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Hyperthermic intraperitoneal chemotherapy (HIPEC). Mechanisms of action and the role of HIPEC in the
treatment of peritoneal carcinomatosis.

Peritoneal carcinomatosis represents the advanced,\final stage of peritoneal- malignancy, although it is often not accom-
panied by systemic neoplasia. The development of the pharmaceutical industry in combination with advanced surgery
techniques has helped to improve the outcomesof these patientss, considered for a long time without radical resources.
Tumoral cytoreduction followed by hypertermic intraperitoneal chemotherapy (HIPEC) is the treatment of choice for these
patients, of course, this beeing dome in a multimoddl treatment, carefully chosen, following a multidisciplinary consen-
sus. In this article we reviewed. the main’ aspects of HIPEC procedure, describing the main chemotherapeutic agents used,
highlighting the role that they, playwin this oncolegical wréatment. Finally, we have pinpointed the main research lines
in this field, which although have a well-established. role in recent guidelines, have a great potential for development,
with a maximum impact on the prognosisiof patients with peritoneal metastases.
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Introduction them automatically into a final stage 2. The development
of new methods for treating cancer in general and espe-
Cancer treatment represénts a challenge for contempo- cially for advanced cancer represents a goal for both clin-
rary medicine dde tol the'growing rate of this disease!. icians and researchers.
The occurance ofyperitoneal carcinomatosis causes the One of the relatively new techniques and particularly
infaust evolution of“abdomino-pelvine cancers, placing controversial is cytoreductive surgery combined with
hyperthermic intraperitoneal chemotherapy (HIPEC).
HIPEC, associated with cytoreductive surgery, resulted
in improved survival rate due to an enhanced action of
cytotoxic agents on the microscopic residual peritoneal
deposits.
Pervenuto in Redazione Agosto 2018. Accettato per la pubblicazione Cytoreductive surgery and HIPEC are used both for the

Settembre 2018 treatment of primary and secondary peritoneal tumors 4.
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ABBREVIATION

ATP Adenosine triphosphate

BMI Body Mass Index

CRS Cytoreductive Surgery

CC Cytoreduction score

DNA Deoxyribonucleic acid

HIPEC  Hyperthermic Intraperitoneal
Chemotherapy

ICG Indocyanin Green

MPM Malignant Peritoneal Mezotelioma

MMC Mitomycin C

NIRF Near infrared field

PCI Peritoneal Cancer Index Score

PSDSS  DPeritoneal Surface Disease Severity Score

PIPAC  Pressurized intraperitoneal aerosol
chemotherapy

RNA Ribonucleic acid

TNM Tumor-lymph nodes-metastasis staging
system

SFU 5 Fluorouracil

oping *>. Thus, the study of cytotoxic agents usedqfor
intraperitoneal chemotherapy and the developmént of
new compounds with antitumoral properties represent an
issue highly debated in the field of modern onecelogy.
Through this article, we aim to review the chemother-
apeutic agents used for the HIPEC procedure, high-
lighting its mechanism of action and its, petential for
development.

Definitions
CYTOREDUCTIVE SURGERY.AND .CC SCORE.

Tumoral cytoréductions(CRS) represents the surgical
removement of macroscopic tumoral,tissue> The quantifi-
cation of the success rate of cytoreduction is done at the
end of surgery by setting the eompleteness of cytoreducion
score (CC)’. Thus, we are talking about the CC-0 score
in situations where therefaresno visible (macroscopic)
tumoral deposits after) cytoreduction. The CC-1 score is
established when, nodules " with dimensions <2.5 mm
remain in the peritoneal cavity, still considered HIPEC
reactive nodules. The  CC-2 score indicates the presence
of overlapping tumor nodules between 2.5 mm and 2.5
cm. The CC-3 score is established in cases with remnant
tumoral deposits larger than 2.5 cm or when there is an
unresectable tumor confluence in the abdomen and pelvis.
In the case of colorectal cancer with peritoneal carcino-
matosis, complete CRS (CC-0), obtained with the cost of
multiorgan resections and extended peritonectomy, is the
only one able to provide optimal results, the CC score
being the main prognostic factor 81°.
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PErRITONEAL CANCER INDEX Score (PCI)

The peritoneal carcinomatosis index (PCI) is a quantifi-
cation score for the extent of peritoneal neoplastic lesions,
first described by Sugarbaker 7. The abdomen is divid-
ed into 13 regions (central, right hypochondrium, epi-
gastrum, left hypochondrium, left flank, right flank, right
iliac fossa, pelvis, left iliac fossa, proximal jejunum, dis-
tal jejunum, proximal ileum, distal ileon). Those 13
regions receive 0 points in the absence of neoplasia, 1
point for the presence of tumor nodules> 0.5 cm, 2
points for tumors with a size between 0.5-5 ¢cm and 3
points for formations> 5 ¢ém. Thus, PCI can reach val-
ues between 0 and 39,this score being designed to pre-
dict the likelihood eficomplete cytoreduction '8

PERITONEAL SURFACE, DISEASE SEVERITY ScOre (PSDSS)

PSDSS! was intfoduced as, a ‘patient selection tool to
improve, the results obtained by applying PCI only. The
sttatification”of patients using this method is based on the
severity of the peritoncal, disease and uses 3 parameters:
the ) peritoneal carcinomatosis index (PCI), the patient’s
symptoms due, to the peritoneal metastasis and the histo-
logical origin of ‘the primary tumor. The impact of these
parameters on the patient is classified into 4 degrees of
severity (I-IV)=as follows: grade I, PSDSS <4; grade II,
PSDSS#4=75wgrade III, PSDSS 8-10; grade IV, PSDSS>
10.) There are studies that compared the outcomes of
patients according to their PSDSS score and the used cito-
toxic agent. So, in the case of using cisplatin and pacli-
taxel the group of patients characterized by a PSDSS score
grade III/IV presented significantly shorter survival rate
(57 months for cisplatin group) than those with PSDSS
score grade I/II (113 months for cisplatin group).
Regarding the use of cisplatin associated with doxorubicin
there was no significantly difference between the two
groups. (P value 0,19) .

