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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

The aim of this work is to evaluate the efficacy of cytoreductive surgery alone versus cytoreductive surgery in combination with

hyperthermic intraperitoneal chemotherapy (HIPEC), on patient benefits, complications and short-term outcomes in patients with

pseudomyxoma peritonei (PMP).

B A C K G R O U N D

Description of the condition

Pseudomyxoma peritonei (PMP) is a rare tumour affecting ap-

proximately one person in two millions each year (DeSantis 2017;

Smeenk 2008; Sherer 2001; Hinson 1998). PMP is characterised

by mucinous ascites (i.e., jelly-like liquid within the abdomi-

nal cavity) and peritoneal tumours (i.e., cancers arising from the

peritoneum, a thin membrane that lines the abdominal cavity)

most commonly originating from a ruptured mucinous tumour

of the appendix (Mukherjee 2004; Panarelli 2011; Ronnett 1997;

Smeenk 2008a; Young 2004), but occasionally could originate

from other mucinous tumours in the abdomen (e.g. in the colon,

rectum, stomach, pancreas). Typically these tumours grow slowly

within the abdominal cavity without spreading through the blood

stream to distant sites (Moran 2003; Ronnett 2001; Smith 1992;

Sugarbaker 1996a).

PMP rarely originates from a primary ovarian cancer, and in this
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case it presents as a mature teratoma (i.e., an usually benign tumor

arising from ovarian germ cells) with aspects of a mucinous neo-

plasm (i.e., a tumor that produces a jelly-like material) (McKenney

2008). Primary ovarian mucinous tumours are similar to metasta-

sis from appendix mucinous neoplasms (i.e., tumors arising from

the colonic appendix), though they have distinct pathological fea-

tures (Stewart 2014). Other mucinous tumours - such as those

from the colon, urachus, and pancreas - may share a PMP presen-

tation (Carr 2012), but they usually progress much more quickly

with consequent worse prognosis. Over time, accumulation of

mucin in the peritoneal cavity leads to massive symptomatic ab-

dominal distension and ultimately mechanical gastrointestinal ob-

struction, the main cause of death in these patients.

The definition of PMP has been debated for many years (De Vita

2008). Recently, experts of the Peritoneal Surface Oncology Group

International (PSOGI) agreed to consider PMP a clinical syn-

drome characterised by accumulation of mucinous material in the

abdominal cavity, typically sustained by low-grade epithelial tu-

mours growing in a sparse pattern (Carr 2016). Mucinous appen-

diceal neoplasia are classified as: 1) “mucinous adenocarcinoma”

that are lesions with infiltrative growth pattern, 2) “low-grade ap-

pendiceal mucinous neoplasm” that are the common low-grade

tumours with no infiltrative growth pattern of the appendix, and

3) “high-grade appendiceal mucinous neoplasm” that are lesions

showing high-grade cytologic atypia (i.e., abnormal microscopic

appearance of the cells composing the tumor) and no infiltrative

invasion but with high-grade cytologic atypia. On the other hand,

PMP is defined as a syndrome characterised by the “redistribu-

tion phenomenon” (Sugarbaker 1994), that is the redistribution

through the peritoneal cavity of the mucus and the cells it contains

which follow the normal flow of peritoneal fluid to sites of fluid

absorption through lymphatic lacunae and lymphoid aggregates.

As a consequence, tumour deposits generally are not detected at

mobile small bowel loops and accumulates in the pelvis, paracolic

gutters, omentum, and liver capsule. However, this new classi-

fication also recognises that PMP can harbour different degrees

of malignancy, with low-grade through to high-grade histologic

features presenting clinically as PMP (Carr 2016). Overall, three

main categories of PMP have been identified which are charac-

terised by low-grade, high-grade, and high-grade with signet ring

cell tumours. From the epidemiology viewpoint, no clear differ-

ences in terms of age, gender, race or risk factors are reported.

Although prognosis is generally much better than that character-

ising patients with peritoneal carcinomatosis (from tumours such

as gastric, colorectal, pancreatic and ovarian carcinomas), survival

rates can be different based upon histological grade (i.e. worse

prognosis for patients with higher grade PMP) (De Vita 2008;

Hinson 1998; Mukherjee 2004; Panarelli 2011; Ronnett 1997;

Sherer 2001; Smeenk 2008; Smeenk 2008a; Young 2004).

