021¢?

Verwaal et al.
2003

Rudloff et al.
20144

Yang et al.
2011

Rau et al.
2021¢

Van Driel et al.

2018%

Antonio et al.
2022

Lim et al.
20224

Type of
primary cancer

Colorectal
cancer

Colorectal

cancer

Gastric cancer

Gastric cancer

Gastric cancer

Ovarian cancer

Ovarian cancer

Ovarian cancer

Oxaliplatin (IP) + IV
fluorouracil + IV folinic acid
Mitomycin

Oxaliplatin (IP) + IV
fluorouracil + IV folinic acid
Cisplatin + mitomycin
Cisplatin + mitomycin
Cisplatin

Cisplatin

Cisplatin

Temperature

(°C)

43

41-42

41

43

42

40

42-43.8

41.5

Duration

(minutes)

30

90

30

60-90

60

90

60

90

Technique
(open or closed)

Either

Open

Closed

Open

Not stated

Open

Open

Closed

NIHR Journals Library www.journalslibrary.nihr.ac.uk
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Appendix 4 Excluded studies: reasons for
exclusion

Reason for exclusion Excluded study references

Not a RCT 66-74,79, 80, 83, 85, 86, 88, 90-92, 95, 98, 100, 108, 112, 115, 118, 120

Not in people with peritoneal metastases or no separate 12,81,82,87, 93,102, 107,109, 113, 114, 116, 119,121
data on people with peritoneal metastases

Primary cancer type not clear 103,117
Not HIPEC + CRS 75,76,84,96,97,101, 122
Not investigating the effect of HIPEC 77,78,89, 99,104, 106, 110, 111
Withdrawn due to poor accrual 105
Incorrect reference 94
Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health 105

and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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Appendix 5 Ongoing studies

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health 107
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,

distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For

attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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Reference

Mercy Medical
Center'?*

University of
Kansas Medical
Center'?®

Walter Reed Army
Medical Center,
National Care
institute!?¢

ChiCTR™*

ChiCTR™’

Classe et al.*¥?

Cui et al.*28

Participants

Stage Ill or IV ovarian cancer
(n=48)

Peritoneal surface disease
(PSD) due to colorectal
cancer or high-grade appen-
diceal cancer (n = 100)

Stage Ill or IV colon cancer
(n = 340)

Stage ICI-IIIB ovarian cancer
(n = 300)

Gastric adenoma with
limited peritoneum implan-
tation (involving peritoneum
<2 areas) (n = 42)

Intraperitoneal first
epithelial ovarian cancer
relapse (more than 6
months after the end of the
initial treatment), resectable
without distant metastasis
(n =415)

Gastric adenocarcinoma
with peritoneal carcinoma-
tosis (n = 88)

Intervention

HIPEC + CRS
+ systemic
chemotherapy

HIPEC (mel-
phalan) + CRS

HIPEC + CRS
+ systemic
chemotherapy

HIPEC + CRS
+ systemic
chemotherapy

HIPEC + CRS

HIPEC + CRS
+ systemic
chemotherapy

HIPEC + CRS
+ systemic
chemotherapy

Control

CRS + systemic
chemotherapy

HIPEC (mitomycin
C)+CRS

CRS + systemic
chemotherapy

CRS + systemic
chemotherapy

CRS

CRS + systemic
chemotherapy

CRS + systemic
chemotherapy

Outcome measures

Primary: postoperative

complication rates

Secondary: Qol, overall
survival, progression-free

survival

Primary: comprehensive
complication index (CCl)

score

Primary: overall survival

Secondary:

progression-free survival,

QoL

Primary: survival rate

Secondary:

disease-free survival, side
effects of the program

Primary: overall survival

Secondary:

progression-free survival

Primary: overall survival

Secondary:

progression-free survival

Primary: overall survival
Secondary: risk factors

for morbidity and
mortality

Planned
duration of
follow-up

5 years

2 years

1 year

5 years

2 years

4 years

3 years

Start date

April 14

July 17

July 10

July 19

August 20

April 11

August 17

Anticipated end
date

April 28

July 25

Current status
unknown (esti-
mated completion
in May 14)

Not stated

March 23

December 22

August 22

S XIAN3ddV
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Reference Intervention Outcome measures Start date date

Participants
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Cui et al.*%¢ Stage IlI-IV primary HIPEC + CRS CRS + systemic Primary: disease-free 3 years March 18 July 22
epithelial ovarian cancer, + systemic chemotherapy survival
tubal cancer and primary chemotherapy Secondary: overall
peritoneal cancer (n = 263) survival, risk factors for
morbidity and mortality,
QoL
Diaz-Montes Stage lllI-1V ovarian, HIPEC + CRS CRS + systemic Primary: postoperative 5 years April 14 April 28
et al.*¥” fallopian tube and primary + systemic chemotherapy complication rates
peritoneal cancer (n = 48) chemotherapy Secondary: overall
survival, progression-free
survival, QoL
Drks et al.'¥? Gastric cancer with HIPEC + CRS+ CRS + systemic Primary: overall survival 2.5 years March 14 Not stated
peritoneal carcinomatosis systemic chemotherapy Secondary: safety (30
and Krukenberg tumours chemotherapy days complication rate),
(n =180) progression-free survival,
Qol, adverse events,
length of hospitalisation
Grosso et al.*# Stage Ill ovarian cancer HIPEC + CRS CRS + systemic Primary: disease-free 5 years October 13 Not stated
(n=94) + systemic chemotherapy survival
chemotherapy Secondary: overall
survival, morbidity, length
of hospital stay, return to
normal activities, QoL
Hongbing and Primary or recurrence ovar- HIPEC + CRS+ CRS + systemic Primary: progression-free 3 years August 20 December 23
Hospital'>! ian, peritoneal or fallopian systemic chemotherapy survival
tube epithelial cancer; first chemotherapy Secondary: overall

intra-abdominal recurrence
without distant metastasis
(including unique resectable
pleural metastasis which
are platinum-sensitive;
resectable single lymphatic
metastasis retroperitoneal
or inguinal) (n = 280)

survival, serious adverse
events

continued
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Reference

Affiliated Cancer
Hospital &
Institute of
Guangzhou
Medical
University®®

Zhongnan
Hospital'4”

Koemans et al.*3!

Koole et al.**?

