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ABSTRACT

Rationale: Epithelial ovarian cancer (EOC) is a relatively chemosensitive malignancy which begins, and most frequently
disseminates by intraperitoneal seeding. Intraperitoneal chemotherapy (IP) is a route of drug delivery that allows the direct
infusion of the chemotherapeutic agents into the peritoneal cavity. It has been proven to be efficient and with lower systemic side
effects in comparison to the intravenous (IV) route. The combination between hyperthermia and intraperitoneal chemotherapy
(Hyperthermic intraperitoneal chemotherapy) has a synergistic killing effect on the malignant cells and appears to be feasible in
the treatment of EOC.

Objective: To review the current literature and discuss the use of HIPEC in the course of the EOC treatment: as first line medical
treatment, at the time of cytoreductive surgery (CS), postoperative adjuvant IP chemotherapy and HIPEC, and for recurrent
disease focusing on the survival benefit, mortality rates, morbidity, adverse effects and limitations.

Method: Medline, Pubmed, and the Cochrane Central Register of Controlled Trials (CENTRAL) were investigated for English
language articles about the role of HIPEC in women with primary EOC, of any FIGO stage. The analysis was restricted to
retrospective studies, randomized and nonrandomized controlled clinical trials, and gynecological oncology journals. The selected
information included data on feasibility, overall survival (OS), quality of life, and comparison with standard IV chemotherapy in
terms of complications, toxicity and anticancer effects.

Conclusion: Hyperthermia of the IP chemotherapy solution increases the cytotoxicity of the drug in the peritoneal cavity and
its systemic effects on the tumor peritoneal nodules. Although initial investigators presented encouraging survival outcomes
when HIPEC was used in recurrent EOC, further studies are necessary in order to incorporate HIPEC as a front-line treatment
of EOC or as an adjuvant therapy. More research is required for defining the possible roles of HIPEC within the spectrum of
other treatments for EOC including repeated normothermic IP chemotherapy, early postoperative IP chemotherapy, and novel and
biological agents.

Key Words: Ovarian cancer, Hyperthermia, Cytoreductive surgery, Chemotherapy

*Correspondence: Nicolae Bacalbasa; Email: nicolae_bacalbasa@yahoo.ro; Address: Carol Davila University of Medicine and Pharmacy, Eroilor
Sanitari Bld, Bucharest, Romania.

Published by Sciedu Press 21



http://jst.sciedupress.com

Journal of Solid Tumors

2016, Vol. 6, No. 1

1. INTRODUCTION

Epithelial ovarian cancer (EOC) is still one of the most com-
mon cause of cancer death in females despite its innate prop-
erties which should allow an efficient treatment.[!! It is con-
sidered a malignancy which origins from the ovarian surface
epithelium and confines itself to the peritoneal surface.?!
Because the initial symptoms are rather nonspecific, the ma-
jority of cases are being diagnosed in an advanced stage,
III or IV conform International Federation of Gynecology
and Obstetrics (FIGO). In these stages, distant metastases
and peritoneal carcinomatosis are already present. Patients
with OC of all stages have a 5-year survival rate of almost
50% in contrast to less than 25% in women diagnosed in an
advanced stage.’

Maximal cytoreductive surgery followed by 6 cycles of
platinum-based chemotherapy is the cornerstone treatment in
EOC. 80% of women may completely respond to chemother-
apy, however most of them develop recurrences with a poor
prognostic.*! The diameter of the residual tumor (RD) is
the most significant prognostic factor which can influence
survival rates. It has been proved that, if the percentage of
patients with no gross RD after CS increases with 10%, then
the median duration of survival increases with 5.5%.5!

As the main route of dissemination in OC is through the
peritoneum, a direct administration of the cytotoxic drugs
into the peritoneal cavity significantly reduces the systemic
toxic effects which may appear after the intravenous (IV)
administration.l®)’ A meta-analysis of all randomized studies
with OC patients treated with normo-thermic chemotherapy
with cisplatin and paclitaxel via either the i.v. route only or
combined i.v. and i.p. routes demonstrated that women who
received i.p. chemotherapy have better survival outcomes.[”!
In a study conducted by the Gynecologic Oncology Group-
172 (GOG-172), the median survival for patients who were
at least partially submitted to i.p. chemotherapy was 65.6
months compared to 49.6 months after i.v. drug adminis-
tration.!8! In spite of better survival benefits, the reported
median progression-free survival (PFS) was only 5 months
longer than the control group (23.8 months vs. 18.3 months),
and the reported recurrence was almost 65%.

The benefits from hyperthermic intraperitoneal chemother-
apy are:*11]
e it has a tumoricidal effect;
e influences DNA crosslinking and adduct formation;
o facilitates a better penetration of the drug into the peri-
toneal metastases.

Spratt et al. constructed a system to deliver hyperthermic
chemotherapy to the peritoneal cavity in a canine and hu-
man model, and since then HIPEC has been included in the
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treatment of gastric, appendiceal, colorectal or endometrial
cancer.['>"13! This review completes the wide range of data
that has been already published with an attention to the role
of HIPEC in EOC, and has the purpose to present the efficacy
of HIPEC and how it could be used in order to obtain best
survival outcomes for women with EOC.

