! Faculty of medicine,
University of Maribor,
Maribor, Slovenia

? Medicinska fakulteta,
Univerza v Ljubljani,
Ljubljana, Slovenija

® Division of surgery,
Institute of Oncology
Ljubljana, Ljubljana,
Slovenia

* Medical research
department, University

Medical Centre Maribor,
Maribor, Slovenia

Correspondence:

Pavel Skok, e: pavel.skok@

guest.arnes.si

Key words:
hyperthermic
intraperitoneal
chemotherapy;
cytoreductive surgery;
colorectal cancer;
peritoneal carcinosis;
metastases

Received: 28. 4. 2018
Accepted: 10. 2. 2019

REVIEW ARTICLE

Hyperthermicintraperitoneal chemotherapy

Kristijan Skok, Nina Skorn3ek,' Marko Ho&evar,”® Pavel Skok*

Abstract

In the past, patients with peritoneal metastases have been treated only with palliative thera-
py. Their state was deemed to be incurable. The median survival time was approximately two
months. The therapeutic approach started to change in the nineties. Some researchers were of
the opinion that peritoneal metastases were, in certain cases, only a locoregional disease and
consequently, the patient could not only be treated, but cured. One of the main supporters of
this theory and new treatment approach was Paul Sugarbaker. The proposed treatment consist-
ed of cytoreductive surgery in combination with intraperitoneal chemotherapy. The purpose of
the surgical procedure is macroscopic elimination of the tumour and removal of its microscopic
remains via intraperitoneal chemotherapy. The procedure in which we apply a heated chem-
otherapeutic agent is known as hyperthermic intraperitoneal chemotherapy. Heat on its own
has some direct anti-tumour effects. It causes protein denaturation, lysosomal activation and
increased apoptotic cell death. If the chemotherapeutic agent is heated, complex chemical reac-
tions take place, which promote its effectiveness and increase the depth of penetration. The best
results achieved by this method have been reported in colorectal carcinoma, appendiceal ma-
lignancies, ovarian carcinoma and peritoneal mesothelioma. In the paper, the authors present
this complex procedure, indications, criteria of patient selection and contemporary knowledge
on the effectiveness of this method of treatment for certain types of cancer.
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1 Introduction

Peritoneal carcinomatosis (PC) is in-
traperitoneal dissemination of a malig-
nant tumour (1). It can be due to a prima-
ry peritoneal malignoma (e.g. peritoneal
mesothelioma), dissemination of gastro-
intestinal cancers (appendiceal, colorec-
tal or gastric cancer), pseudomixoma
of the peritoneum and gynaecological
cancers (ovarian cancer) (2,3). In the
past, peritoneal metastases were deemed
to be the incurable and terminal stage
of cancer, and accordingly, patients re-

Hyperthermic intraperitoneal chemotherapy

ceived only palliative therapy (3). With
such an approach, the average survival of
patients was only two months (4). In the
1990’s, the therapeutic approach start-
ed to change considerably (5). Namely,
some researchers believed that in certain
cases peritoneal metastases are but a type
of locoregional diseases, and thus the pa-
tient has a fair chance of being cured (6).
One of the main proponents of this the-
ory and new treatment approach was
Paul Sugarbaker (7).
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Thus, cytoreductive surgery (CRS)
in combination with intraperitoneal
chemotherapy (IPCT) has become part
of cancer treatment. The purpose of CRS
is to eliminate the macroscopic tumour.
To this purpose, surgical peritonectomy
with visceral resection has come into use
for the removal or peritoneal metastases.
The next significant step in the treatment
of these diseases has been the locore-
gional chemotherapy, which is used dur-
ing surgery or in the early postoperative
period (4). The procedure in which a cy-
totoxic drug is heated and administered
during surgery is called hyperthermic
intraperitoneal chemotherapy (HIPEC).
Chemotherapy (CT) that is used in the
early postoperative period is called
EPIC. Both are intended to remove any
microscopic residual disease (8).

The special feature of the combined
treatment with CRS and HIPEC is in that
the whole therapy is performed during
or along with the surgery (8,9). The use-
fulness of this therapeutic approach is
based on the pathophysiological mecha-
nism of the disease and the hypothesised
tumour cell entrapment (8). According
to this hypothesis, at the time of surgery,
cancerous cells are still released from
severed lymph vessels or from venous
blood left after surgery. Furthermore, it
is known that cancer dissemination may
take form of low-density seeding and
results in a peritoneal metastasis or a
nodular implant at a distance from the
primary cancer site. Another form of
dissemination is high-density seeding
where several cancer cells are entrapped
on the surface of the resection site. This
creates a layer of cancerous tissue that
adapts to the adjoining anatomical struc-
tures (8). The basic eligibility criteria for
surgery are 1) the absence of systemic or
hepatic metastases (with the exception
of up to 3 well-delineated focal lesions),
and 2) exclusively locoregional progres-

sion of the disease in the peritoneum or
peritoneal surfaces (10).

A multidisciplinary approach is re-
quired in patients with peritoneal can-
cer. The best results obtained by such
treatment approach have been reported
in peritoneal pseudomixoma, colorec-
tal cancer (CRCA), appendiceal cancer,
ovarian cancer and in peritoneal meso-
thelioma (711,12). However, peritoneal
metastases may also occur in histologi-
cal subtypes of tumours that are typical-
ly not associated with metastatic spread
in the peritoneal cavity. Among these
are breast cancer, malignant melanoma,
neuroendocrine tumours (NET) and
sarcomas (13-15). Recently, several stud-
ies have been published that reported
the effective use of CRS in peritoneal
metastases of NET and sarcoma (16,17).
The use of IPCT in NET, gastrointestinal
stromal tumours (GIST) and sarcomas
did not prove to be effective as it failed
to result in a significant prolongation of
survival (4). Guidelines for using CRS
with or without IPCT in pancreatic can-
cer, primary hepatic cancer, breast can-
cer and malignant melanoma are not yet
available (4).