Lambret!¥

Participants

Stage Il primary epithelial
ovarian cancer, tubal cancer,
and primary peritoneal
cancer (n = 310)

Stage Il primary or recur-
rence ovarian, peritoneal
or fallopian tube epithelial
cancer (n = 112)

Primary cT3-cT4 gastric
tumour including regional
lymph nodes that is
considered to be resectable,
with limited peritoneal
dissemination (PCl < 7)
and/or tumour positive
peritoneal cytology are
confirmed by laparoscopy or
laparotomy (n = 182)

Stage Il primary epithelial
ovarian, fallopian tube or
primary peritoneal cancer
(n=538)

Stage Il primary epithelial
ovarian carcinoma or
fallopian tube carcinoma
or peritoneal carcinoma
(including serous papillary
adenocarcinoma, clear-cell
carcinoma, mucinous
adenocarcinoma and
endometrioid carcinoma)
(n=2362)

Intervention

HIPEC + CRS+
systemic
chemotherapy

HIPEC + CRS
+ systemic
chemotherapy

HIPEC + CRS +
gastrectomy

HIPEC + CRS

HIPEC + CRS
+ systemic
chemotherapy

Control

CRS + systemic
chemotherapy

CRS + systemic
chemotherapy

Palliative systemic

chemotherapy

CRS

CRS + systemic
chemotherapy

Planned
duration of

Outcome measures follow-up

Primary: recurrence-free 3 years
survival

Secondary: overall

survival, progression-free

survival, Qol, risk

factors for morbidity and

mortality

Primary: overall survival 5 years
Secondary:

progression-free survival,

Qol, postoperative

complications

Primary: overall survival 5 years
Secondary:

progression-free survival

Primary: overall survival 5 years
Secondary:
recurrence-free survival,

adverse events

Primary: disease-free 5 years
survival

Secondary: overall

survival, adverse events,

QoL

Start date

October 19

December
17

October 17

January 20

April 19

Anticipated end
date

July 23

March 23

October 29

April 26

August 28

S XIAN3ddV
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Planned
duration of Anticipated end
Reference Participants Intervention Outcome measures follow-up Start date date
Lyon?48 Platinum-resistant epithelial HIPEC + CRS Systemic Primary: progression-free 3 years July 17 November 22
ovarian carcinoma (n = 132) + systemic chemotherapy survival
chemotherapy Secondary: overall sur-
vival, mortality, morbidity,
adverse events, QoL
Instituto Nacional Stage IlIC-1VA ovarian HIPEC + CRS CRS Primary: mortality, 5 years September December 25
de Cancerologia cancer (n = 100) morbidity, QoL 17
de Mexico#° Secondary: disease-free
survival, overall survival
NCT34 Epithelial ovarian carcinoma HIPEC + CRS CRS Primary: overall survival 4 years April 11 December 22
with only peritoneal relapse Secondary: relapse-free
occurred at least 6 months survival
from the initial treatment,
resectable without
distant metastasis (with the
exception of communicating
pleura effusion, sensitive to
platine-based second-line
chemotherapy and resect-
able lymph nodes in the
groin or retro peritoneal)
(nh =415)
NCT#1 Stage Il-1V ovarian cancer HIPEC + CRS CRS Primary: overall survival 3 years January 12 Current status:
(n = 60) Secondary: still recruiting
progression-free (estimated
survival, postoperative completion date:
complications December 19)
NCT*>? Platinum-resistant epithelial HIPEC + CRS Systemic Primary: progression-free 3 years November November 22
ovarian carcinoma (n = 132) chemotherapy + survival 19
bevacizumab Secondary: overall
survival, QoL, potential
treatment-related
mortality and morbidity
NCT42 Stage Il primary epithelial HIPEC + CRS CRS Primary: overall survival 5 years January 20 April 26
ovarian, fallopian tube Secondary:
or extra-ovarian cancer recurrence-free survival,
(n=538) adverse events
continued
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Reference

NCTe

NTR152

Salcedo-
Hernandez et al.*4*

ChiCTR?®¢

ChiCTR®”

El Hajj et al. 15

Euctr FR%°

Participants

Primary epithelial ovarian
cancer, fallopian tube cancer
and primary peritoneal
cancer (n = 202)

Recurrence of epithelial
ovarian cancer, after
first-line chemotherapy with
a disease-free interval of at
least 6 months (n = 700)

Stage IlIC and IV ovarian
cancer (n = 100)

Stage llI-1V primary
epithelial ovarian/fallopian
tube cancer (n = 135)

Stage II-1V primary
epithelial, fallopian tube
cancer (n = 300)

Stage Il epithelial ovarian
carcinoma, fallopian tube
carcinoma or primary perito-
neal cancer (n = 362)

First or second recurrence
of platin-resistant epithelial
ovarian cancer (n = 220)

Intervention

HIPEC + CRS
+ systemic
chemotherapy

CRS + systemic
chemotherapy

HIPEC + CRS+
systemic
chemotherapy

HIPEC + CRS

HIPEC + CRS

HIPEC + CRS
+ systemic
chemotherapy

HIPEC + CRS
+ systemic
chemotherapy

Control

Systemic
chemotherapy

Systemic
chemotherapy

CRS + systemic
chemotherapy

Conventional
therapy

CRS + systemic
chemotherapy

CRS + systemic
chemotherapy

Monochemotherapy
+ bevacizumab

Outcome measures

Primary: progression-free
survival

Primary: progression-free
survival

Secondary: overall sur-
vival, surgical treatment
related complications,

QoL

Primary: mortality,
morbidity, QoL
Secondary: overall
survival, disease-free
survival

Primary: overall survival
Secondary: disease-free
survival, grade 3-4
adverse events, QoL

Primary: progression-free
survival

Secondary: overall
survival, grade 3-4
adverse reactions, QoL

Primary: disease-free
survival

Secondary: overall
survival, trade-off
between efficacy and
morbidity, QoL

Primary: progression-free
survival

Secondary: overall
survival

Planned
duration of
follow-up

3 years

Not stated

1 year

5 years

5 years

5 years

3 years

Start date

June 20

October 5

January 18

January 20

July 20

March 19

July 21

Anticipated end
date

March 24

Not stated

December 25

December 27

July 27

August 28

Not stated

S XIAN3ddV
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Reference

National Cancer
Center, Korea®>®

NCT05250648'%

Wau et al.1¢°

Zivanovic et al.*?®

Participants

Epithelial ovarian cancer,
fallopian tube cancer or
primary peritoneal cancer
(n = 140)

Stage IV colon adenocarci-
noma, except signet ring cell
carcinomas (n = 216)

Stage IIIC-1VA, high-grade
serous ovarian cancer
(n=80)

Epithelial ovarian carci-
noma, primary peritoneal
carcinoma or fallopian
tube carcinoma that has
recurred >6 months since
platinum-based chemo-
therapy (first recurrence)
and who are scheduled for
secondary surgical evalua-
tion/cytoreduction (n = 99)