HyYPERTHERMIC INTRAPERITONEAL CHEMOTHERAPY (HIPEC)

Intraperitoneal chemotherapy consists of lavaging the
peritoneal cavity with cytotoxic substances. The great
advantage of intraperitoneal administration of chemother-
apeutic agents is low systemic toxicity that makes pro-
longed exposure and higher doses of intra-abdominal
tumors to antineoplastic agents possible. Basically, the
purpose of intraperitoneal chemotherapy is to obtain high
concentrations of chemotherapeutic agents, especially in
areas with peritoneal carcinomatosis, to eradicate the
eventually microscopic deposits remnant after cytoreduc-
tion is performed.

HIPEC involves intraperitoneal administration of cyto-
toxic agents at a temperature above 41 °C. It has been
shown that at above 41 °C, they have selective cytotox-
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icity on tumor cells, acting by protein denaturation, inhi-
bition of oxidative metabolism, increasing the pH, acti-
vation of lysosomes and activation of cellular apoptosis
2022, Moreover, temperatures above 41 °C increase the
cytotoxic effect of cytotoxic agents as well as increase
absorption and penetration into the tumoral tissue 20-22,
Hyperthermia has proven benefits in the treatment of
primary or secondary tumors of the peritoneum by direct
cytotoxic effect and by potentiating the action of admin-
istered chemotherapy. Mechanisms that help to achieve
the direct cytotoxic effect of temperature on malignant
cells are represented by damaging the DNA repairmen
process, inhibition of aerobic metabolism and protein
denaturation in the tumor cell. These phenomena lead
to acidosis in the cellular environment, which causes lyso-
some activation and ultimately cellular apoptosis. Besides
the direct cytotoxic effect, which in some cases can be
reduced due to the increased expression of “heat-shock
proteins”, the application of hyperthermia potentiates
cytotoxic action, which is possible due to damaging ATP
transporters which leads to an increased accumulation of
chemotherapeutic agents in the malignant cells. At the
same time, hyperthermia conditions interfere with the
metabolic pathways of the used drug and, last but not
least, with the repairment process of the damaged DNA.
Also, the increased intraperitoneal administration of
chemotherapeutic agents leads to an increasedspenctta-
tion of these in the malignant tissue and affected,lymph
nodes 2.

The role of hyperthermia has been highlighted in stud-

ies that indicate the superiority of HIPEC vs. early post-
operative  intraperitoneal chemotherapy (EPIC) or
sequential postoperative intraperitoneal chemotherapy
(SPIC), which are both normothermic lavage methods
2324 The benefits of HIPEC have been translated
through greater survival rate due to lower recurrence risk
and a lower rate of postoperative complication 2>24. Thus,
the recommended temperature of the peritoneal lavage
solution is between 41-43 °C, the exposure period being
between 30 minutes (for Oxaliplatin) and 60-120 min-
utes (for MMC) 212225 Achieving optimal temperature
and maintaining it is conditioned by the presence of
increased flow of intraperitoneal lavage, which is possible
due to modern dedicated devices %° (Fig. da, b,"Fig. 2)
Cytoreductive surgerycauses extensive trauma to the tis-
sues and has as alconsequence the decrease ‘of the cen-
tral temperature-of the patient and andmportant loss of
fluids due to laparotomy. Theseffects ofsthe hyperther-
mal phase are superposableqto a“hyperdynamic status
associated with the acute increase of intraabdominal pres-
sure with the occurrenCe ofwsystemic vasodilation and
the releasewof a large amount of cytokines /. These
important hemodynamie, changes were similar to those
oceurring in the septie shock; in both cases there is a
circulation collapse, renal toxicity being more severe due
t0 the hemodynamic impact than the toxicity of the
chemical agents used, demonstrating also the improve-
ment obtained*by compensating the liquid losses and by
using, inotrepic agents to compensate for circulatory col-
lapse %,

A) B)

Filling ling

/

Rollerpump

Batient outflow

Heat-exchanger

Fig.1: A) HIPEC machine (with kind permission of Eight Medical International B.V).
B) HIPEC “closed” circuit with inflow and outflow peritoneal drains. (with kind permission of Eight Medical International B.V).
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Fig. 2: “Open abdomen” HIPEC procedure; intraoperative aspect
(from the personal files of the authors).

Indications of HIPEC. Current state.

In the past, the presence of peritoneal carcinomatosis
staged the disease into an advanced stage, withoutsany
available radical treatment. Currently, cytoreductive
surgery associated with HIPEC has become an.increas-
ingly used technique for the treatment of cancers with
secondary peritoneal determinations as well as\primary
peritoneal tumors. The main neoplasms for which this
technique is used are: ovarian cancer, coloreeral cancer,
and peritoneal pseudomixoma 4. Gurrently there are cen-
ters that are using this treatment, for gastric cancer and
rare neoplasms 2939,

Ovarian cancer accounts for 25% of the neoplasms
affecting the female genital tract 3!. HIREGassociated
cytoreduction surgery“cansbe applied in the tteatment of
ovarian cancer as well as\thé first liné of treatment and
in the case of peritoneal recurrence.

Starting with 2017, international guidelines recommend
CRS + HIPEC also" for casés with peritoneal carcino-
matosis of colorectal originy4, “the favorable outcomes
being highlighted by 1.fandomized trial %2, 2 multicen-
tric studies 833, several, Phase.JI-1II studies and numer-
ous other literature feports 4.