In their article, the authors present
some historical facts regarding HIPEC,
treatment procedures used in this chal-
lenging method, and current reports on
the encouraging results achieved in indi-
vidual cancer types.

2 History

In 1955, Weissberger was the first
to present the concept of IPCT for the
treatment of localised peritoneal tu-
mours (18). The concept was then adopt-
ed and spread in the US.A., and in the
1980’s new treatment modalities were
introduced for the treatment of patients
with peritoneal metastases. In 1979,
Dedrick developed an experimental
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Hyperthermic Intra-Peritoneal Chemotherapy (HIPEC)

Figure 1: Schematic presentation of HIPEC

Author: Corrado Bellini. The figure is from the web and marked as »reusable by changing.

model for IPCT pharmacokinetics, and
in 1988, Fujimoto described the use of
hyperthermia to enhance the potential
of antitumour agents. Combined use of
CRS and IPCT as an aggressive locore-
gional therapy was first reported by Dr
Paul Sugarbaker in the 1990’ (3). The
use of this approach indicated the pos-
sibility of a more effective treatment re-
sulting in a potentially longer survival.
Despite certain scepticism and contra-
dictory views, this approach proved to
be the only one that prolonged the aver-
age survival of selective patients for even
up to 46 months (4).

3 Hyperthermic
intraperitoneal
chemotherapy

CRS and HIPEC have not been found
effective as separate methods, but their
combination is currently considered the

Hyperthermic intraperitoneal chemotherapy

most effective treatment in patients with
peritoneal metastases from colorectal
cancer, peritoneal mesothelioma, ap-
pendiceal carcinoma and ovarian can-
cer (19,20). Figure 1 shows the use of
HIPEC.

In the first step, all the macroscopi-
cally visible tumour tissue is removed
by CRS, and afterwards HIPEC is used
in order to eliminate any minimal re-
sidual disease. The researchers have
found several factors that influence the
outcome and success of treatment, and
some of the key findings are summarised
in Table 1 (21,22). To achieve a long term
improvement and minimise the possibil-
ity of recurrence, it is crucial to remove
all the macroscopically visible tumour
masses, i.e. to achieve complete cytore-
duction. Depending on the extent of the
disease, various surgical approaches are
used, such as peritonectomy of the upper
left and right abdominal quadrants and
the pelvis, omentectomy, resection of the
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rectosigmoid segment of the colon, right
hemicolectomy, splenectomy and partial
gastrectomy (23).

HIPEC, the next step in the treatment,
is generally performed before bowel re-
construction and before abdominal cav-

Table 1: Risk variables and grading systems.

Variables

ity closure in order to prevent the risk of
tumour cell entrapment in the sutures
at the site of anastomoses. In this pro-
cedure, a cytostatic solution heated to
41-44°C (depending on the type of cy-
tostatic agent) is inserted into the peri-

Good general status.

Asub occlusive syndrome due to

Poor general status.

more than one stenosis of the GIT.

Age below 65-70 years.

Lack of extra-abdominal
metastases.

No occlusive disorders and no
bulky clinical or radiological
peritoneal metastases.

Peritoneal disease progressing
under systemic chemotherapy.

Presence of more than 3
resectable liver metastases.

The presence of extra peritoneal
metastases (except 3 liver
metastases easily resectable).

Huge and diffuse peritoneal
metastases.

Sugarbaker’s completeness of CRS

CC-0 No visible peritoneal carcinomatosis after CRS
CC1 Nodules persisting < 2.5 mm after CRS

CC-2 Nodules persisting between 2.5 mmand 2.5cm
CC-3 Nodules persisting>2.5cm

STATUS ECOG

0 Fully active, able to carry on all pre-disease performance without
restriction.

1 Restricted in physically strenuous activity but ambulatory and able
to carry out work of a light or sedentary nature, e.g., light house work,
office work.

2 Ambulatory and capable of all selfcare but unable to carry out any
work activities. Up and about more than 50 % of waking hours.

3 Capable of only limited selfcare, confined to bed or chair more than
50 % of waking hours.

4 Completely disabled. Cannot carry on any selfcare. Totally confined to
bed or chair.

5 Dead.

Summarized after (8,28,59).

Legend: GIT - gastrointestinal tract, SCT - systemic chemotherapy, CRS - cytoreductive surgery.
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toneal cavity via inlet catheters. Then,
using drainage catheters, the solution is
drained from the peritoneal cavity into
a hyperthermal pump, which maintains
the temperature of the solution and al-
lows its circulation. While the cytostatic’s
concentration in the peritoneal cavity is
7-fold higher than with (standard) intra-
peritoneal or intravenous application,
its tissue penetration is limited to only a
few millimetres. The choice of cytostat-
ic type, the dosage and the temperature
of the solution depend on the tumour
type. The most frequently used are dox-
orubicin, cisplatin, mitomycin C, mel-
phalan, oxaliplatin, ifosfamide and gem-
citabine (24) (Table 2). Hyperthermia
alone already has an antitumour effect
by causing protein degradation, lyso-
some activation and apoptosis. Heating
a cytostatic solution triggers complex

REVIEW ARTICLE

chemical reactions that further increase
the effectiveness and the depth of cyto-
static penetration into the tumour tis-
sue (25).