Intervention

HIPEC + systemic

chemotherapy

HIPEC + CRS

NHIPEC +
systemic
chemotherapy

HIPEC + CRS
+ systemic
chemotherapy

Control

Systemic
chemotherapy

CRS

Systemic
chemotherapy

CRS + systemic
chemotherapy

Planned
duration of

Outcome measures follow-up

Primary: progression-free
survival

Secondary: overall
survival, cancer-specific
survival, adverse events,

QoL

Primary: peritoneal
recurrence-free survival
Secondary: disease-free
survival, postoperative
complications, QolL,
overall survival

5 years

3 years

Primary: the proportion of 2 years
service who achieve a CRS

of 3 following NACT

Secondary: progression-free
survival, overall survival,

adverse events

Primary: proportion of
service who are without
evidence of disease
progression

Secondary: toxicity and
postoperative complica-
tion rate

5 years

Start date
April 22

February 22

September

20

January 13

Anticipated end
date

December 29

January 27

Not stated

January 23
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Appendix 6 Additional records

Additional reports Main report

Included studies

162,167,168, 182 60
181 61
62, 166, 184-186, 190 62
163, 164, 187 63
169, 170 64
161,165, 171-178, 188, 189, 191, 192 65
16 14
179, 180, 183 13

Excluded studies

197 100
193,198 75
194,195 81
196 93
199, 200 107
201 111
203 114
202 116
Ongoing studies

205 154
206 127
207-209 149
210 150
211 146
214 131
212,213,217 132
215 143
216 160
204,218 123

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health 115

and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For
attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.
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Appendix 7 Calculation of costs used in
the cost-effectiveness analysis

Copyright © 2024 Gurusamy et al. This work was produced by Gurusamy et al. under the terms of a commissioning contract issued by the Secretary of State for Health 117
and Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,

distribution, reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https:/creativecommons.org/licenses/by/4.0/. For

attribution the title, original author(s), the publication source - NIHR Journals Library, and the DOI of the publication must be cited.



yn-oeayiuAielqiisjeuinofmmm Aleiqr sjeudnor yHIN

81T

TABLE 17 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC costs
HIPEC machine

HIPEC
machine
(Performer HT)

HIPEC
machine
service costs
per year

Lifetime for
machine
(years)

Interest rate
Annuity factor

Cost of HIPEC
machine per
year

Cost of HIPEC
machine per
patient

HIPEC
disposables

Hang and Go
Set per case

Cytotoxic
disposal per
case

Unit cost

€45,000.00

€5500.00

10

5%

7.72

£13,479.97

£192.57

£1020.00

£1.85

Quantity Exchange Total

Notes/description per patient rate to GBP mg/m?

Original cost: €45,000 + VAT. Lifetime of 1 1.19
the machine is 10 years. Annuity factor at

5% rate.

Original cost: €5500. Service cost per year. 1 1.19

This is the same regardless of volume

Local estimate

This is calculated using the formula 1-[1/(1 + interest rate)]*years / interest rate

This is calculated as: Cost of HIPEC 1 1
machine/annuity factor +HIPEC machine
service costs per year (in GBP)

The machine volume per year can differ 1 1
according to the number of procedures. On

average, 1 machine is required for every 70

patients per year. The costs per patient are

calculated as total machine costs per year/

number of patients per year

Cost per patient of consumables 1 1

Cost per patient of disposable material 1 1

weight (mg per
area(m?) (kg)

Total cost
(GBP 2022) Source

£53,550.00 Hospital costs; Euro to
GBP exchange rate®”

£6545.00 Hospital costs

Local estimate

Drummond 20152%7
£13,479.97

£192.57

£1020.00 Hospital costs

£1.85 Hospital costs

£ XIAN3ddV
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TABLE 17 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Baxter cost
oxaliplatin

Baxter cost
5FU

Total cost of
disposables

HIPEC
practitioner

HIPEC
practitioner
salary (p.a)

Additional
operating time

Additional
operating time
(NHS costs)

Additional
hospital stay

Additional
hospital stay

HIPEC (drugs)

Unit cost

£47.50

£26.00

£1095.35

£65.00

£637.30

£292.00

Body Total drug
Quantity Exchange Total Surface weight (mg per
Notes/description per patient rateto GBP mg/m? area(m?) (kg) patient)
1 1
1 1
1 1
This is a practitioner that runs and 55
maintains the machine. The salary range
here is £40,057-45,839. Average 5.5
hours per case. Assuming 47.5 hours per
week, 42 weeks a year, the cost per hour is
£65. Time per case is 5.5*£65
Costs per hour of operating time 0.5 1
Per night extra hospital stay 5 1

This is based on non-reusable vials. The vial denominations were chosen to minimise the costs for the base-case
scenario.

Total cost
(GBP 2022) Source

£47.50 Hospital costs

£26.00 Hospital costs

£1095.35

£357.50

£318.65 NHS providers?®
(adjusted for inflation
using 2015 as base
index and October 2021
index of 113.6);2% extra
operating time = dura-
tion of HIPEC

£1460.00 Quénet et al. 2021,%?
NHS tariffs November

202220

continued
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TABLE 17 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Body Total drug

Quantity Exchange Total Surface  weight (mg per Total cost

Unit cost Notes/description per patient rateto GBP mg/m? area(m?) (kg) patient) (GBP 2022)
Oxaliplatin £2248.26  460mg/m? in open technique and 360 mg/ 1 1 410 1.8 738 £2248.26 Quénet et al. 2021,¢2
m? in closed technique (we assume an BNF 2022,%4* Sacco et
average of 410 mg/m?) = 738 mg; 3 vials al. 2010%2

of 200 mg (price 1 vial £591.26) + 1 vial
100 mg (price 1 vial £295.63) + 1 vial
50 mg (price 1 vial £178.85)

5FU £6.40 400 mg/m? per patient = 720 mg; 2 vials of 2 1 400 1.8 720 £12.80 Quénet et al. 2021,%?
fluorouracil 500 mg (price per 1 vial £6.40) BNF 2022,%** Sacco et
al. 2010%2

Folinic acid £20.00 20 mg/m? per patient = 36 mg; 1 vial of 1 1 20 1.8 36 £20.00 Quénet et al. 2021,52
(calcium 50 mg (price per 1 vial £20) BNF 2022,%#! Sacco et
folinate) al. 2010%+2
Total cost of £2281.06  Total costs of HIPEC drugs (sum of HIPEC 1 £2281.06
HIPEC drugs drug costs)
Total costs of £5740.47
HIPEC
CRS costs
Uncomplicated £6199.00 FF50C: Complex general abdominal 1 1 £6199.00 NHS tariffs November
CRS costs procedures with CC Score 0-2 (elective) 202220
Complicated £10,568.46 Average of FF50A: complex general 1 1 £10,568.46 NHS tariffs November
CRS costs abdominal procedures with CC Score 6+ 202279 and NHS

and FF50B: complex general abdominal reference costs?*®

procedures with CC Score 3-5 (weighted
by the number of procedures done based
on NHS reference costs)

Systemic
chemotherapy

GBP, Great British pounds; kg, kilograms; m?, meters squared; mg, milligrams; p.a., per annum.