Primary tumors® (malignant peritoneal mezotelioma -
MPM), if untreated, has a survival rate of less than 1
year. Together with the development of CRS and HIPEC
the survival rate increased. At present, the first line of
treatment for patients with MPM is represented by CRS
and HIPEC, with median survival rates reported by dif-
ferent studies ranged between 38 and 92 months. CRS
and HIPEC is also considered to be efficient in recur-
rent MPM 3.

In order to obtain optimal results, patient selection is a
very important step and multiple exclusion criteria have
been developed as follows: age over 70 years, multiple
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Tasle 1 - Molecular weight and  area-under-the-curve ratios of
intraperitoneal exposure to systemic exposure of chemotherapeutic agents
used to treat peritoneal carcinomatosis (after Der Speeten, et al *4).

Drug Molecular Weight Area unde

(Da) the curve ratio
5 Fluorouracil 130.08 250
Carboplatin 371.25 10
Cisplatin 300.1 7.8
Docetaxel 861.9 552
Etoposide 588.58 65
Floxuridine 246.2 75
Gemcitabine 299.5 500
Irinotecan 677119 Nodatavavailable
Melphalan 305.2 93
Mitomycin C 334.3 23.5
Mitoxantrone 517.41 115-255
Oxaliplatin 397.3 16
Paclitaxel 853.9 1000
Pemetrexed 597.49 40.8

comorbidities, continueus ‘evolution of neoplastic disease
despite appropriaté systemic treatment, the altered bio-
logical stattis of the patient, the presence of extra-abdom-
inal or liver metastases, or any other contraindication of
chemotherapy=In addition to these absolute exclusion
criteriay/some minor criteria have been developed in order
to ‘achieve a more rigorous selection. The minor criteria
aret absence of decreasing tumor marker values despite
optimal systemic chemotherapy, obesity with BMI> 40,
history of pelvic radiotherapy, history of several surgeries
(> 4) and presence of bowel occlusion 3¢37. As for the
age of patients, there are studies that demonstrate that
patients over 70 years have an increased risk of compli-
cations and postoperative deaths . To support this
study, there is data from other studies that shows that
patients aged over 75 years which receive HIPEC asso-
ciated with extensive surgery have no prognostic benefit
compared to those who only benefit from optimal sys-
temic therapy ¥.

The optimal timing to perform HIPEC is immediately
after the tumor cytoreduction and before any recon-
struction of the digestive tract is done. If recurrence
occurs after CRS / HIPEC, especially in patients with
recurrence occurring over a considerable period of time,
reassessment for a new CRS / HIPEC procedure should
be considered. The reapeted CRS / HIPEC procedure
has a postoperative morbidity and mortality rate similar
to that encountered after the first procedure 0. In order
to achieve optimal results after the second CRS / HIPEC
session, it is imperative that both patient selection and
the timing for surgery are made with the utmost rigor.
Also, a suboptimal initial cytoreduction (R2) is not an
absolute contraindication for repeating the CRS / HIPEC
procedure. The decision to repeat the procedure should

Ann. Ital. Chir., 89, 6, 2018 - Epub Abead of Print, 23 October



Hyperthermic intraperitoneal chemotherapy (HIPEC). Mechanisms of action and the role of HIPEC in the treatment, ect

be taken only in cases where positive results (CCO resec-
tions) can be obtained with a satisfactory quality of life.
In some cases, repeating the procedure may even result
in a free range of substantial disease “'.

The role of systemic chemotherapy

The role of systemic chemotherapy remains particularly
important, contributing essentially to completing the
treatment, by its neoadjuvant or adjuvant character,
depending on each case. Moreover, for some pathologies
(colorectal carcinomatosis), concomitant intra-operative
administration of systemic cytotoxic agents leads to a
potentiation of intraperitoneal cytotoxic effect by reach-
ing a bidirectional diffusion gradient 224243 (Fig. 3).

Typically, 5-fluorouracil and folinic acid are administered
intravenously 30-60 minutes prior to starting HIPEC 2.

Cytotoxic drugs used in HIPEC procedure
5-FurorouraciL (5FU)
5 Fluorouracil is still the cornerstone of oncological ther-

apy in colorectal cancer, despite the fact that it was, dis-
covered more than 40 years ago. (Fig. 4) This.cytotox-

Intraperitoneal Cavity
Very high concentration of Anticancer Agents

Tumor Tissue

Outer Layer:
High Drig Level by Direct Expostire

Innier Core:
Drug Concentration by
Microcirculation through
Systemic Girculation

Transport of
Anticancer Agent

d Vessels

Fig. 3: Bidirectional i.v. and intraperitoneal delivery of chemothera-
peutic drugs. (from Ref.22,Van der Speeten et al, 2012).
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Fig. 4: Chemical structure of 5FU (left) and Oxaliplatine (right).

ic agent is part of the 5-fluoropyrimidine class and once
inside the cell, it is transformed into various nucleotidic
compounds with cytotoxic effect via several biochemical
pathways 44. 5FU has a cytotoxic effect by several mech-
anisms: inhibition of Thymydilat synthase, adhesion to
RNA and DNA. The inhibition of Thymydilat Synthase
is believed to cause the activation of programmed cell
death and the induction of nuclear DNA fragmentation.
The ability to produce Thymydilat synthetase inhibition
gives to 5FU the advantage of potentiating the antitu-
moral action of the radiation. Over time, several mech-
anisms of cell resistance to the action of 5FU have been
identified. The most important mechanism of resistance
is the modification of,the target enzymé, Thymydilat
synthase. Numerous=studiesthighlight sthag tumor cells
with a much higher /Thymylate Synthase “activity are
more resistant.to. SFU treatment: Also, the structural
changes of Thymydilat synthase’leadingyt6 a poor bind-
ing of the antitumor agent, determine resistance. The
enhancéd acuon™ of Dihydropirmidine dehydrogenase
results in an accelerateddmetabolism of 5FU, thus inhibit-
ing the antitumor effect %.