This procedure can be carried out us-
ing either closed or open HIPEC tech-
nique (Table 3). In the open technique,
the abdominal cavity is still open or
covered with a plastic foil, and therefore
there is a problem of cytostatic aerosoli-
zation. This problem is supposed to be
solved by using anti-evaporation barri-
ers and evaporators. In the closed tech-
nique, first the skin cover is sealed with
a waterproof seam, and then the perito-
neal cavity is perfused via the installed
catheters. After the perfusion proce-
dure is completed, the abdominal cavi-
ty is reopened, and only after the recon-
struction with anastomoses is done, the
abdominal cavity is closed permanent-

Table 2: Properties of a closed and open HIPEC approach.

Open approach Closed approach

Efficiency

Allows continued cytoreduction of
bowel and mesenteric surfaces.

No surgery possible during
chemotherapy.

Environmental
hazard

Distribution

Pressure

Pharmacology

Abdominalincision
and suture lines

Diaphragm
perforation with
peritonectomy

Intestinal
perforation

Hyperthermia

No aerosols detected.

Uniform distribution of heat and
chemotherapy solutions, tissues close
to skin edge notimmersed.

No increased intraabdominal pressure.

Allows pharmacokinetic monitoring of
tumor and normal tissue

Treated prior to performing the
suturing.

Pleural space treated by hyperthermic
chemotherapy may prevent seeding of
pleural space

Detected by observingimmersed bowel
loops.

Increased heat necessary to maintain
42°C.

Summarized after Sugarbaker and Van der Speeten (8).

Hyperthermic intraperitoneal chemotherapy

Perception of increased safety.

Possible poor distribution to dependent
sites and closed spaces.

Increased intraabdominal pressure may
increase chemotherapy penetration
into tissue.

Tissue uptake of chemotherapy cannot
be determined.

Risk of recurrence in abdominal incision
and suture lines.

Diaphragm closed prior to hyperthermic
intraperitoneal chemotherapy so
pleural space is not treated

Not detected.

Less heat required to maintain 42 °C.

online edition - 5



Zdrav Vestn | January - February 2019 | Volume 88

ONCOLOGY

uonN|os SisAjelp oioIgIue
wr 000‘C 0,5y S3A upAwos|g 9SOIXIP % §'L JW/3wigl 06 04 1T Jnowmunuy EYEE D uPAWoNN
SENCH 931e108] S J93uly GSe onoIgIue
[1929-9 D0 €Y S3A unedsH 10BN % 6°0 ,W/3uwige VN VN =GlL Jnowmunuy LIS SUOJJUBXOHN
WN 2l IVWIXYW ¥N 12BN %60 LW/3w o) 69 €e 95 103e1/x)y T50€ uejeydiapy
wwgo 2.5l S3A VN DEN% 60  ,W/3w oo VN VN ol J03e)Any STAVAS unejdogied
uopnios sisjelp dpolqpue
VN Dot ON VN 9SOIXP Y Gl ,W/3W 00T VN VN VN Jnowmunuy 61229 uedsjoul]
y 1SIuo3eiue
VN 2,59ty yeyul VN 128N % 6°0 /3w 000°L SL 04 S0¢ auIpiwibAg §'66¢ aulgeldweg
(skep ¢ x)
Repxz/,w a}ljogeraw (Man3)
VN % NIN VN 12BN % 6°0 /3w 005 VN VN SL -uy e SUIPLINXO|4
soljolqiue
A10e fsagny
pUE SIaUIBIUOD y onoIgiRue
VN 4% S3A Jhseld IS0IMOP %G /3w 0GE-GC VN VN S9 Jnowmunuy 85'885 apisodoi3
(uIgnIOXop
SEE] JI2eJnolony uoIN|os SisAjelp o)0IgRue jewosodi))
11929+ Do ¥ S3A ‘uliedaH 9S0IXaP % §'L LW/3W 00l VYN 08l 0r0'L Jnowmnpuy 66'6.9 T1IXod
SEE] J12eJnolony uoIN|os SisAjelp o)oIgRue
11929+ Do ¥ S3A ‘uiedaH 9S0IXaP % §'L JW/3wigl 08 0¢ 0€¢ Jnowmpuy 66'6.9 udignioxoq
sagn}
pUE SISUIBIUOD
VN VN ON Jnseld 12BN % 6°0 /3w G VN VN ¢SS dRoNwRuY 6198 [oxe1220(
wwe-| 2.G'ly S3A VN 12BN % 6°0 ,W/3W 06 06 0€ ol 103e1Ay)y L'00€ unejdsiy
auigeleifo]
‘wedazelqg
‘upe|dsid ULIXoPOD|
‘uigninep ‘uonnjossisAjelp
‘uppigniouneq 9S0ISXOP U G'L (skep G x) 3}j0geBW
wwzo % NIN ‘uignioxoq 10BN %60 ,W/8w 059 -nuy 80°0¢l |lPeInolonjy-g
uonenauad | Aiqers | eASisuAs uolynjos ul ySiam
Joyrdag JedH jedH | Amignedwodul uoIIN|os Jv1iIe) adAL Jejnaajop Snig

*J3dIH 40} pasn sjuale Adesayjowayd joisi :€ elaqgel

6 - online edition



c
.2
®
- I =
o = 8%
c o
o [ @ >
o |[pes A S
2y
= o
2 E
© ol
il < <
©
>
oo
= @
¢ & [
I »n > =
> S
&= Q o
b © c
2 o =z ©
-8 €5 g
=l S o C
W SO o=,
o © E"ES B2
‘il S23 859
Bl < S » o O3
c =
o
-,g 029
] b 858 ¢
o o S 00
a 5 5235 @
@ ) o 2SS
.9 S S Do
= o IS AN
© > LQ,QO\E
O L0 — T O ©
o~ oD —
E =
o
£ e
o & I
= S e
<<
=
<<
=
o
o
o
RS
=
-
2 2
© €
() —_
S = 2
|l < <<
b
L
]
9 ™ 0
=) = (90
[oN i}
= I52] o]
= _
® g
v B g
S © i~
j < ©
(] (@) o

Hyperthermic intraperitoneal chemotherapy

NA NA

NA

NA

1.5 % dextrose

500 mg/m?