Notes
Varied systemic chemotherapy was used according to the centre. The same systemic chemotherapy was used in both arms. As we were interested in incremental costs by using the policy
of HIPEC, the costs of systemic chemotherapy were not included in either arm.

£ XIAN3ddV



TABLE 18 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

Quantity Exchange Total Surface Body Total drug

per rate to mg/ area weight (mg per Total cost
Unit cost Notes/description patient GBP m? (m?) (kg) patient) (GBP 2022) Source
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1%4%

HIPEC costs
HIPEC machine

HIPEC €45,000.00
machine
(Performer HT)

HIPEC €5500.00
machine

service costs

per year

Lifetime for 10
machine
(years)

Interest rate 5%

Annuity factor 7.72

Cost of HIPEC £13,479.97
machine per
year

Cost of HIPEC £192.57
machine per
patient

HIPEC
disposables

Hang and Go £1020.00
Set per case

Original cost: €45,000 + VAT. Lifetime 1
of the machine is 10 years. Annuity
factor at 5% rate.

Original cost: €5500. Service cost per 1
year. This is the same regardless of
volume

Local estimate

This is calculated using the formula 1-[1/(1 + interest
rate)]*years / interest rate

This is calculated as: Cost of HIPEC 1
machine/annuity factor + HIPEC

machine service costs per year (in

GBP)

The machine volume per year can 1
differ according to the number of
procedures. On average, 1 machine

is required for every 70 patients

per year. The costs per patient are
calculated as total machine costs per
year/number of patients per year

Cost per patient of consumables 1

1.19

1.19

£53,550.00 Hospital costs; Euro to
GBP exchange rate®”

£6545.00 Hospital costs

Local estimate

Drummond 20157

£13,479.97

£192.57

£1020.00 Hospital costs

continued
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TABLE 18 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

Cytotoxic
disposal per
case

Baxter
mitomycin

Other
mitomycin
consumables

Total cost of
disposables

HIPEC
practitioner

HIPEC
practitioner
salary (p.a)

Additional
operating time

Additional
operating time
(NHS costs)

Additional
hospital stay

Ad(ditional
hospital stay

Unit cost

£1.85

£47.00

£74.37

£1143.22

£65.00

£637.30

£292.00

Notes/description

Cost per patient of disposable
material

This is a practitioner who runs and
maintains the machine. The salary
range here is £40,057-45,839.
Average 5.5 hours per case. Assuming
47.5 hours per week, 42 weeks a year,
the cost per hour is £65. Time per
case is 5.5*£65

Costs per hour of operating time

Per night extra hospital stay

55

15

29

Exchange
rate to
GBP

Total Surface Body
mg/ area weight
m? (m?) (kg)

Total drug
(mg per
patient)

Total cost
(GBP 2022)

£1.85

£47.00

£74.37

£1143.22

£357.50

£955.94

£8468.00

Hospital costs

Hospital costs

Hospital costs

NHS providers?3®
(adjusted for inflation
using 2015 as base
index and October 2021
index of 113.6);%%° extra
operating time = dura-
tion of HIPEC

Verwaal et al. 2003,*4
NHS tariffs November
2022240
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TABLE 18 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

HIPEC (drugs)

Unit cost

Quantity Exchange Total Surface Body Total drug

per rate to mg/ area weight (mg per Total cost
Notes/description patient GBP m? (m?) (kg) patient) (GBP 2022)

This is based on non-reusable vials. The vial denominations were chosen to minimise the costs for the
base-case scenario.

Source

Mitomycin £137.30 17.5 mg/m? followed by 8.8 mg/m? 1 1 439 18 79.02 £137.30 Verwaal et al. 2003,*#
every 30 minutes (for 90 minutes). BNF 2022,%** Sacco et
The total dose was limited to 70 mg al. 2010%2
at maximum. Three vials 20 mg at
price £39 each and one 10 mg at
£20.30
Total cost of £137.30 Total costs of HIPEC drugs (sum of 1 £137.30
HIPEC drugs HIPEC drug costs)
Total costs of £11,360.56
HIPEC
CRS costs
Uncomplicated £6199.00 FF50C: Complex general abdominal 1 1 £6199.00 NHS tariffs November
CRS costs procedures with CC Score 0-2 202220
(elective)
Complicated £10,568.46  Average of FF50A: Complex general 1 1 £10,568.46  NHS tariffs November
CRS costs abdominal procedures with CC Score 2022240
6+ and FF50B: Complex general
abdominal procedures with CC
Score 3-5 (weighted by the number
of procedures done based on NHS
reference costs)
Systemic
chemotherapy
5FU fluoroura- £12.80 400 mg/m? per patient = 720 mg; 2 26 1 400 1.8 720 £332.80 Verwaal 2003,* BNF
cil (systemic) vials of 500 mg (price per 1 vial £6.40) 2022,* Sacco et al.
2010242
Folinic acid £57.50 80 mg/m? per patient = 144 mg; 1 vial 26 1 80 1.8 144 £1495.00 Verwaal et al. 2003,*4
(leucovorin) 100 mg at price £37.50+ 1 vial 50 mg BNF 2022,%* Sacco et
systemic at £20 each al. 2010%#2
continued
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TABLE 18 Colorectal cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

Exchange Total Surface

Body

Total drug

rate to mg/ area weight (mg per Total cost
Unit cost Notes/description GBP m? (m?) (kg) patient) (GBP 2022) Source
Baxter cost £26.00 26 1 £676.00 Hospital costs
5FU
Total costs £2503.80
of systemic
chemotherapy

GBP, Great British pounds; kg, kilograms; m? meters squared; mg, milligrams; p.a., per annum.
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TABLE 19 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC costs
HIPEC machine

HIPEC
machine
(performer HT)

HIPEC
machine
service costs
per year

Lifetime for
machine
(years)

Interest rate

Annuity factor

Cost of HIPEC
machine per
year

Cost of HIPEC
machine per
patient

HIPEC
disposables

Hang and Go
Set per case

Unit cost

€45,000.00

€5500.00

10

5%
7.72

£13,479.97

£192.57

£1020.00

Notes/description

Original cost: €45,000 + VAT. Lifetime of
the machine is 10 years. Annuity factor at
5% rate.