MritomyciN C

Mitomycin, C is/a chemotherapeutic agent with antibi-
otic/and alkilant effect, extracted from Streptomyces
speciesswhose main mechanism of action is represented
by ‘cross-linking the DNA molecule. The drug under-
goes transformation into the active form once it pene-
trates inside the malignant cell and is inactivated by
microsomal enzymes in the liver. It is also metabolised
to the spleen and kidney “°.

Mitomycin C is a widely used chemotherapeutic agent
in HIPEC procedures, especially because of the large
molecular weight which limitates the transperitoneal
absorption, thus decreasing the amount of cytotoxic
agent in the systemic circulation, which has the main
consequence of decreasing the incidence of adverse reac-
tions. Unlike systemic administration that provides low
doses of peritoneal antitumor agent, intraperitoneal
administration provides high doses of chemotherapeu-
tic agents at the level of remnant microscopic deposits,
and the cytotoxic effect obtained is highly improved.
The increase of the cytotoxic effect is also due to the
use of hyperthermia which increases both the direct
cytotoxic capacity of Mitomycin C and the tissue depth
at which it acts. Intraperitoneal administration is not
without side effects, the most pronounced being neu-
tropenia; female gender and the increased dose of
Mitomycin C/m? represents the main risk factors for
developing this adverse reaction 4. This cytotoxic agent
is used both for the treatment of peritoneal carcinoma
secondary to colorectal, ovarian, gastric or appendicu-
lar cancer and for the treatment of malignant mesothe-
lioma.
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CISPLATIN

Cisplatin is the first platinum-derived chemotherapeutic
agent widely used in oncologic treatment schemes. The
anti-tumor effect is due to the induction of cellular apop-
tosis by the formation of DNA adducts. This antitumor
agent has been used for ovarian and gastric cancer but
also for mesothelioma and round small cell desmoid
tumors. Since its inception, it has been observed that its
increased toxicity influences its effectiveness as an anti-
tumor agent. Despite the fact that it is particularly effec-
tive for cancers, this chemotherapeutic agent has not
proven its effectiveness in all the malignancies in which
it was attempted ©°. Excretion is performed by the kid-
ney, so Cisplatin-induced toxicity is the main adverse
effect of administering this anti-tumor agent, due to both
the toxicity exerted on the epithelial cells of the kidney
and by lowering the blood flow at this level.
Nephrotoxicity induced by the use of Cisplatin was
observed in 28-36% of patients receiving a single 50
mg/m? dose. Most often, chronic kidney failure caused
by Cisplatin occurs a few days later after administration
and is manifested by increased creatine and serum urea
levels with preserved diuresis. Some cases may even devel-

op chronic kidney failure. Hypomagnesaemia is another
marker of renal impairment caused by Cisplatin, and this
can occur even in the presence of a preserved glomeru-
lar filtration rate. Concomitant use of other nephrotox-
ic agents leads to increased risk of developing renal
impairment. There are other factors contributing to the
appearance of renal impairment: low intraoperative diure-
sis and use of angiotensin II receptor blockers 8. Low
blood pressure was associated with an increased rate of
kidney failure. Thus, stopping antihypertensive therapy
in patients’ oncologic treatment with Cisplatin should be
considered if we try to reduce the renal toxic effect .
Cisplatin is an anti-tumor ‘agent commonly used for per-
forming HIPEC procedures, with little data on renal tox-
icity caused by intraperitoneal administration. Studying
the pharmacokinetics of Cisplatin indHIREC,procedures
has shown that.the amount of cytetoxic’agent that reach-
es the systemic circulation and, can ‘give the known
adverse effects is much diminished, and the adverse
effects that occuf are caused by, the extremely aggressive
surgery.>’. Analysis of (Cisplatin ‘dosing resulted in the
findings that a dose<higher than 240 mg/m? was asso-
ciated with poor pestoperative outcomes and elevated
serum creatinine.’!,
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Fig. 5: Effect of initial oxaliplatin concentration in peritoneum and hipertermic intraperitoneal treatment (HIO) duration on the time cour-
se of neutrophil counts (upper panels) and on the incidence of neutropenia grade 4 and grade 4 lasting at least 5 days (lower panels) (from

Ref 54, Valenzuela B et al, 2011).
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OXALIPLATIN

Oxaliplatin (oxalate-1,2-diaminocyclohexane-platinum 1)
(Fig. 4) is a third-generation platinum derivative with a
cytotoxic effect which is proven both in adjuvant thera-
py and palliative treatment of colorectal cancer, its effica-
cy being demonstrated in combination with 5-
Fluorouracil. The efficacy of oxaliplatin has also been
proven in other digestive cancers such as pancreatic can-
cer, gastric cancer and, most importantly, esophagus can-
cer ®. The mechanism of action of oxaliplatin is similar
to other platinum-class agents, formation of DNA adducts
that induce cellular apoptosis. Its high molecular weight
gives Oxaliplatin the ability of not passing the peritoneal
barrier, thus reducing the degree of systemic toxicity. In
vitro studies have demonstrated increased cytotoxicity of
this chemotherapeutic agent in hyperthermia conditions,
which led to its use for HIPEC procedures 2.