260

90

70

Multitargeted

antifolate

47.4

Pemetrexed

dialysis solution

Summarized after Sugarbaker and Van der Speeten (8).
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ly (26). Laparoscopic HIPEC technique
for palliative indication (considerably
reduced ascites) is used mainly in pa-
tients with cancer that cannot be treated
surgically. The duration of HIPEC treat-
ment depends on the type of cytostatic
agent, and may range from 30 min (ox-
aliplatin) to 3hrs (pegylated liposomal
doxorubicin) (24). The choice of chemo-
therapeutic agent is crucial for treatment
success. The cytostatic agent should
neither cause local toxicity, and nor be
dependent on metabolism (conversion
into the active form). In addition, it must
have a direct cytotoxic effect and phar-
macokinetic advantages with i.p. admin-
istration (limited systemic toxicity and
good locoregional penetration). It is also
advantageous if the agent has a syner-
gistic effect with heat. The advantage of
this type of treatment is in its maximal
local and minimal systemic effects, but
the drawback is the technical complex-
ity of the procedure which is associated
with several risks. Figure 2 shows some
variables that should be taken into ac-
count before deciding to use the method
of treatment in question (8,27).

3.1 Variables

Recognised cancer centres with a
sufficient volume of patients with peri-
toneal carcinomatosis (PC) have pub-
lished 8 clinical and radiological factors
that are deemed to be associated with a
greater probability of a complete CRS:

« »Eastern Cooperative ~Oncology
Group« (ECOG) »performance sta-
tus» 1 or less;

« no evidence of spread outside the ab-
dominal cavity;

o up to three small, resectable paren-
chymal liver metastases;

« no evidence of bile duct obstruction;

« no evidence of ureteral obstruction;
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Prophylactic/Preventive
protocols

Treatment protocols

Other unusual
indications

BOLNIK

Without hyperthermia
(<41°C)

THE VARIABLES OF
HIPEC USAGE

Type of technique

Time
(30 vs 60 vs 180 min)

Hyperthermia

METHODOLOGY

<,
Cotsour3

Volume of
carrier solution

HIPEC vs EPIC
HIPEC + EPIC
only EPIC

With hyperthermia
(> 41-43 °C)
Extreme hyperthermia
(>43-45 °C)

Figure 2: Variables in the use of HIPEC
Summarized after Sugarbaker and Van der Speeten (8).
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 no evidence of gastrointestinal (GIT)
obstruction at more than one site;

« patency of the small bowel;

« no macroscopic evidence of disease
in the mesentery with several ob-
structions;

« small volume disease in the gastrohe-
patic ligament (28).

Some factors are absolute while oth-
ers are relative contraindications (Table
1) (28). The patient inclusion criteria
vary slightly with regard to the type of
cancer, while using the same quantitative
predictive criteria for all patients with
peritoneal metastases. These include his-
topathological findings, peritoneal can-
cer index — PCI (Figure 3), completeness
of cytoreduction score (Table 1), diag-
nostic imaging (CT), and classification
with peritoneal cytology (1,29,30).

Gemcitabine

Chemotherapeutics

Doxorubicin
Oxaliplatin

Carboplatin

Cittomyen S

PHARMACOLOGICAL

VARIABLES

Art of administration
(IP vs P +1V.) @

IP usage of adrenaline

Type of IP irrigation
(distilled water ...)

Type of carrier selution
(saline solution,
1.5% dextrose,
5% dextrose,
Ringer's lactate ...)

LEGEND:
CRCA - colorectal cancer,

GC - Gastric cancer,
OC - ovarian cancer,

AC - appendix cancer,

PM - peritoneal mesothelioma,
IP - intraperitoneal,
5-FU - 5-flucrouracil,
Lv. = intravenous.

3.1.1 Peritoneal cancer index
Peritoneal cancer index (PCI) is a nu-
merical value that serves as an estimate
of the spread of disease in the abdominal
and pelvic regions. To calculate the PCI
score, it is necessary to evaluate the size
of the change (0-3) in the abdominal and
pelvic regions (indicated from o to 12).
The calculation is made at the beginning
of surgery. The higher the PCI score, the
less effective will be the CRS and HIPEC
treatment and thus less probable long-
term survival. Therefore, there are rec-
ommended PCI scores up to which it
is still reasonable to perform this ther-
apeutic procedure (in pseudomixoma
there is no upper limit, while in colorec-
tal cancer the score should be ~ 15) (30).
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Regions

Central

Right hypochondriac
Epigastric

Left hypochondriac
Left lumbar

Left inguinal
Suprapubic

Right inguinal

Right lumbar

o~NOOUhWNEO

PCI

Figure 3: Peritoneal cancerindeks (PCI

9 Upperjejunum
10 Lower jejunum
11 Upperileum
12 Lowerileum

Lesion size score

LSO No tumor seen

LS1 Tumorupto 0.5cm

LS2 Tumorupto5cm

LS3 Tumor>5cmor
confluence

Lesion size

LT

=

Summarized after Cotte et al. (59).