Description of the intervention

The standard therapy for PMP is cytoreductive surgery (Gough

1994; Guner 2005; Mann 1990; Miner 2005; Moran 2008;

Rubino 2012; Winder 2010). All tumour deposits onto the peri-

toneal surface are excised through the abdominal cavity together

with segmental peritonectomy of the anatomical area affected by

the PMP which include left diaphragm, right diaphragm, pelvis,

left and right antero-lateral abdominal wall. Multivisceral resec-

tions may be needed during surgery, such as performance of radi-

cal omentectomy (i.e., complete removal of the greater omentum,

the fatty apron-like peritoneal layer that covers the bowel loops),

hystero-oophorectomy (i.e., removal of uterus and ovaries), and

intestinal resections. The main goal of surgical resection is to re-

lieve symptoms secondary to the tumour bulk and ascites (abnor-

mal buildup of fluid in the abdomen) as well as to resect all tu-

mour deposits in order to prolong patient survival. The degree of

tumour debulking is the most important prognostic factor for sur-

vival in these patients (Gough 1994; Guner 2005; Miner 2005). In

other words, a successful tumour resection, with no macroscopic

disease left in the abdomen, is associated with the best prognosis.

As mentioned above, PMP has a characteristic route of spreading

through the abdomen, requiring accurate abdominal exploration

and resections. Clearly, preoperative evaluation through contrast-

enhanced computerised tomography (CT) scan (and, in selected

cases with meaningful pelvic involvement, magnetic resonance

imaging (MRI) scan) can be of great help when planning a resec-

tion (Liu 2009).

Sugarbaker established a method, the peritoneal cancer index

(PCI), which is the most widely used staging approach to PMP

and peritoneal carcinomatosis from other neoplasms (Sugarbaker

1999; Sugarbaker 1993). The abdomen is classified using 12 re-

gions, and a score from 0 (no tumour deposits) to 3 (tumour de-

posits of more than 5cm or confluent) is assigned to each region.

The PCI is calculated as the sum of each region score and of-

fers important prognostic information, as higher scores are asso-

ciated with greater probability of disease recurrence and survival

(Sugarbaker 1996; Sugarbaker 1996a; Sugarbaker 2001).

The main criterion to preclude surgical resection is the presence

of tumour deposits in the area of the hepato-duodenal ligament,

a situation that needs to be ruled out with preoperative imaging

and abdominal exploration (De Vita 2008). Local recurrence often

occurs, which requires further surgical resection (Glehen 2004).

In this regard it is important to minimise small and large bowel

segmental resection in order to avoid long-term morbidity.

Despite thorough surgical resection, microscopic disease cannot

be eradicated with surgery and intraperitoneal chemotherapy ap-

proaches have been established to reduce the amount of residual

disease that cannot be identified both preoperatively and intraop-

eratively.

Hyperthermic intraperitoneal chemotherapy (HIPEC) has been

proposed as an additional treatment to enhance local disease con-

trol achieved with cytoreductive surgery (Deraco 2003; Deraco

2004; Deraco 2007; Pilati 2001; Pilati 2003; Sugarbaker 2006;
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Sugarbaker 2009; Witkamp 2001). After optimal surgical cytore-

duction, HIPEC is performed intra-operatively through insertion

of catheters through the abdominal wall and used to administer cy-

totoxic drugs (i.e. chemotherapy) under hyperthermic conditions

ranging between 40 and 41 degrees Celsius by means of an extra-

corporeal circuit (Brucher 2012; Bryant 2005). The most com-

monly used chemotherapy agents for HIPEC are cisplatin, mit-

omycin-C and 5-fluorouracil (Farquharson 2008; Jacquet 1998):

these drugs are infused through the abdominal cavity - usually for

60 minutes - with the aim of targeting the microscopic PMP de-

posits that remain after cytoreductive surgery, thus reducing the

risk of locoregional disease recurrence. The intraperitoneal drug

concentrations reached during HIPEC are much higher than those

reached by means of systemic chemotherapy, which is the main ra-

tional for every locoregional treatment (Brucher 2012; Sugarbaker

2006).