Starting from the premise that Oxaliplatin does not show
stability in the carrier solutions based on chlor, in vitro
studies have been conducted to analyze this hypothesis.
Replacement of chlorine-based solution with Dextrose
5% leads to the occurrence of severe hyperglycemia and
hydro-electrolytic equilibrium disorders, which have as a
consequence an increased rate of postoperative morbid-
ity and mortality. The instability of oxaliplatin in“chlo-
rine-based solutions has been predicted to be.due o
chlorine ions. This instability is also lowering the
oncolytic capacity of oxaliplatin during HIPEC proce-
dures. The in vitro study of the stability of Oxaliplatin
in different carrier substances with different=concentra-
tions of chloride demonstrated asslight ‘decrease in the
active substance concentration, ‘which was foundsto be
directly proportional to the dncreaseyin’chloride concén-
tration. However, the decrease in“exaliplatin concentra
tion was found to be limited, after 30 mifutes.90% of
the initial chemotherapeutic agent being present; at 120
minutes the congéntration /did not fall below "85%. It
has also been observeduthat oxaliplatintdegradation into
2 compounds is likely to even amplify”the cytotoxic
activity of the chemotherapeutievagent. Regarding side
effects, it is known that extending the duration of the
hipertermic administratién, for‘a given initial oxaliplatin
concentration in the peritoneum, will increase the sever-
ity and duration of the neutropenia as it is directly relat-
ed to the oxaliplatin éxposure in peritoneum (Fig. 5)°%>4.
In generally, compared to MMC, more pronounced
haematological adverse reactions were found if oxaliplatin
was used, but they were validated only in patients whose
splenectomy was also necessary to achieve optimal cytore-
duction.

CARBOPLATIN

Carboplatin, or 1,1-cyclobutanedicarboxylatoplatin II, is
a platinum-based chemotherapeutic agent that presents

Ann.

the same carrier amine as Cisplatin but has higher mol-
ecular weight, which gives it a reduced systemic absorp-
tion and also fewer side effects. The molecular modifi-
cation of Cisplatin has led to the discovery of
Carboplatin with reduced kidney toxicity. Studies con-
ducted on laboratory animals have demonstrated this
decrease in renal toxicity, but have shown an increased
risk of haematological adverse effects, causing bone mar-
row suppression, through increased toxicity to the
haematogenous bone marrow. Compared to Cisplatin, at
effective doses, Carboplatin caused fewer side effects such
as nausea, vomiting, renal or neurological toxicity 4. The
main mechanism of action is superposable to other plat-
inum derivatives

IRINOTECAN. H¥YBDROXYCAMPTOTHECIN

Irinotecan _is'a semisyntheticacompound used as an anti-
tumor /agent and“has its_main“mechanism of action the
inhibition of topoisomerase s, The irinotecan molecule
suffers thesaction of ‘carboxylesterase and thus gives rise
to. 7-methyl 10-hydtoxyeamptothecin, a compound with
more pronounced cytotoxic activity. Topoisomerase 1 is
a nuclear enzyme'that plays an important role in DNA
réplication’ and transcription by creating a reversible
breach_in'a helix chain and eliminating torsional stress,
which  facilitatés the replication and transcription of
nucleas” DNA. By binding to Topoisomerase 1 and
inhibiting the effect of this ubiquitous enzyme,
Hydroxycamptothecin prevents the restoration of the
brass and favors the final breakage of the helical DNA
strand . This chemotherapeutic agent is used for per-
forming CRS / HIPEC in colon cancer in combination
with oxaliplatin. Numerous studies reveal evidence of
haematological toxicity, but it is considered by other
authors that prescribing additional therapy is not neces-
sary *°. Hematologic toxicity of irinotecan is reported
around 11% in the case of bidirectional chemotherapy
schemes including intraperitoneal administration of
Oxaliplatin and Irinotecan *°.

Diarrhea is a complication that occurs after the first 24
hours of drug administration and may even be life-threat-
ening. The mechanism by which it is being established is
not yet fully elucidated, but there are studies that reveal
that action on the colon mucosal topoisomerase 1 induces
apoptosis of epithelial cells at this level and thus alters
hydroelectrolyte changes with the occurrence of an empha-
sized diarthea syndrome. In addition to the mucosal
changes, Irinotecan and its metabolites stimulate the pro-
duction and release of various proinflammatory cytokines,
which maintain diarrhea by secretory mechanisms .
Although oxaliplatin remains the major cytotoxic agent
used for HIPEC in patients with advanced colorectal
cancer, Irinotecan is an alternative to be considered in
cases of neoplastic disease progression or development of
intolerable adverse effects on oxaliplatin therapy *.
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DOXORUBICIN

Doxorubicin is a member of the anthracycline class,
being one of the most used anticancer agents over the
years. Anthracyclines show a flat molecule with
hydrophobic properties. They maintain the oxido-reduc-
tion reactions and thus lead to the production of free
radicals, which cause both the cytotoxic effect and the
cardiovascular side effects that this class of drugs is
responsible for. Anthracyclines also have a secondary
mechanism of action inhibiting topoisomerase 2, a phe-
nomenon that causes injury to tumor cell DNA. Over
the years, research has been conducted to find pharma-
ceutical variants with fewer side effects, so the liposomal
form of doxorubicin has been identified. Doxorubicin
has been shown to be effective in the treatment of many
types of neoplastic diseases such as lymphomas, nephrob-
lastomas sarcomas and neuroblastomas but it can also be
used in advanced stages of gastric, prostate or breast can-
cers. Neither this cytotoxic agent is free from side effects,
most notably being: medullary suppression, nausea, vom-
iting and hair loss %.