3.1.2 The completeness of
cytoreductive surgery

One of the key factors is a complete
tumour removal at the time of CRS in-
tervention. The PCI score significantly
influences the outcome of treatment.
Table 1 shows individual scores. A score
of CC-o0 or CC-1 is generally required
in order to achieve a better treatment
outcome and a better quality of life with
fewer complications (30).

3.1.3 TNM classification,
peritoneal cytology, and clinical
features of primary cancer

A careful examination of the perito-
neal surfaces at the primary GIT can-
cer resection, along with timely and
high-quality histopathological analy-
sis of the resected tissue may accurate-
ly predict the occurrence of peritoneal
metastases after surgery. However, in
advanced GIT cancers, peritoneal cy-
tology also provides relevant predictive
data (31,32). By accurately evaluating this
information, the physician may decide to
carry out proactive treatment with CRS
and HIPEC. It has been demonstrated
that in high-risk patients this way may
prevent the onset of peritoneal metas-

Hyperthermic intraperitoneal chemotherapy
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tases, and patients with already present
metastases are treated by second-look
approach (30,32).

3.1.4 Pretreatment diagnostic
imaging

In selecting patients suitable for CRS
and HIPEC, a CT scan of the chest, ab-
domen and pelvis is essential. The aim
of diagnostic imaging is to evaluate the
extent of the disease and to check for
possible presence of metastases on the
pleural surfaces. The site and amount of
mucinous carcinoma in the peritoneal
cavity can be determined accurately. On
the contrary, non-mucinous peritoneal
metastases are poorly recognisable on a
CT scan, and are therefore often under-
diagnosed. If the small intestine and its
mesenterial part are covered by tumour
or the tumour is situated behind the
xiphoid bone, the possibility of CRS suc-
cess is low. In this situation, CT should be
performed with a maximum dose of the
contrast medium applied intravenously
or per os, to detect possible small-bowel
involvement either in individual sites or
diffuse (31-33).

3.1.5 Learning curve

CRS with HIPEC is a complex pro-
cedure. It is interesting to note that, ac-
cording to the study of Smeeka et al, a
surgical oncologist has achieved an ap-
propriate level of competence after 130
performed procedures. The key com-
petence of training is the acquisition of
surgical skills. However, patient-orient-
ed therapeutic approaches and the entire
team’s experience in managing compli-
cations also contribute to a lower mor-
tality rate (34).
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4 Malignant ascites

Malignant ascites is the accumula-
tion of fluid in the peritoneal cavity due
to advanced forms of cancer. It occurs
as a result of lymph ducts’ blockage by
tumour cells, increased permeability of
blood vessels, hormonal causes and in-
creased metalloproteinases activity. It is
often associated with advanced stages
of gynaecological, gastrointestinal and
breast cancers. Predominant among the
gynaecological cancers is ovarian can-
cer, while in the gastrointestinal tract the
most prevalent are colorectal, pancreat-
ic and gastric cancers. A retrospective
study of the causes of malignant ascites
has shown that it occurs most likely in
ovarian cancer (37.7%). Approximately
10% of all ascites are malignant, and
20 % of patients with malignant ascites
have tumours of unknown origin (35).
Malignant ascites is a poor prognostic
factor.

4.1 Treatment

Ascites is treated primarily by prima-
ry tumour treatment, diuretics, paracen-
tesis, biological agents and HIPEC, the
latter being currently the most promising
treatment modality. The type of cytostat-
ic used in HIPEC depends on the prima-
ry tumour that caused malignant ascites.
In ovarian cancer, the most appropriate
agent is cisplatin (50 mg/ m*) or doxo-
rubicin (15 mg/m®), in colorectal or gas-
tric cancer it is mitomycin C (12.5 mg/
m?), while in patients with other tumour
types doxorubicin (12.5 mg/m®) is used.
The study by Valle et al., which included
52 patients with malignant ascites, a total
disappearance of ascites was reported in
94 %, and the average survival of patients
was 98 days (range 21-796 days) (36).

5 Appendiceal cancer

In terms of its pathohistological fea-
tures, appendiceal cancer can be clas-
sified as neuroendocrine or epithelial
tumours. The cancer of epithelial origin
can further be classified into individual
subgroups: mucous hyperplasias, reten-
tion cysts, mucinous cystadenomas and
adenocarcinomas (mucinous, intestinal,
signet-ring cell). Mucinous neoplasms
of the appendix are a heterogeneous
group of tumours, classified with respect
to their grade of malignancy into low-
and high-grade histological subtypes.
Conditions associated with appendiceal
cancer dissemination can be divided
into three groups: Disseminated perito-
neal adenomucinosis (DPAM), perito-
neal mucinous carcinomatosis (PMCA)
and well differentiated PMCA (4,37).
Another type of (appendiceal) can-
cer is goblet-cell carcinoma, which is a
combination of adenocarcinoma and
carcinoid. A special form is peritoneal
pseudomyxoma (PMP), which origi-
nates from mucinous adenoma (37). It
is characterised by a disperse accumu-
lation of gelatinous material in the ab-
dominal cavity and pelvis,and mucinous
ingrowths on the peritoneal surface. As
PMP grows, mucus begins to accumu-
late, leading to a burst and dissemination
of the disease. Mucus starts to accumu-
late in the peritoneal cavity, leading to
a characteristic “jelly belly” appearance
and GIT obstruction. Due to incorrect
denomination and simplification, in re-
cent years the term has also been used
for peritoneal dissemination of muci-
nous adenocarcinomas of the appendix,
large and small intestine, lung, breast,
pancreas, stomach, gallbladder, fallopian
tubes and the ovaries. The nature of their
dissemination renders PMP and adeno-
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carcinoma most suitable for treatment
with HIPEC (4).