Original cost: €5500. Service cost per

year. This is the same regardless of
volume

Local estimate

Total
drug

Quantity Exchange Total

Surface Body
area

(m?) (kg)

per rate to mg/
patient GBP m?

1 1.19

1 1.19

This is calculated using the formula 1-[1/(1 + interest rate)]*-

years / interest rate

This is calculated as: cost of HIPEC
machine/annuity factor + HIPEC machine
service costs per year (in GBP)

The machine volume per year can differ
according to the number of procedures.
On average, 1 machine is required for
every 70 patients per year. The costs per
patient are calculated as total machine
costs per year/number of patients per
year

Cost per patient of consumables

1 1
1 1
1 1

weight (mgper Total cost
patient) (GBP 2022) Source

£53,550.00 Hospital costs; Euro to GBP

exchange rate®”

£6545.00 Hospital costs

Local estimate

Drummond et al. 2015%7

£13,479.97

£192.57

£1020.00 Hospital costs

continued
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TABLE 19 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Total
Quantity Exchange Total Surface Body drug
per rate to mg/ area weight (mgper Total cost

Unit cost  Notes/description patient GBP m? (m?) (kg) patient) (GBP 2022)
Cytotoxic £1.85 Cost per patient of disposable material 1 1 £1.85 Hospital costs
disposal per
case
Baxter £47.00 1 1 £47.00 Hospital costs
mitomycin
Baxter £47.00 1 1 £47.00 Hospital costs
cisplatin
Other £74.37 1 1 £74.37 Hospital costs
mitomycin
consumables
Total cost of £1190.22 1 1 £1190.22
disposables
HIPEC
practitioner
HIPEC £65.00 This is a practitioner who runs and 5.5 £357.50
practitioner maintains the machine. The salary range
salary (p.a) here is £40,057-45,839. Average 5.5

hours per case. Assuming 47.5 hours per
week, 42 weeks a year, the cost per hour
is £65. Time per case is 5.5*£65

Additional

operating time

Additional £637.30 Costs per hour of operating time 1 1 £637.30 NHS providers?® (adjusted for
operating time inflation using 2015 as base index
(NHS costs) and October 2021 index of 113.6);2%

extra operating time = duration of
HIPEC
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TABLE 19 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Additional
hospital stay

Additional
hospital stay

HIPEC (drugs)
Mitomycin
Cisplatin

Total cost of

HIPEC drugs

Total costs of
HIPEC

CRS costs

Uncomplicated
CRS costs

Complicated
CRS costs

Unit cost

£292.00

£78.00

£73.50

£151.50

£6199.00

£10,568.46

Total
drug

Quantity Exchange Total

Surface Body
area

(m?) (kg)

per rate to mg/

Notes/description patient GBP m?

Per night extra hospital stay 2.5 1

This is based on non-reusable vials. The vial denominations were chosen to minimise the costs for
the base-case scenario.

15 mg/m?* = 75 mg (2 vials 20 mg at price 1 1 15 1.8 27
£39 each)

75 mg/m? = 135 mg (3 vials 50 mg at 1 1 75 1.8 135
price £24.50 each)

Total costs of HIPEC drugs (sum of HIPEC 1
drug costs)

FF50C: complex general abdominal 1 1
procedures with CC Score 0-2 (elective)

Average of FF50A: complex general 1 1
abdominal procedures with CC Score 6+

and FF50B: complex general abdominal

procedures with CC Score 3-5 (weighted

by the number of procedures done based

on NHS reference costs)

weight (mgper Total cost
patient) (GBP 2022)

£730.00

£78.00

£73.50

£151.50

£3329.77

£6199.00

£10,568.46

Source

There is no information on length of
hospital stay. For colorectal cancer, it
was 5 days more; for ovarian cancer,
it was 2 and 3 days more - a value of
2.5 was used for this analysis; NHS
tariffs November 202224

Quénet 2021,%2 BNF 2022,2*! Sacco
et al. 2010%2

Quénet et al. 2021,°2 BNF 2022,24
Sacco et al. 2010242

NHS tariffs November 202224

NHS tariffs November 202224 and
NHS reference costs®

continued
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TABLE 19 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Systemic
chemotherapy

HER-2 negative
cancers

Epirubicin

Oxaliplatin

Baxter
oxaliplatin

Capecitabine
tablets (days
1-14)

Total cost

of systemic
chemotherapy
(HER-2
negative)

HER-2 positive
cancers
Trastuzumab

Trastuzumab

Cisplatin

Unit cost

£210.76

£738.06

£47.50

£119.00

£6691.92

£1759.98

£1393.32

£73.50

per
Notes/description patient

50 mg/m?; maximum 100 mg/day (1 vial 6
100 mg at £201.76)

130 mg/m?; maximum 260 mg/day (2 6
vials 100 mg at £295.63; 1 vial 50 mg
£146.80)

625 mg/m? two times a day for 14 days; 6
max 2500 mg/day; price for 500 mg £225
120 tablets; price for 150 mg £30 60
tablets; total requirement: 4*500 mg + 2
*150 mg per day*14 days*6 cycles, that is
(4*225/120+2*30/60)*14 per cycle

8 mg/kg (cycles 1 and 4); (1 vial 420 at 2
£1026.66 + 2 vials 150 at £366.66)

6 mg/kg cycle 2, 3,4 and 6; (1 vial 420 at 4
£1026.66+1 vial 150 at £366.66)

80 mg/m?; maximum 160 mg/day; (3 vials 6
50 mg at price £24.50 each)

Total
Quantity Exchange Total Surface Body drug

rate to mg/ area weight (mgper Total cost
GBP m? (m?) (kg) patient) (GBP 2022)

1 50 1.8 90 £1264.56
1 130 1.8 234 £4428.36
1 £285.00
1 625 1.8 1125 £714.00
1 £6691.92
1 8 81 648 £3519.96
1 6 81 486 £5573.28
1 80 1.8 144 £441.00

Rau et al. 2021, BNF 2022,%4
Sacco et al. 201022

Rau et al. 2021, BNF 2022,%4
Sacco et al. 201022

Hospital costs

Hospital costs

Rau et al. 2021,%° BNF 2022,24
Sacco et al. 2010?42

Rau et al. 2021,%° BNF 2022,24
Sacco et al. 2010?42

Rau et al. 2021,%* BNF 2022,24
Sacco et al. 2010?42
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TABLE 19 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Quantity Exchange Total Surface Body

per rate to mg/ area
Unit cost  Notes/description patient GBP m? (m2)
Baxter £47.00 6 1
cisplatin
Capecitabine £192.99 1000 mg/m? two times a day for 14 days; 6 1 1000 1.8
tablets (days max 4000 mg/day; price for 500 mg £225
1-14) 120 tablets; price for 300 mg £76.04 60

tablets; total requirement: 6*500 mg + 2
*300 mg per day*14 days*é6 cycles, that is
(6*225/120+2*76.04/60)*14 per cycle