How the intervention might work

Cytoreductive surgery is aimed at resection of all visible tumour

deposits. HIPEC allows cytotoxic drugs to reach concentrations in

the peritoneal cavity that are approximately 20 times higher than

those reached with systemic (i.e. intravenous) drug administration,

without resulting in life-threatening toxicity. By targeting minimal

residual disease not removed by surgery, HIPEC aims to virtually

eradicate microscopic tumour deposits which may be left after

surgery, with the ultimate goal of prolonging patient survival.

Why it is important to do this review

The therapeutic effectiveness of combining cytoreductive surgery

with HIPEC is supported by randomised controlled trials for

patients with ovarian cancer (Spiliotis 2015), colorectal cancer

(Verwaal 2003), and gastric cancer (Yang 2011), but has never been

formally proven in PMP. Nevertheless, optimal cytoreduction plus

HIPEC is often considered to provide patients with the best ther-

apeutic chance to control the PMP (Bryant 2004; Deraco 2004;

Loungnarath 2005; Witkamp 2001a). Cytoreductive surgery and

HIPEC can cause significant postoperative morbidity and mor-

tality; in fact, candidates to these treatments must be counselled

about the high morbidity risk. Therefore, when choosing this ap-

proach for the treatment of PMP, physicians should take into ac-

count not only the unproven synergy between cytoreduction and

HIPEC but also the side effects of this combination. Finally, this

procedure carries the risk of potential impairment of quality of

life after surgery, due to the relatively high incidence of adhesion

syndrome which may require reoperation (Kerscher 2010).

Although these issues have been addressed in qualitative reviews

and expert opinion articles, a systematic approach has not yet been

applied to this field of oncology, which has prompted us to fill this

gap in the medical literature.

O B J E C T I V E S

The aim of this work is to evaluate the efficacy of cytoreductive

surgery alone versus cytoreductive surgery in combination with

hyperthermic intraperitoneal chemotherapy (HIPEC), on patient

benefits, complications and short-term outcomes in patients with

pseudomyxoma peritonei (PMP).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised controlled trials (RCTs), compara-

tive non-randomised studies, controlled before-and-after studies

(CBAs) and interrupted time series (ITS). No cluster-RCTs or

cross-over RCTs will be considered. We will take into considera-

tion potential confounders, such as type of surgery (only optimal

cytoreduction or any cytoreduction) and origin of pseudomyxoma

peritonei (appendix versus ovarian versus unknown/undefined/

unreported origin). No language restriction will be applied.

Types of participants

We will include adult participants (people aged 18 years or more,

any sex) with a histological diagnosis of pseudomyxoma peritonei

(PMP) who underwent cytoreductive surgery with or without hy-

perthermic intraperitoneal chemotherapy (HIPEC).

Types of interventions

Cytoreductive surgery alone will be considered the reference treat-

ment, whereas cytoreductive surgery plus HIPEC will be consid-

ered the experimental treatment.

Types of outcome measures

Primary outcomes

• Overall survival: median survival and five-year survival rate.

We will use the hazard ratio (HR) if a comparison between

reference and experimental treatments is available.

• Cancer-specific survival: median survival and five-year

survival rate. We will use the HR if a comparison between

reference and experimental treatments is available.

• Postoperative morbidity and mortality: rates of morbidity

(overall and severe, as defined by need for reoperation) and

mortality within 30 days from treatment. We will use the odds
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ratio (OR) if a comparison between reference and experimental

treatments is available; since HIPEC can be associated with

prolonged postoperative ileus, the average length of hospital stay

(in days) will be recorded for both cytoreductive surgery alone

and combined with HIPEC,.

Secondary outcomes

• Disease-free survival: median survival and five-year survival

rate.

• Quality of life: since there are no standardised disease-

specific scales and questionnaires to assess the quality of life of

these patients undergoing HIPEC, we will describe findings

from studies, if any.

Search methods for identification of studies

Electronic searches

We will search the Cochrane Central Register of Controlled trials

(CENTRAL) (Appendix 1). Furthermore, we will search the elec-

tronic databases MEDLINE (Appendix 2) and Embase (Appendix

3). Further information will be searched for in clinical trial reg-

isters (ClinicalTrials.gov and UK Clinical Trials Gateway) as well

as in review articles dedicated to this subject and references listed

in each eligible article. There will be no restriction on language.