The pathohistological findings of me-
tastases from the primary tumour large-
ly influence the outcome of CRS and
HIPEC treatment. Metastases containing
more than 9o % of mucous,squamous ep-
ithelial cells, without atypia and mitoses,
were predictive of a favourable outcome
despite a high PCI score. Metastases with
a high cell atypia, numerous mitoses and
less than 50 % of mucous epithelial cells
were associated with poor outcome (1).
Patients with adenomucinosis have the
best prognosis; the survival of patients
with mucinous carcinoma is comparable
to the survival of patients with perito-
neal metastases from colorectal cancer.
Although colorectal cancer and cancer
of the appendix are similar, there are still
significant differences between the two.
The most relevant difference is in the di-
ameter of the lumen of the affected or-
gan. Colorectal cancer (CRCA) grows in
the lumen and spreads outward through
the wall, in its advanced stages spread-
ing all the way to serosis. Because of the
appedix’s small lumen, cancer invades
the wall sooner and spreads tumour cells
further into the abdominal cavity and
the pelvic area (1,34).

5.1 Treatment

The pioneer of such treatment ap-
proach was Sugarbaker who in 1987 re-
ported on the first use of IPC after CRS
in patients with PMP (4). In 2001, he
reported on a 10-year follow up of 108
patients treated with CRS and HIPEC
with mitomycin. The chemotherapeutic
schedule included s5-fluorouracil (5-FU)
from postoperative Days 1 to 6, followed
by three cycles of adjuvant therapy with
mitomycin (i.v.) and IPCT with 5-FU.
The group of patients under study was
very heterogeneous. In their study, the
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histology was of outstanding importance
for patients survival, since the patients
with DPAM had significantly better sur-
vival than patients in other groups, who
had mucinous and intermediary can-
cers (38).

A systematic review of patients with
histologically verified DPAM who un-
derwent CRS and HIPEC showed 70-
86 % five-year survival and 60-68 %
ten-year survival (39). In a multicen-
tric study, the authors reported on 81 %
5-year and 70 % 10-year survival for pa-
tients with DPAM, 95 % 5-year and 49 %
10-year for patients with PMCA, and
78 % 5-year and 63 % 10-year survival for
those with mixed type cancer. The aver-
age survival was 16.3 years. It has been
proven that complete cytoreduction is
the most important factor associated
with longer survival (40). With CRS, a
routine lymphadenectomy is not recom-
mended (4).

6 Colorectal cancer

Colorectal cancer (CRC) is the third
most common cancer in men worldwide
(746,000 cases per year) and the sec-
ond most common in women (614,000
cases per year). In 2012, there were al-
most 1.4 million new patients detected.
The predicted incidence in 2035 will be
2.4 million patients. Incidence rates are
higher in the developed (737000 cas-
es) than in less developed countries
(624,000 cases), while mortality is high-
er in less developed countries (42,43).

The intestinal mucous membrane is
covered with the glandular epithelium,
and therefore the most common cancer
in this region is adenocarcinoma (90—
95%). At the time of diagnosis, more
than 60 % of patients present with local-
ly or regionally advanced disease, while
15 % of patients already have distant me-
tastases. CRC spreads by lymphogenous
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and haematogenous dissemination,
most frequently into the liver, lung and
bones (43).

Following the liver, the peritoneum
is the second most frequent metastat-
ic site of CRC. Studies published in the
past claim that the peritoneum is the
only metastatic site in up to 25 % of cas-
es. Recent studies report 10 %, whereas
there are up to 20 % of patients who have
metastases in the peritoneum as well
as in some other organ (44). Advanced
stage of the disease is associated with
poor prognosis of the outcome. The av-
erage survival without treatment is up to
9 months (44). Unfortunately, in stage I'V,
the disease advances in 50 % of patients,
despite Ro resection (1). In 10-35% of
these patients the disease recurs in the
peritoneum. With modern SCTs, which
comprise oxaliplatin and irinotecan with
the addition of 5-FU and targeted drugs,
such as bevacizumab and cetuximab, the
average survival of patients with stage IV
of the disease may be extended for more
than 15 months (42). The quality of life is
often worsened by accompanying ascites
and frequent bowel obstruction. At the
time of diagnosis, for three quarters of
patients with PC (due to CRC) the only
option is palliative systemic chemother-
apy. The remaining quarter of patients
without distant metastases and tumour
limited to the peritoneum are eligible for
treatment with CRS in combination with
HIPEC (31).

6.1 Treatment

In the treatment of CRC surgery
plays the central role. Adjuvant therapy,
however, differs in both types. The stand-
ard treatment of locally or regionally
advanced CRC is radiotherapy or radi-
ochemotherapy with 5-FU in a continu-
ous infusion, or with capecitabine prior
to surgery. With modern combinations

of oxaliplatin and irinotecan with the
addition of 5-FU and target substances,
such as bevacizumab and cetuximab, the
average survival of patients with stage
IV of the disease is currently from 7 to
more than 24 months (1). In the case that
metastases are limited to the peritoneum
and provided that the aforementioned
conditions are met, treatment with CRS
and HIPEC is feasible.