Results
CoLORECTAL CANCER

The treatment of colorectal cancer with peritoneal “carci-
nomatosis has made significant improvements with the
development of systemic chemotherapy, but=especially
through the widespread application” of \CRS/HIPEC pro-
cedures. Overall survival of patients diagnosed with col-
orectal cancer with peritoneal.carcinematosis treated with
CRS/HIPEC is reported by ‘somenstudies as 50%vat.5
years 7. However, ther¢” are some more pragmatic,stud-
ies that report the overallsuryival rate between 20 and
30%. The incidence of complications eported in patients
receiving CRS/HIPEC-feor, colorectal ‘cancer with peritoneal
carcinomatosis is reported in the literature around 40%
with 24% grade III or more Severe.complications 5.

To improve the outcomes and, totincrease the overall sur-
vival rate, it is necessafy to identify the patients who
present risk factors for,developing postoperative compli-
cations. Numerous/patient-related risk factors have been
incriminated in ‘the development of postoperative com-
plications. The most, important of these are: age, hypoal-
buminemia, low preoperative performance status and
obesity .

In addition, there are a number of surgical risk factors:
the peritoneal carcinomatosis index, the length of the
resected segment of small bowel, diaphragm involvement
in the neoplastic and resection process, the resection of
the pancreas, hepatobiliary or urinary structures, itera-
tive HIPEC procedures (reHIPEC), high-grade histology,
perioperative systemic chemotherapy, and last but not
least the surgeon’s experience 06!,
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One of the most important individual predictive factors for
morbidity and mortality is the peritoneal carcinomatosis
index, which is explained by the need for extensive resec-
tions to obtain a cytoreduction score of 0 (CC0) .
Extensive resections involving important organs such as
diaphragm, small intestine, pancreas, liver, gall bladder
or urinary organs cause an increased risk of postopera-
tive complications leading to a decrease in overall sur-
vival and worsening the outcomes of this procedure
which is still under standardization. Furthermore, an
increased index of carcinomatosis (> 16-20) is associat-
ed with the difficulty of obtaining a CCO score, being
shown that an incompléte cytoreduction leads to a
decreased survival rate.’.

In addition to the influence of patient or surgeon-depen-
dent factors, the groperties of the used cytotoxic agent
may lead to complications and thus influence the imme-
diately or late prognosis. MMG used alone for HIPEC
procedures leads to 28% of «cases of medullary suppres-
sion; néutropenia“can be fatalin 66% of cases where it
is classified as grade LV. The use of platinum-derived
agents suchsas Oxaliplatin is known to cause bleeding
complications, whieh 1§, reported by some studies as
oceurring in a propertion of 50% . Recent studies sug-
gest that the efficacy of MMC and oxaliplatin in patients
diagnosed fwith colorectal cancer and peritoneal carcino-
matosis_is'dependent on the severity of peritoneal carci-
nomatosis. Owerall survival rate of patients was 32.7%
for MMGCrand 31.4% for patients who received oxali-
platin."The same study obtained, by classifying patients
into 2 groups according to the peritoneal carcinomato-
sis, severity score, one with PSDSS I / II and one with
PSDSS 111 / 1V, a global survival of 54.3% versus 19.4%
for the use of MMC and 31.4% versus 30.4% when
using oxaliplatin 3.

Importantly, literature indicates that intraperitoneal
chemotherapy does not significantly affect morbidity and
mortality compared to the situation in which only sur-
gical resection is performed *. A review published in
2015, which compares the morbidity, mortality and dura-
tion of hospitalization of patients with cytoreduction
alone with the results of those who were associated with
the HIPEC procedure, does not reveal statistically sig-
nificant values between the two groups (morbidity 41%
versus 45% mortality - 1.1% vs. 2.5%, hospitalization -
11 versus 12 days) %.

OVARIAN CANCER

In the case of ovarian cancer, the development of CRS /
HIPEC radically changed the oncologic treatment regimens
and the prognosis of these patients. Studies published in
the literature encourage CRS / HIPEC in patients diag-
nosed with advanced ovarian cancer with peritoneal sec-
ondary metastasis. An important concern is the ongoing
study and improvement of staging systems in order to
achieve a better stratification of patients and to be able to
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identify with high precision the cases that are suitable for
the different types of oncological treatment.

The mean survival rate reported by some authors in CRC
/ HIPEC-treated women with ovarian cancer was 51
months, with 1-year survival of 85.4%, 2 years of 63.3%,
and 5 years of age 56,3% %. An American study reports
overall survival rates of 73.4 months, which provides
more confidence for this procedure .

Currently, two randomized trials aim to study the over-
all survival rate and the disease-free interval and are
ongoing in patients undergoing optimal cytoreduction
associated with HIPEC procedure performed with cis-
platin in doses of 75 mg / m? . These two trials are
considered useful for optimizing the CRS / HIPEC pro-
cedure but also for reassessing the feasibility of this pro-
cedure.

A particular category of patients is represented by those
with tumor recurrence after radical interventions. In their
case, CRS/HIPEC procedure records promising results, but
randomized prospective trials are needed to identify the
optimal oncologic treatment protocol that generates the
highest survival rate. Existing literature data provide over-
all survival rates ranging from 26.7 to 35 months with a
disease-free interval between 8.5 and 48 months . The
benefit of HIPEC is illustrated by doubling the overallssur-
vival rate of patients with recurrent disease from'\13.7
months for systemic chemotherapy associated with, surgery
to 26.7 months for CRS / HIPEC ¢’.

CRS / HIPEC associated morbidity is variable in, the lit-
erature, ranging from 13.6% to 100%, but does not show
significantly elevated values compared to cases”receiving
only surgical treatment followed by systemic chemother-

apy .

GASTRIC CANCER

The prognosis of advanced gastric cancer with peritoneal
carcinomatosis is, reserved with an”average survival rate
of less than 5 months #°. Performing CRS*/ HIPEC can
significantly improve this prognesiss.there is data from
prospective studies currently showing that the median of
survival may reach 11 months in patients receiving CRS
/ HIPEC.