Moreover, we will apply no time restrictions.

We will not consider unpublished data or findings reported in

abstract form only, due to the lack of data that can be retrieved from

these sources as opposed to the need to have as much information

as possible in an ill-defined subject such as PMP.

In addition to the electronic search, we will contact authors of

included studies for additional or missing information, as well as

cross checking references of all included studies.

Two authors (SP and SM) will independently screen retrieved

citations. Abstracts will be independently evaluated by the same

two authors: any disagreement will be solved by discussion and

consensus with a third author (AS). Based on abstract reading,

two authors (SP and SM) will retrieve the full text of potentially

eligible articles which will be screened for inclusion. Also in this

case, any disagreement will be solved by discussion and consensus

with a third author (AS).

Data collection and analysis

Selection of studies

We will assess the titles and abstracts of retrieved articles for eligi-

bility. If this information is insufficient to assess eligibility, we will

review the full article. Two review authors will be in charge of this

task; the authors will achieve consensus on all results considered

for the final analysis through iteration and discussion. Once all

eligible studies are identified, the two authors will independently

perform a quality evaluation of the heterogeneity between studies,

randomisation (if applicable), blinding and follow-up.

Data extraction and management

Two review authors (SM and SP) will independently assess the

included studies in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011).

The review authors will compare their evaluations and resolve pos-

sible inconsistencies. We will use a pilot data extraction form (in-

cluding the characteristics of included studies, comprising infor-

mation which allows for ’Risk of bias’ judgements) for the first

third of retrieved articles; we will then refine the form (if neces-

sary) and use the refined version for the final data extraction from

all retrieved articles.

Assessment of risk of bias in included studies

We will assess the risk of bias in included studies according to

the recommendations in theCochrane Handbook (Higgins 2011),

considering the following for RCTs:

• the method of generation of the randomisation sequence;

• the method of allocation concealment;

• the blinding of participants and personnel;

• the blinding of outcome assessors;

• the presence of incomplete outcome data;

• selective outcome reporting;

• other bias.

This information will be recorded in a ’Risk of bias’ table, which is

part of the Characteristics of included studies table for each study.

We will report the overall risk of bias for each study as follows:

• low risk of bias (plausible bias unlikely to seriously alter the

results) if all criteria mentioned above are assessed as being at low

risk of bias;

• unclear risk of bias (plausible bias that raises some doubt

about the results) if one or more criteria are assessed as being at

unclear risk of bias; or

• high risk of bias (plausible bias that seriously weakens

confidence in the results) if one or more criteria are assessed as

being at high risk of bias.

As regards comparative but non-randomised studies, risk of bias

will be evaluated by means of the ROBINS-I tool (Risk Of Bias In

Non-randomised Studies - of Interventions) (Sterne 2016), which

considers the following bias domains.

• Pre-intervention: 1) bias due to confounding; 2) bias in

selection of participants into the study

• At intervention: 1) bias in classification of interventions
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• Post-intervention: 1) bias due to deviations from intended

interventions; 2) bias due to missing data; 3) bias in measurement

of outcomes; 4) bias in selection of the reported result

We will present data on the risk of bias in included studies in an

additional table, and we will consider the ’Risk of bias’ assessment

when we interpret the results of the review. We will not exclude

studies on the grounds of risk of bias. Where it is appropriate

to undertake a meta-analysis, we will include risk of bias in our

GRADE assessment of study limitations.

Measures of treatment effect

For survival comparisons (should data be permissive), hazard ratios

(HRs) will be either entered directly in Review Manager (if directly

reported in the eligible article, usually as a result of a Cox regression

survival analysis) or extrapolated from Kaplan-Meier plots using

the methods described by Parmar (Parmar 1998). For secondary

outcomes, we will use morbidity rates and morbidity odds ratios

(ORs). We will use 95% confidence intervals (CIs) as a measure

of estimated uncertainty for all outcome measures.