A relative contraindication for CRS
and HIPEC is poorly differentiated pri-
mary tumour. With inclusion of patients
with well and moderately differentiated
tumours, the survival is significantly bet-
ter. Currently, two HIPEC protocols are
used in the treatment of these patients.
By the first protocol, the treatment is
carried out with mitomycin C, heated to
41°C, for 60-90 minutes, using closed
technique. By the second protocol, ox-
saliplatin is administered (460 mg/m*
of oxaliplatin in 2L/ m* of 5% isoos-
motic dextrose) for 30 minutes (pre-
cisely, 30 min. from the moment when
the minimum temperature of 42°C is
reached in the abdominal cavity, plus
5-8 min. before the infusion is heated
from 38°C to 42°C, i.e. to 43 °C (range
42-44°C), using open technique (11).
Two-way systemic and intraperitoneal
chemotherapy during surgery, combin-
ing intraperitoneal oxsaliplatin and i.v.
infusion of 5-FU (400 mg/m®) with leu-
covorin (20 mg/m®), is primarily used
for PC from CRC. Mitomycin has an ad-
vantage due to its high molecular weight,
good tissue perfusion (up to 5 mm) and
a favourable pharmacokinetic profile
that allows increased intraperitoneal
concentration without causing severe
side effects. According to literature re-
ports, the efficacy of both cytostatics in
the aforementioned regimen is compa-
rable. Nevertheless, some researchers are
in favour of oxaliplatin because it does
not cause neutropenia and has a short-
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er perfusion time (30 min vs. 9o min) as
compared to mitomycin-C (11,28).

A randomised study of 105 patients
compared two groups of patients who
had either CRS+HIPEC+SCT or
only SCT performed. Despite the in-
clusion problems, the study reported a
22-month average survival rate for the
first group and 13 months for the second
group (45). After 8 years, the survival
rate was the same (46). In another study,
Association Francaise de Chirurgie re-
ported on a 30% s5-year survival rate,
which was among the lowest reported
in the literature (47). The centres that
frequently practice such approaches re-
ported on around 40 % 5-year survival
rate. Glehen et al. published their results
of using HIPEC and EPIC approach in
patients with this disease. Their study in-
cluded 506 patients from 28 institutions;
HIPEC (54 %), EPIC (24 %) and combi-
nation (22 %). Patients with CCRo (com-
plete resection) survived 1, 3 and 5 years
in 87 %, 47 % and 31 % respectively; their
average survival was 32.4 months. The
overall survival rate (OS) was 72 %, 39 %
and 19 % for 1-, 3- and 5-year intervals,
respectively. The median overall surviv-
al was 19.2 months (48). In their study,
Elias et al. compared HIPEC and EPIC
approaches. The study included 523 pa-
tients, but possible differences in their
survival unfortunately were not report-
ed (47).

Some studies report high mortality
and morbidity rates associated with CRS
and HIPEC in CRC (7,28,49). In 2014,
Sugarbaker presented surgery results in
patients with metastases from CRC, in
whom the mortality rate was 0.6 % and
the occurrence of IV degree side effects
was 12 %. He concluded that, for selected
patients, the combined CRS and HIPEC
treatment was the best therapeutic op-
tion (7). He also believed that currently
there is no evidence to suggest that pa-
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tients with CRC limited to the peritoneal
surface should be treated exclusively by
SCT (7). Further to this conclusion, it
should be pointed out that in the same
year, Sugarbaker emphasised in anoth-
er article that advances in the develop-
ment of systemic drugs resulted in the
improvement of patients condition,
and taking into account the progress in
CT (oxaliplatin, irinotecan, biological
drugs), CRS and HIPEC need not be
necessary the best therapeutic choice,
but nevertheless, these methods still
have their place in the treatment of se-
lected patients (31). He underlined that
in any case the patient should be offered
a multidisciplinary approach with a
range of different treatment options.

7 Gastric cancer

The outcome of gastric cancer with
peritoneal metastases is among the
worst ones, with the average survival
ranging between 3 to 7 months and a o0 %
five-year survival rate (50). Although ad-
juvant CT, neoadjuvant CT and adjuvant
CRT have proven to be useful and pro-
vided minimal improvement in patients’
survival, none of these treatment mo-
dalities have significantly contributed
to reducing the number of recurrences.
Patients with gastric cancer (GC) and
peritoneal metastases have significantly
worse response to chemotherapy. The
average survival of patients with SC and
PC after treatment is 9.5-12 months.
Due to the complexity of treatment and
unsatisfactory CT results, interest in
HIPEC with CRS has increased (50).

In the past, some disapproved of the
procedure due to a high mortality and
morbidity rate. According to the available
data, the mortality rate for patients with
GC is probably around 3.6-6.5% (18).
Compared to ovarian cancer, mortali-
ty is slightly higher due to gastrectomy,
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because less visceral resections on aver-
age are done in ovarian cancer. The main
postoperative complications include
neutropenia, GIT fistulae, pneumonia,
haemorrhage, abdominal abscess, sepsis,
wound infection and kidney failure (18).

There are three potential possibilities
of HIPEC use in the treatment of GC:
1) prophylactic - to prevent recurrence
after curative gastrectomy in high-risk
patients; 2) therapeutic - in patients
with PC after CRS, and 3) palliative - in
patients with poorly controlled ascites
due to severe PC spread that is not suit-
able for CRS (18). In a prospective study
with more than 1,000 patients with ade-
nocarcinoma of the stomach, who later
developed metachronous PC, the aver-
age survival despite the primary Ro D2
resection was only 3 months. Although
a standard systemic therapy in patients
with GC and PC extended this period
to 7-10 months, GC’s response to SCT
is poor (4). In another study, in selected
patients, this period was prolonged us-
ing CRS and HIPEC method to an av-
erage of 9.2months, and the five-year
survival rate was 13 % (51). In a prospec-
tive randomised study, systemic chemo-
therapy was compared with CRS and
HIPEC. The systemic chemotherapy was
performed according to FOLIFOXIRI
schedule (irinotecan, leucovorin, ox-
aliplatin and 5-FU), the application reg-
imen being irinotecan 165mg/m* for
90 min, followed by leucovorin 200 mg/
m” and oxaliplatin 85 mg/m” for 2 hrs on
Day 1, together with a continuous in-
fusion of 5-FU 3,200 mg/m”* for 48 hrs.
After gastrectomy and the removal of
liver and lung metastases, the second
group of patients underwent CRS and
HIPEC (oxaliplatin 460 mg/m* at 41°C
for 30 min). After 8 months, the second
group also started receiving CT accord-
ing to FOLFOXIRI schedule. Patients in
the first group had an average survival

of 4.3 months, while those in the second
group survived 11.3 months (52).