Total cost £7454.19 1 1
of systemic

chemotherapy

(HER-2 positive)

Total costs Assumption of 18% HER-2 positive gastric cancers
of systemic
chemotherapy

Total
drug
weight (mgper Total cost
patient) (GBP 2022)

£282.00

1800 £1157.91

£7454.19

£6829.13

Source

Hospital costs

Hospital costs

Chua and Merrett 201244

GBP, Great British pounds; kg, kilograms; m?, meters squared; mg, milligrams; p.a., per annum.
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TABLE 20 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone

HIPEC costs
HIPEC machine

HIPEC
machine
(performer HT)

HIPEC
machine
service costs
per year

Lifetime for
machine
(years)

Interest rate

Annuity factor

Cost of HIPEC
machine per
year

Cost of HIPEC
machine per
patient

HIPEC
disposables

Hang and Go
Set per case

Cytotoxic
disposal per
case

Unit cost

€45,000.00

€5500.00

10

5%

7.72

£13,479.97

£192.57

£1020.00

£1.85

Quantity Exchange

per rate to

Notes/description patient GBP

Original cost: €45,000 + VAT. Lifetime of 1 1.19
the machine is 10 years. Annuity factor at

5% rate.

Original cost: €5500. Service cost per year. 1 1.19

This is the same regardless of volume

Local estimate

This is calculated using the formula 1-[1/(1 + interest rate)]*years / interest
rate

This is calculated as: cost of HIPEC 1 1
machine/annuity factor + HIPEC machine
service costs per year (in GBP)

The machine volume per year can differ 1 1
according to the number of procedures. On

average, 1 machine is required for every 70

patients per year. The costs per patient are

calculated as total machine costs per year/

number of patients per year

Cost per patient of consumables 1 1

Cost per patient of disposable material 1 1

Surface
area
(m?)

Body
weight
(kg)

Total drug
(mg per
patient)

Total cost
(GBP 2022)

£53,550.00 Hospital costs; Euro
to GBP exchange
rate®”
£6545.00 Hospital costs
Local estimate
Drummond et al.
2015%7
£13,479.97
£192.57

£1020.00 Hospital costs

£1.85 Hospital costs

£ XIAN3ddV
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TABLE 20 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

Quantity Exchange

Total cost
(GBP 2022) Source

per

Unit cost Notes/description patient
Baxter cost £47.50 1
oxaliplatin
Baxter cost £26.00 1
5FU
Total cost of £1095.35 1
disposables
HIPEC
practitioner
HIPEC £65.00 This is a practitioner who runs and 55
practitioner maintains the machine. The salary range
salary (p.a) here is £40,057-45,839. Average 5.5 hours

per case. Assuming 47.5 hours per week, 42
weeks a year, the cost per hour is £65. Time
per case is 5.5*£65

Additional
operating time

Additional £637.30 Costs per hour of operating time 0.5
operating time
(NHS costs)

Additional
hospital stay

Additional £292.00 Per night extra hospital stay 17
hospital stay

HIPEC (drugs) This is based on non-reusable vials. The vial denominations were chosen to minimise the costs for the base-

case scenario

£47.50 Hospital costs

£26.00 Hospital costs

£1095.35

£357.50

£318.65 NHS providers?®
(adjusted for inflation
using 2015 as base
index and October
2021 index of
113.6);%? extra oper-
ating time = duration
of HIPEC

£4964.00 Rudloff et al. 2014;%*
NHS tariffs November
202270
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TABLE 20 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

Unit cost

Oxaliplatin £2543.89

5FU £12.80
fluorouracil

Folinic acid £20.00

leucovorin

Total cost of £2576.69

HIPEC drugs

Total costs of
HIPEC

CRS costs

Uncomplicated £6199.00

CRS costs

Complicated £10,568.46

CRS costs

Systemic
chemotherapy

Irinotecan £110.00

Oxaliplatin £591.26

Notes/description

460 mg/m? in closed circuit = 828 mg; 4
vials of 200 mg (price 1 vial £591.26) + 1
vial 50 mg (price 1 vial £178.85)

400 mg/m? per patient = 720 mg; 2 vials of
500 mg (price per 1 vial £6.40)

20 mg/m? per patient = 36 mg; 1 vial of
50 mg (price per 1 vial £20)

Total costs of HIPEC drugs (sum of HIPEC
drug costs)

FF50C: complex general abdominal
procedures with CC Score 0-2 (elective)

Average of FF50A: complex general
abdominal procedures with CC Score 6+
and FF50B: complex general abdominal
procedures with CC Score 3-5 (weighted by
the number of procedures done based on
NHS Reference costs)

165 mg/m? administer 90 min-
utes = 297 mg (1 vial 300 mg at £110)

Over 2 hours 85 mg/m? =1 53 mg; 1 vials of
200 mg (price 1 vial £591.26)

12

12

Total
mg/
m2

460

400

20

165

85

Surface Body Total drug
area weight (mg per Total cost
(m2) (kg) patient) (GBP 2022)
1.8 828 £2543.89
1.8 720 £12.80
1.8 36 £20.00
£2576.69
£9540.10
£6199.00
£10,568.46
1.8 297 £1320.00
1.8 153 £7095.12

Rudloff et al. 2014;%*
BNF 2022;%** Sacco et
al. 2010%2

Rudloff et al. 2014;%*
BNF 2022;2*! Sacco et
al. 2010%2

Rudloff et al. 2014;%*
BNF 2022;%** Sacco et
al. 2010%2

NHS tariffs November
202220

NHS tariffs November
2022749 and NHS
reference costs?*®

Rudloff et al. 2014;%*
BNF 2022;2** Sacco et
al. 2010%42

Rudloff et al. 2014;%*
BNF 2022;2*! Sacco et
al. 2010%2
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TABLE 20 Gastric cancer: HIPEC + CRS + systemic chemotherapy vs. systemic chemotherapy alone (continued)

Quantity Exchange Total Surface

per rate to mg/ area
Unit cost Notes/description patient GBP m? (m?)
Baxter £47.50 12 1
oxaliplatin
Folinic acid £147.32 Over hours 200 mg/m? per patient = 60 mg; 12 1 200 1.8
leucovorin 1 vial of 350 mg (price per 1 vial £139.52) +
1 vial 15 mg (£39 for 5 vials)
5FU £96.00 Over 48 hours 3200 mg/m? per 12 1 3200 1.8
fluorouracil patient = 5760 mg; 1 vials of 5 g (price per
1 vial £64) + 1 vial 2.5 g at £32
Baxter cost £26.00 12 1
5FU
Total cost
of systemic
chemotherapy