Prognostic factorsshave been studied in numerous trials.
The following were ddentified as independent prognos-
tic factors: cytoreduction, association of systemic
chemotherapy, peritoneal carcinomatosis index, TNM
staging, presence of ascites, patient performance status,
postoperative complications, and tumor histology ©%.
From the point of view of postoperative complications,
the most representative are: anastomosic fistula, systemic
sepsis, wound infections, ileus and hypoalbuminemia %.
Even if the so far published results are encouraging, there
is still a lack of high-randomized trials. There are two
trials (GASTRIPEC and GASTRICHIP) which are con-

ducted in centers of excellence in Germany and France
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that aim to compare the association of neoadjuvant
chemotherapy, CRS / HIPEC and adjuvant chemother-
apy with the combination of neoadjuvant chemothera-
py, conventional oncologic surgery followed by adjuvant
chemotherapy (GASTRIPEC) and survival rates at 5
years and the disease-free interval for CRS / HIPEC
patients compared to those undergoing conventional
oncology surgery only ©.

The procedures safety, assessed into GASTRICHIP trial
did not reveal significant differences between the two
groups (CRS / HIPEC vs. conventional curative surgery)
with severe morbidity rates of 28.4% vs. 26.2% 2.

In conclusion, the standardized implementation of the
CRS / HIPEC technique  for patients diagnosed with
gastric cancer with peritoneal,carcinomatosis is still con-
troversial and to<implement this techniqueinto onco-
logic treatment-protocols, prospegtive,studies conducted
on large grotips of patients are/needed-\However, intro-
ducing CRS"/ HIPEC intey current practice and per-
forming this précedure inwexperienced centers, for care-
fully selected patients,(is anwalternative that improves
prognosistand provides gréater, overall survival than oth-
er oncologic therapies.

Perspectiyes
FLUORESCENCE

Nowadays there are a lot of options for diagnosing
tumoral cells inside the abdomen during surgical proce-
dures. One of the most promising tool is represented by
Near infrared florescence (NIRF) which can guide the
surgeon to spot more precisely the tumoral deposits
spreaded on the peritoneal surface. When performing
peritonectomies, preserving the uretherus is one of the
most important objective. So, by using NIRF the sur-
geon may visualize the uretherus through the surround-
ing fat tissue 7°. Another important objective of using
NIRF is a better visualization of peritoneal spreading by
using tumor-specific fluorescent compounds. In the field
of ovarian cancer, this technique requires a specific dye
which binds to the folate receptors who has an overex-
pression in most tumoral cells. There is some evidence
of using ICG for surgical practice. This technique is
waited to become a very useful tool for surgeons in per-
forming a more appropriate citoreduction °. Researchers
are conducting new trials in order to improve peritoneal
carcinomatosis detection in  various cancers
(NCT02032485, NCT01982227) 7!. Other fluorescent
markers, such as 5-aminolevulinic acid have been stud-
ied for performing fluorescent maping of tumoral
deposits. 5- aminolevulinic acid was used when per-
forming staging laparoscopies and an improved peritoneal
carcinomatsis detection was obtained in 21 % of the
patients without any macroscopic signs of peritoneal
metastases />’3. The authors of a phase I clinical trial
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Fig. 6: Peritoneal carcinomatosis from ovarian cancer and primary peritoneal €arcinoma emitted strongyred fluorescence under irradiation
of blue light. Arrows indicate peritoneal disseminated tumor emitting strong red fluorescence. a Péritoneal'disseminated tumors from ova-
rian cancer; b peritoneal disseminated tumors from primary peritoneal cdrcinoma (from Ref 73;0LiuY et al).

report a 95% rate of detecting peritoneal cancer spread-
ing by using aminolevulinic acid for fluorescent putpose,
in cases of ovarian cancer and primary peritoneal can-
cer, when performing CRS/HIPEC (Fig. 6). The speci-
fity of the method is reported as 100% 7.

It is possible that in the near future this ‘new developed

technique will help the surgeons to improvesthe citore-
duction performed during CRS/HIPEC ¢procedures.

ProruyrLactic HIPEC

A topical concept is to_perform HIPEC,foryprophylac-
tic purposes. Thisfista promising approach'that aims to
prevent neoplastic recurrence in patients with high risk
of developing peritoneal carcinomatosis.» This is sup-
ported by literature studies thatwindicate that 4-19% of
patients operated radically “for “colorectal tumors will
develop metacrone peritoneal tumor deposits °. Moreover,
for locally advanced éeloréetal, tumors, the risk of peri-
toneal carcinomatesisy after radical interventions is 50-
60% at 6 months .

Patient selection is‘a very important step and should be
done with the utmost rigor. There are several studies
evaluating this prophylactic procedure, but in order to
be implemented in a standardized way, prospective stud-
ies are needed on large groups of carefully selected
patients. Existing studies provide confident data on mor-
bidity and perioperative mortality when prophylactic
HIPEC is performed, but the obtained results are not
significantly improved compared to conventional resec-
tions 7475,

Furthermore, the application of hyperthermic intraperi-
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toneal chemotherapy for prophylactic purposes resulted
i statistically superior results in terms of peritoneal car-
cinomatosis occurrence and long-term survival. Thus,
comparing 2'patient groups, one consisting of 25 patients
who,received- profilactic HIPEC associated with surgical
resection with another of 50 patients who underwent
only conventional oncological resection, the authors pro-
vided encouraging results for the first technique, result-
ing in a decreased peritoneal carcinomatosis incidence
from 28% to 4%, with a prolonged long-term survival
rate 7°.