Unit of analysis issues

The unit of analysis will be the individual participant. No cluster-

RCTs or cross-over RCTs will be considered. Although we do not

expect to find this kind of studies, in case of multiple-arm trials

we will only consider the comparison between the two arms of

interest, that is, cytoreductive surgery alone and surgery combined

with HIPEC,

Dealing with missing data

In case of missing data we will try to contact the study authors

to retrieve those data. In case no data can be retrieved, we will

apply the best-worst case scenario approach to assess the impact of

missing data on findings, as suggested in the Cochrane Handbook
(Higgins 2011). In particular, for dichotomous outcomes we will

use a sensitivity analysis based on considering the so called “best-

case” and “worst-case” scenario: in the former scenario all partic-

ipants with missing outcomes in the experimental intervention

group are considered to have had good outcomes, and all those

with missing outcomes in the control intervention group are con-

sidered to have had poor outcomes; in the “worst-case” scenario,

the opposite situation is considered. The difference in pooled re-

sults between the two scenarios provides an estimate of the impact

of missing data on the final results.

Assessment of heterogeneity

We will assess the consistency of results (effect sizes) among stud-

ies using the I2 statistic (Higgins 2002). To be more conserva-

tive, we will consider that heterogeneity is statistically significant

when the Cochrane Q-test P value is less than 0.1 (i.e. the alpha

level of significance for this test will be set at 10%). Following

recommendations in the Cochrane Handbook (Higgins 2011), we

will interpret I2 as follows: 0% to 40% might not be important,

30% to 60% may represent moderate heterogeneity, 50% to 90%

may represent substantial heterogeneity, 75% to 100% consider-

able heterogeneity. Where substantial heterogeneity is detected (I
2> 50%), we will investigate possible explanations for this infor-

mally and will summarise the data using a random-effects model,

as appropriate.

For non-randomised studies, we will collect the confounding fac-

tors (typically, the baseline characteristics of the treated popula-

tion) considered by the authors of the included articles, and we

will record whether these confounding factors were taken into ac-

count by the study design or analysis (e.g. inclusion of confound-

ing factors as covariates of regression or survival analyses).

Assessment of reporting biases

We will assess potential publication bias for the primary outcome

with the use of funnel plots if there are more than 10 included

studies, as recommended in Chapter 10 in theCochrane Handbook
for Systematic Reviews of Interventions (Sterne 2011).

Data synthesis

Where the population, intervention and outcome are sufficiently

similar to allow pooling of data in a meta-analysis, we will perform

meta-analysis following the guidance in the Cochrane Handbook
(Higgins 2011; Moher 2009).

We will apply meta-analysis calculations (Sutton 2000), to evaluate

the effect of the treatment of interest on the clinical outcomes

previously specified.

We will present results for both treatment efficacy and toxicity as

risk ratios (RRs) and their 95% CIs.

Due to expected clinical heterogeneity (e.g. disease burden, pre-

vious treatments, extent of cytoreduction or debulking), we will

use a random-effects model for creating the pooled estimates of

each outcome measure (in case of homogeneity, the random-ef-

fects model results coincide with those of a fixed-effect model)

(DerSimonian 1986).

We will perform statistical analyses using Cochrane’s review-writ-

ing software, Review Manager 5 (RevMan 2014).

If no RCTs are available, we will report findings descriptively (ac-

knowledging that it is generally considered inappropriate to meta-

analyse data from observational studies (Smith 1999)). In partic-

ular, in case of data from non-comparative studies, we will record

survival data as three-year, five-year and 10-year survival rates; as

regards adverse events, we will describe their rate during hospi-

talisation. We will group data by intervention type and type of

participant, as appropriate.
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GRADE assessment

We will assess the quality of the evidence using the GRADE sys-

tem (Guyatt 2011). Briefly, quality of evidence is graded into four

levels: high, moderate, low, and very-low quality. Evidence from

RCTs is generally considered high quality; however the quality can

be downgraded by one level (serious concern) or two levels (very

serious concern) for the following reasons: risk of bias, inconsis-

tency (unexplained heterogeneity, inconsistency of results), indi-

rectness (indirect population, intervention, control, outcomes),

and imprecision (wide confidence intervals, confidence intervals

crossing the null value: that is, the results are compatible with both

favourable and dangerous effects).

Evidence from non-randomised studies is generally graded as low

or very low quality, but it can be upgraded if the aggregated data

show large effects or a dose response relationship (Higgins 2011).