Total drug
(mg per
patient)

360

5760

Total cost
(GBP 2022)

£570.00

£1767.84

£1152.00

£312.00

£12,216.96

Hospital costs

Hospital costs

Rudloff et al. 2014;%*
BNF 2022;%** Sacco et
al. 2010%2

Rudloff et al. 2014;¢*
BNF 2022;2** Sacco et
al. 2010%2

GBP, Great British pounds; kg, kilograms; m? meters squared; mg, milligrams; p.a., per annum.
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TABLE 21 Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy

HIPEC costs
HIPEC machine

HIPEC
machine
(performer HT)

HIPEC
machine
service costs
per year

Lifetime for
machine
(years)

Interest rate

Annuity factor

Cost of HIPEC
machine per
year

Cost of HIPEC
machine per
patient

HIPEC
disposables

Hang and Go
Set per case

Cytotoxic
disposal per
case

Unit cost

€45,000.00

€5500.00

10

5%

7.72

£13,479.97

£192.57

£1020.00

£1.85

Quantity Exchange

per rate to
Notes/description patient GBP

Original cost: €45,000 + VAT. Lifetime of 1 1.19
the machine is 10 years. Annuity factor
at 5% rate.

Original cost: €5500. Service cost per 1 1.19
year. This is the same regardless of
volume

Local estimate

This is calculated using the formula 1-[1/(1 + interest rate)] years /
interest rate

This is calculated as: cost of HIPEC 1 1
machine/annuity factor + HIPEC machine
service costs per year (in GBP)

The machine volume per year can differ 1 1
according to the number of procedures.

On average, 1 machine is required for

every 70 patients per year. The costs per

patient are calculated as total machine

costs per year/number of patients per year

Cost per patient of consumables 1 1

Cost per patient of disposable material 1 1

Total cost
(GBP 2022) Source

£53,550.00 Hospital costs; Euro to
GBP exchange rate®”

£6545.00 Hospital costs

Local estimate

Drummond et al. 20152%”

£13,479.97

£192.57

£1020.00 Hospital costs

£1.85 Hospital costs

£ XIAN3ddV
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TABLE 21 Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Exchange Total Surface Body Total drug

rate to mg/ area weight (mg per Total cost

Unit cost Notes/description GBP m? (m?) (kg) patient) (GBP 2022) Source
Baxter cost £47.00 1 1 £47.00 Hospital costs
cisplatin
Total cost of £1068.85 1 1 £1068.85
disposables
HIPEC
practitioner
HIPEC £65.00 This is a practitioner who runs and 5.5 £357.50
practitioner maintains the machine. The salary range
salary (p.a) here is £40,057-45,839. Average 5.5

hours per case. Assuming 47.5 hours per
week, 42 weeks a year, the cost per hour
is £65. Time per case is 5.5*£65

Additional
operating time
Additional £637.30 Costs per hour of operating time 1.5 1 £955.94  NHS providers?3®
operating time (adjusted for inflation
(NHS costs) using 2015 as base
index and October 2021
index of 113.6),27 extra
operating time = duration
of HIPEC
Additional
hospital stay
Additional £292.00 Per night extra hospital stay 2.5 1 £730.00 van Driel et al. 2018%° and
hospital stay Lim et al. 2022,°* NHS
tariffs November 202224
HIPEC (drugs) This is based on non-reusable vials. The vial denominations were chosen to minimise the costs for the
base-case scenario.
Cisplatin £73.50 100 mg/m? = 180 mg (3 vials 50 mg at 1 1 100 1.8 180 £73.50 van Driel et al. 2018,°
price £24.50 each) BNF 2022,%** Sacco et al.
20107+
continued
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TABLE 21 Ovarian cancer: HIPEC + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy (continued)

Exchange Total Surface Body Total drug

rate to mg/ area weight (mg per Total cost

Unit cost Notes/description (¢]:] m? (m?) (kg) patient) (GBP 2022)
Sodium £143.00 9 mg/m?+12 g/m?=21 g/m? (3 vials of 1 1 21 1.8 37.8 £143.00 Hospital costs
thiosulphate 12.5 mg at £143 each)
Total cost of £216.50 Total costs of HIPEC drugs (sum of 1 £216.50
HIPEC drugs HIPEC drug costs)
Total costs of £3627.39
HIPEC
CRS costs
Uncomplicated £6199.00 FF50C: complex general abdominal 1 1 £6199.00 NHS tariffs November
CRS costs procedures with CC Score 0-2 (elective) 20220
Complicated £10,568.46 Average of FF50A: complex general 1 1 £10,568.46 NHS tariffs November
CRS costs abdominal procedures with CC Score 6+ 202224 and NHS

and FF50B: complex general abdominal reference costs?*®

procedures with CC Score 3-5 (weighted
by the number of procedures done based
on NHS reference costs)

Systemic

chemotherapy

Carboplatin £20.20 (5-6 mg/minute); we assume a total of 6 1 5 1.8 9 £121.20 van Driel et al. 2018,
5 mg/m? in total; 9 mg (1 vial 50 mg at BNF 2022,4* Sacco et al.
£20.20) 20102

Paclitaxel £227.50 175 mg/m? = 315 mg (1 vial 300 mg at 6 1 175 1.8 315 £1365.00 van Driel et al. 2018,%°
£192.50+1 vial 30 mg at £35) BNF 2022,%#* Sacco et al.

2010%2

Baxter £47.00 6 1 £282.00 Hospital costs

carboplatin

Total cost 1 1 £1768.20

of systemic

chemotherapy

GBP, Great British pounds; kg, kilograms; m? meters squared; mg, milligrams; p.a., per annum.