PRESURIZED INTRAPERITONEAL AEROSOL CHEMOTHERAPY
(PIPAC)

PIPAC is a minimally invasive technique used for treat-
ing patients with peritoneal carcinomatosis or primary
peritoneal tumors which is still under study. With the
onset of intraperitoneal chemotherapy, the major con-
cern was to improve the penetrance of cytotoxic sub-
stances into the tumor tissue, something that has been
achieved in someway for HIPEC procedures. PIPAC is
a new technique designed to improve the results obtained
by conventional intraperitoneal chemotherapy and con-
sists in the intraperitoneal administration of cytotoxic
aerosols via capnoperitoneum. Instead of practicing
intraperitoneal lavage with cytotoxic substances (HIPEC),
in the case of PIPAC, the antitumor agent is distributed
into the peritoneal cavity by mixing with carbon diox-
ide, thus forming aerosols with cytotoxic properties.
Aecrosols are composed of 2 phases: a liquid phase and
a gaseous one and if the liquid component is of very
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Fig. 7: Pressurized intraperitoneal acrosol chemotherapy (PIPAC). L'he abdominal cavity is accessed with 2 balloon trocars allowing hermetic seal.
Liquid chemotherapy is dispersed as aerosol by use of a standdrd injector .and a specific nebulizery, (from Ref 79, Hubner M et al)

small size, aerosols behave like a gas. The physical prop-
erty of gas spreading uniformly in a closed, cavity gives
this technique the advantage of hemogeneously distrib-
uting the cytotoxic substance indthe peritoneal cavieymAt
a theoretical level, better intraperitoneal proliferation 6f
antitumor agents and increased“penctrance to qumor tis-
sue give this new technique valuable advantagesyin the
treatment of peritoneal car¢inoma 7778,

There is evidencemof PIPAC used .as ajyneoadjuvant
treatment for €RS// HIPEC. Thisy method can be
applied in cases where CRS / HIPEC e¢an not be per-
formed primarily, due to the.presence of contraindi-
cations. The most commen reason why patients are
not optimal candidates for CRS/ HIPEC is the pres-
ence of extensive peritoneal carcinomatosis on the small
intestine, which makes” it impossible to achieve a
cytoreductive  gcore. that allows intraperitoneal
chemotherapy to“be performed according to existing
indications. In these cases, performing one or more
PIPAC sessions can lead to regression of peritoneal car-
cinoma, which can make CRS / HIPEC possible in a
later time. In conclusion, PIPAC associated or not with
systemic neoadjuvant chemotherapy may be a feasible
alternative for patients who are not eligible for CRS
/ HIPEC, but randomized prospective studies are need-
ed to postulate this and to be able to introduce PIPAC
as a standard technique in oncologic treatment proto-

cols 7? (Fig. 7).
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Discussions and Conclusions

Although peritoneal carcinomatosis has been considered
fora long time the final stage of abdominal neoplasia,
it is clear now that the situation has changed, recent
studies from the literature showing that CRS and HIPEC
may represent the radical treatment with an important
impact on the outcome of these patients. This treatment
should be part of a multidisciplinary management, sys-
temic chemotherapy often having an additive role in
enhancing the cytotoxic effect. Even though the role of
chemotherapeutic agents is well established, the contin-
ued development of the pharmaceutical industry has the
potential role to improve the treatment of these patients,
the main goal being to lower the incidence of adverse
effects and to increase the survival period.

In addition to conventional systemic chemotherapy,
HIPEC offers the possibility of increased doses of
chemotherapeutic agents, with low hematological toxici-
ty, all of these beeing possible due to the physiochemi-
cal properties of the peritoneal complex.

Although nowadays, based on the experience of high vol-
ume centers, there are some guidelines related to the
dosages and the optimal concentration of chemothera-
peutic agents used intraperitoneally, a standardization
based on pharmacodynamic and pharmacokinetic stud-
ies is still needed, this subject being in the attention of
specialized research teams.
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Unfortunately, results from CRS and HIPEC, although
optimistic, are often limited by the late diagnosis and
the high rate of relapse after treatment. Therefore, the
most important research lines should primarily target the
improvement of the chemotherapeutic agents used,
nanomedicine being able to play an important role in
the development of teranosic nanobioconjugates, both in
diagnosis and targeted treatment. Regarding pre and
intraoperative diagnosis of carcinomatosis, current diag-
nostic methods (fluorescence, NIR, etc.), by providing
an accurate mapping of malignant implants could lead
to increased operability rates (a better patient selection)
and to a higher incidence of complete cytoreductive treat-

ment (CCO0).

Riassunto

La carcinosi peritoneale rappresenta lo stadio avanzato e
finale dell'impegno neoplastico del peritoneo, sebbene
spesso non sia accompagnata da diffusione sistemica del-
le neoplasie. Lo sviluppo dellindustria farmaceutica in
combinazione con tecniche chirurgiche avanzate ha con-
tribuito a migliorare 'esito di questi pazienti, considera-
ti a lungo senza risorse risolutive. La citoriduzione tumo-
rale seguita da chemioterapia intraperitoneale ipertermi-
ca (HIPEC) ¢ naturalmente il trattamento di seelta per
questi pazienti, eseguito con impegno multimodale, scel-
to con cura, seguendo un consenso multdisciplinare.
In questo articolo abbiamo esaminato i principali aspet-
ti della procedura HIPEC, descrivendo i prineipali agen-
ti chemioterapici utilizzati, evidenziandé il ruolo che
svolgono in questo trattamento oncologico. Infine,/abbia-
mo individuato le principalinlinee “disricerca in|questo
campo, che sebbene abbiano un fuelo consolidatonelle
recenti linee guida, hanno_un grande poténziale di svi-
luppo, con un impatto’ massimo sulla, prognosi dei
pazienti con metastasi peritoneali.
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