It is interesting to note that they also
described the strategy of neoadjuvant IP
and SCT (NIPS), CRS and HIPEC, and
IP CT (EPIC) after surgery. The basic
idea was to reduce the tumour burden
preoperatively and at the same time use
NIPS as a form of chemotherapy that
exerts therapeutic effects on peritoneal
disease and subperitoneally in the vas-
cular system, in patients with positive
peritoneal cytology. This treatment is
followed by CRS and HIPEC. The dos-
age regimen of NIPS was 60 mg/m” per
os S-1 for 21 days followed by one week
pause. On Days 1, 8 and 15 they receive
taxoter 30 mg/m* and CIS 30 mg/m”* in
soo mL of normal saline (53).

8 Ovarian cancer

Ovarian cancer is one of the leading
causes of death in women with malignant
disease. The incidence rate in Slovenia
for 2011 is 14.8 per 100.000 population.
Ovarian cancer (OC) represents the sev-
enth most frequent cancer in women.
According to the data for 2012, 239 wom-
en are diagnosed with OC annually, most
of them at an age between 55 and 65 years.
The most frequent OC type is malignant
epithelial tumour of serous adenocarci-
noma subtype (40-45 %), followed by en-
dometroid subtype. Generally it is diag-
nosedin FIGO IITand IV stage,when there
are peritoneal metastases already present
in 75 % of cases. The standard treatment is
CRS and a systemic chemotherapy, which,
however, cannot prevent recurrence of the
disease in 75 % of patients (54). Recurrent
ovarian cancer is the term that applies to a
recurrence of the disease after completed
therapy; platinum-resistant OC appears
within 6 months, while the recurrence of
platinum-sensitive type takes longer than
6 months.
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8.1 Treatment

In these patients, CRS and HIPEC
proved to be an effective treatment
method. The optimum regimen of treat-
ment has not yet been defined. Cisplatin,
oxaliplatin, mitomycin and doxorubicin
were used in various studies. In one of
the studies, the protocol with cispla-
tin 7o mg/m* and 1-hour duration of
HIPEC at 42 °C was confirmed as most
appropriate (28). Recently, the first ran-
domised study that investigated HIPEC
for the treatment of ovarian cancer was
published. The clinical study included
120 patients with recurrent disease, who
were initially treated by CRS and sys-
temic chemotherapy. Those patients who
were treated with HIPEC in addition to
CRS and systemic chemotherapy had a
significantly better median survival than
others (26.7months vs. 13.4 months,
p < 0.006). The survival was better in pa-
tients with platinum-sensitive as well as
in those with platinum-resistant ovarian
cancer (55).

9 Mesothelioma

The term mesothelioma covers a
group of malignant tumours that arise
from serous membranes (pleura, perito-
neum, pericardium, tunica vaginalis tes-
tis). Diffuse malignant peritoneal meso-
thelioma (DMPM) is a locally aggressive
primary malignant tumour of the serous
peritoneal surface. It represents 7-10 %
of all diagnosed mesotheliomas.

9.1 Treatment

Patients, treated by palliative surgery
either with or without chemotherapy
survived on average one year. Advances
in the area of treatment have led to the
combination of CRS and HIPEC, which
is currently considered to be the most
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appropriate therapy. In a study com-
paring cisplatin and carboplatin for the
implementation of HIPEC, a longer av-
erage survival was observed in patients
treated with carboplatin (56). In the
study that included 240 patients with
DMPM treated with a combination of
CRS and HIPEC, the median surviv-
al was 53 months, while 3-year survival
rate was 60 % and 5-year survival rate
47 % (57).

Deraco proposed a new system of
staging for patients with DMPM, based
exclusively on the determination of PCI:
Stage I (up to 10), stage II (11-20), stage
IIT (21-30) and stage IV (>30). Patients
with stage III or IV are not eligible for
CRS with HIPEC. Five-year survival for
stages I, IT and III is 87 %, 53 % and 29 %,
respectively (58).

10 Conclusion

The combination of CRS and HIPEC
is one of the most effective options for
the treatment of peritoneal metastases
originating from different tumours. In
the article we presented individual ap-
proaches to certain types of cancer. The
most important prognostic factors for
the success of this treatment approach
are cancer type, stage of the disease, and
the possibility of complete cytoreduc-
tion. Since this is a high-risk procedure,
the appropriate selection of patients is
also of key importance. It is recommend-
ed that this type of treatment be carried
out in centres with properly trained and
experienced staff.

Several research studies are needed
in this area of oncology, before recom-
mendations for the treatment of indi-
vidual tumour types, the choice of the
most effective drugs and the regimen of
its application in HIPEC would be final-
ly adopted. But even at present time, it
can already be concluded that in several
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multinational studies, CRS and HIPEC operative mortality is comparable with
treatment has been shown to increase mortality rates in other major surgical
the survival of selected patients, while procedures in the abdominal cavity.
their perioperative or immediate post-
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