Overall, we will apply the following rules (as per Cochrane Hand-
book guidelines):

Randomised controlled trials; or double-upgraded observational

studies

High

Downgraded randomised controlled trials; or upgraded observa-

tional studies

Moderate

Double-downgraded randomised controlled trials; or observa-

tional studies

Low

Triple-downgraded randomised controlled trials; or downgraded

observational studies; or case series/case reports

Very low

Should meta-analysis be feasible, we will include a ’Summary of

findings’ table (including number needed to treat, calculated as 1/

absolute risk reduction) which will report on both primary and

secondary outcomes. The baseline risk will be the average event

rate in the non-treatment (placebo or observation) arms of the

included trials. Should meta-analysis be unfeasible, we will create

a narrative ’Summary of findings’ table.

Subgroup analysis and investigation of heterogeneity

We will use subgroup analysis and meta-regression to reveal poten-

tial sources of heterogeneity. Predefined subgroups will be defined

by geographical origin of the trial (ethnicity), origin of tumour,

line of treatment (first versus subsequent), sample size, tumour

grade, tumour burden (possibly using the peritoneal cancer in-

dex proposed by Sugarbaker 1999, as mentioned in Description

of the intervention), extent of cytoreduction, and chemotherapy

used during HIPEC. In order to assess the effect of sample size, we

will conduct meta-regression using sample size as the covariate of

interest. Moreover, we will analyse adjusted and unadjusted data

separately and compare them to each other in order to investigate

the potential role of confounders.

Sensitivity analysis

We will use sensitivity analyses (e.g. leave-one-out procedure,

which explores the extent to which the combined risk estimate

might be affected by individual studies, assessed by consecutively

omitting every study from the meta-analysis) to reveal potential

sources of heterogeneity. To this aim, low-quality studies, studies

only reporting unadjusted data, and studies with unclear defini-

tion of PMP will be excluded from analysis to investigate their

impact on the summary statistics. Should we find more than 10

eligible trials, we will also assess publication bias by means of a

funnel plot.
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A P P E N D I C E S

Appendix 1. Cochrane Central Register of Controlled Trials (CENTRAL), search strategy

The Cochrane Library, CENTRAL

#1 MeSH descriptor: [Pseudomyxoma Peritonei] explode all trees

#2 pseudomyx* periton*:ti,ab,kw

#3 (peritoneal adenomucinosis or DPAM or peritoneal mucinous carcinomatosis or PMCA):ti,ab,kw

#4 MeSH descriptor: [Cytoreduction Surgical Procedures] explode all trees

#5 cytoreduct* surg*:ti,ab,kw

#6 (intraperitoneal chemotherap* or heated intraperitoneal chemotherap* or hypertherm* intraperitoneal chemotherap* or HIPEC):

ti,ab,kw

#7 #1 or #2 or #3

#8 #4 or #5 or #6

#9 #7 and #8

Appendix 2. MEDLINE (Ovid) 1950 to present, search strategy

MEDLINE (Ovid) 1950 to present

1. Exp Pseudomyxoma peritonei /

2. pseudomyx* periton*.mp.

3. (peritoneal adenomucinosis or DPAM or peritoneal mucinous carcinomatosis or PMCA).mp.

4. 1 or 2 or 3

5. Exp Cytoreduction surgical procedures/

6. Cytoreduct* surg*.mp.

7. (intraperitoneal chemotherap* or heated intraperitoneal chemotherap* or hypertherm* intraperitoneal chemotherap* or HIPEC).mp.

8. 5 or 6 or 7

9. 4 and 8

Appendix 3. Embase (Ovid) 1974 to present, search strategy

Embase (Ovid) 1974 to present

1. Exp peritoneum pseudomyxoma/

2. Pseudomyx* periton*.mp.

3. (peritoneal adenomucinosis or DPAM or peritoneal mucinous carcinomatosis or PMCA).mp.

4. 1 or 2 or 3

5. Exp cytoreductive surgery/

6. Cytoreduct* surg*.mp.

7. (intraperitoneal chemotherap* or heated intraperitoneal chemotherap* or hypertherm* intraperitoneal chemotherap* or HIPEC).mp.

8. 5 or 6 or 7

9. 4 and 8
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