£ XIAN3ddV
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Colorectal
cancer

CRS + systemic
chemotherapy
WTP: £20,000

-£2,594,662
-£1,895,069
-£2,108,338
-£2,018,111
-£2,488,646
-£2,382,053
-£2,091,864
-£2,680,719
-£2,526,849
-£2,521,454
-£2,297,236
-£2,606,487
-£2,523,437
-£2,191,001
-£2,732,779
-£2,464,286
-£2,125,950
-£2,577,813
-£2,597,124
-£2,548,047
-£2,088,322
-£2,348,809

Colorectal
cancer

CRS + systemic
chemotherapy
WTP: £30,000

-£927,336
£124,870
-£196,556
-£61,452
-£770,443
-£607,300
-£170,219
-£1,053,337
-£826,995
-£818,759
-£479,426
-£945,439
-£816,963
-£319,036
-£1,136,992
-£734,761
-£220,766
-£901,801
-£930,837
-£850,228
-£168,536
-£558,191

Colorectal
cancer
systemic
chemotherapy
WTP: £20,000

£104,588,977
£104,491,274
£105,120,604
£103,935,895
£104,906,203
£105,528,468
£105,353,364
£104,386,829
£103,759,734
£104,200,504
£103,939,681
£103,880,460
£105,030,294
£104,235,518
£104,159,791
£103,541,190
£103,773,002
£105,188,553
£104,537,320
£104,141,435
£104,180,898
£103,504,377

Colorectal
cancer
systemic
chemotherapy
WTP: £30,000

£162,563,866
£162,427,829
£163,367,701
£161,589,837
£163,049,772
£164,001,199
£163,710,821
£162,281,972
£161,335,699
£161,992,860
£161,592,242
£161,531,826
£163,243,184
£162,044,587
£161,952,524
£160,998,023
£161,375,352
£163,450,045
£162,455,787
£161,908,700
£161,958,005
£160,963,833

Gastric cancer
CRS +
systemic
chemotherapy
WTP: £20,000

£8,671,402
£8,623,877
£8,585,394
£8,047,463
£8,564,863
£8,360,169
£8,145,168
£8,420,881
£9,059,035
£8,224,014
£8,318,442
£8,240,400
£8,889,078
£7,882,761
£8,499,976
£8,723,469
£8,407,605
£8,927,834
£9,416,063
£7,984,885
£8,649,765
£8,931,222

Gastric cancer
CRS +
systemic
chemotherapy
WTP: £30,000

£14,676,274
£14,609,159
£14,547,987
£13,730,906
£14,508,234
£14,195,502
£13,875,853
£14,296,141
£15,253,432
£13,995,376
£14,144,896
£14,028,550
£14,989,816
£13,494,994
£14,407,785
£14,757,336
£14,272,205
£15,045,153
£15,793,132
£13,632,396
£14,636,081
£15,058,670

Gastric cancer
systemic

chemotherapy
WTP: £20,000

£63,524,459
£63,183,580
£63,362,399
£65,095,759
£64,049,489
£64,834,551
£64,018,531
£64,709,498
£63,571,534
£64,732,437
£62,631,228
£64,674,830
£62,966,779
£62,602,533
£62,131,147
£63,207,763
£64,621,032
£64,098,906
£63,577,530
£65,163,653
£65,099,148
£62,347,958

Gastric cancer
systemic

chemotherapy
WTP: £30,000

£100,189,895
£99,723,480
£99,931,742
£102,604,243
£100,978,904
£102,139,111
£100,950,376
£101,972,296
£100,287,597
£102,002,777
£98,851,828
£101,952,625
£99,348,203
£98,824,216
£98,136,132
£99,713,202
£101,889,076
£101,029,659
£100,264,332
£102,706,899
£102,584,744
£98,380,309

Ovarian cancer
CRS + systemic CRS + systemic

chemotherapy
WTP: £20,000

£43,740,841
£42,853,265
£43,485,294
£44,157,980
£42,985,734
£43,312,132
£43,527,315
£44,114,742
£43,735,343
£42,874,971
£43,121,518
£44,258,884
£43,474,958
£44,326,788
£46,045,504
£43,481,037
£45,077,136
£45,490,483
£44,048,036
£43,871,691
£43,831,206
£43,364,398

Ovarian cancer

chemotherapy
WTP: £30,000

£67,393,389
£66,059,926
£67,000,168
£67,992,754
£66,263,993
£66,756,338
£67,084,265
£67,925,835
£67,383,969
£66,099,476
£66,466,506
£68,165,230
£67,000,153
£68,269,538
£70,833,985
£67,013,588
£69,394,928
£69,995,286
£67,843,602
£67,574,715
£67,520,144
£66,814,537
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23
24
25
26
27
28
29
30

Number
of
iterations

CoV

Colorectal
cancer

CRS + systemic
chemotherapy
WTP: £20,000

-£1,909,802
-£2,285,181
-£2,193,440
-£2,033,215
-£2,355,576
-£2,370,116
-£2,215,435
-£2,019,498

90,000

10.3%

Colorectal
cancer

CRS + systemic
chemotherapy
WTP: £30,000

£103,435
-£459,093
-£324,774
-£85,046
-£571,228
-£583,028
-£356,210
-£62,354
90,000

69.1%

Colorectal
cancer
systemic
chemotherapy
WTP: £20,000

£103,969,518
£104,068,705
£104,239,463
£105,734,783
£103,791,825
£104,584,330
£105,080,684
£104,074,238

10,000

0.6%

Colorectal
cancer
systemic
chemotherapy
WTP: £30,000

£161,653,881
£161,785,317
£162,072,688
£164,296,038
£161,387,016
£162,558,866
£163,301,722
£161,797,254

10,000

0.6%

Gastric cancer
CRS +
systemic
chemotherapy
WTP: £20,000

£8,490,569
£8,025,067
£8,229,151
£8,478,399
£8,629,304
£8,700,297
£8,163,467
£8,785,862

90,000

4.1%

Gastric cancer
CRS +
systemic
chemotherapy
WTP: £30,000

£14,394,498
£13,695,906
£14,006,398
£14,384,267
£14,596,632
£14,719,083
£13,903,129
£14,838,341

90,000

3.6%

Gastric cancer

systemic

chemotherapy
WTP: £20,000

£63,382,597
£64,428,363
£62,515,023
£63,172,906
£61,733,352
£64,435,004
£64,634,157
£64,405,813

15,000

1.5%

Gastric cancer
systemic

chemotherapy
WTP: £30,000

£99,989,954
£101,539,766
£98,656,887
£99,691,217
£97,509,764
£101,537,730
£101,891,150
£101,516,954
15,000

1.5%

Ovarian cancer
CRS + systemic
chemotherapy
WTP: £20,000

£44,226,679
£43,194,954
£43,343,282
£43,293,320
£41,948,256
£43,742,206
£43,548,768
£43,052,803

10,000

1.8%

Ovarian cancer
CRS + systemic
chemotherapy
WTP: £30,000

£68,121,822
£66,584,529
£66,782,061
£66,733,465
£64,692,012
£67,391,670
£67,083,175
£66,362,902

10,000

1.8%

CoV, coefficient of variation; WTP, willingness-to-pay threshold.

Note

The table shows that incremental NMBs of hyperthermic intraperitoneal chemotherapy (HIPEC) + CRS + systemic chemotherapy vs. CRS + systemic chemotherapy or systemic
chemotherapy alone of 1000 patients having various cancers at WTP of £20,000 and £30,000.
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