2. TECHNIQUE OF HIPEC
The method through which HIPEC can be delivered are the
following:!'6!

e the “closed” method;

e the “open” method;

e the “coliseum” method;

e a technique which uses a “cavity acrylic expander”.
The above mentioned methods are based on a system
of pumps which allow the free circulation of the heated
chemotherapeutical agents in the peritoneal cavity. The pro-
cedure takes place in three steps each of them requiring
different lengths of time: between 30 and 45 minutes for
initiation, 30-90 minutes for perfusion of the solution and
15 minutes for take down. Totally, the surgical procedure
extends with 90-150 minutes. The whole equipment is then
removed, the saline and anti-adhesion solutions are adminis-
tered and the wound is sutured.!?! The mechanism of action
is represented in the following Figure 1:

Body Elimination

Ci; Vi from body

j{ / Tumoral nodules

Pre-peritoneal tissue

|

Peritoneal cavity
Cp., Vp

Figure 1. HIPEC-mechanism of action. Cp= Drug
concentration in the blood; Vj: Volume of distribution of the
drug in the body; C,,: The free drug concentration in the
peritoneal fluid; V,,: Volume of the peritoneal cavity. The
rate of transfer of the drugs into the peritoneal cavity can be
calculated by multiplying the permeability area with the
overall concentration difference between the peritoneal
cavity and the blood. The area of permeability controls this
transfer. Rate of mass transfer= Permeability Area x
(C-Cy)
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Heat combined with IP chemotherapy results in a synergistic
effect which increases the efficacy of the cytotoxic drug. Re-
cent clinical studies have shown the resulted peritoneal drug
concentration obtained after HIPER delivery is between 10
and 20 times higher than after a systemic delivery route.!'”!
Moreover, HIPEC does not require access into the peritoneal
cavity through a special device, hence it can be good toler-
ated with a lower rate of complications associated with the
use of a special catheter.!8]

Improvements in the laparoscopic techniques have made pos-
sible the performance of laparoscopic assisted heated intra-
operative intraperitoneal chemotherapy which facilitates and
adhesiolysis, cytoreduction, and chemotherapy delivery.[!”!

2.1 Performing HIPEC during primary CS and interval
debulking surgery

The possibility to implement HIPEC during primary CS was
first described by Steller ez al.*°! and favourable arguments
for a HIPEC safely delivering are:

(1) it has effect even on the RD obtained at the end of
surgery;

(2) it can easily penetrate all surfaces of the peritoneal
cavity, hence reaching any small tumor, optimally mi-
croscopic or free-floating;

(3) the possibility of an earlier delivery of treatment than
normally.?!!

However, the available data cannot answer the question
whether HIPEC at the time of primary CS can bring sur-
vival benefits and improvement life quality of women with
EOC,??! further studies being required to establish the op-
timal IP chemotherapy regimen in the setting of primary
CS.

Neo-adjuvant chemotherapy for two or three cycles before
surgery can increase the chance of obtaining a complete
tumor resection and has less peri- and postoperative com-
plications.[?*! Because of the small number of patients and
the heterogeneity of information with regard to the criteria
of patient selection and therapeutic strategy, a comparison
between neo-adjuvant chemotherapy followed by interval
debulking and HIPEC and primary CS and HIPECC in terms
of efficiency and survival benefits is still not reasonable.>¥]
Apart from the advantages mentioned above, performing
HIPEC during ID surgery allows the multidisciplinary team
to finalize HIPEC system planification and arrangement be-
fore the surgery.[>>26] Similarly, due to the nonrandomized
nature of data and the low evidence level of the studies rele-
vant statements are difficult to be outlined.!>>")

Published by Sciedu Press

2.2 Postoperative adjuvant IP chemotherapy and
HIPEC

IP chemotherapy can be planned after primary CS as an
adjuvant therapy. It may be administered in the early postop-
erative period, or once the normal peristalsis returns.

In the former case, chemotherapy delivery is much more
effective because the chemoperfusate diffuses can easier dif-
fuse into the residual tumor nodules before formation of
adhesions.[?®!

Even though in the meta-analyses of randomized con-
trolled trials good results as concerns DES and OS after IP
chemotherapy have been observed, in the recent GOG-172
randomized trial, the toxicity associated complications have
prevented 68% of patients from the IP arm to complete their
planned six cycles of IP adjuvant chemotherapy.’¥! In the
study of Walker et al,[**) 119 patients received IP chemother-
apy after being submitted to optimal CS. Of these, 40 of
patients (34%) suffered from catheter-related complications,
45 patients (38%) could not tolerate the IP treatment, and
34 patients (29%) abandoned the treatment as a result of
unexpected complications or disease progression. Despite
the supporting level 1 evidence, and due to the high rate
of catheter and route-of-delivery complications, currently,
adjuvant IP chemotherapy is not ready for routine clinical
use.

With regard to the incorporation of HIPEC when disease
volume is at its lowest volume and all peritoneal surfaces and
tumors are exposed, there is no agreement that HIPEC could
contribute to achieving better survival rates. Gori et al.?"
reported a study of 51 patients submitted to optimal CS (RD
< 2 cm) followed by chemotherapy with cisplatin and cy-
clophosphamide delivered through the i.v route. Of these, 32
patients received second-look laparotomy and HIPEC. The
rest of 19 patients refused the second-look laparotomy and
were included in the control group. The HIPEC group had a
median follow-up of 64.4 months in contrast to 46.4 months
for the control group.

Similarly, Bae et al.®!! presented the results of a study on 44
patients with stage III OC who received second-look laparo-
tomy and HIPEC with carboplatin (n = 30) and paclitaxel (n
= 14) as adjuvant chemotherapy. The control group consisted
of 24 patients treated only with second-look laparotomy. Af-
ter finalizing second-look laparotomy, an i.v. consolidation
chemotherapy was mandatory for all patients. The HIPEC
group had a 3-year PFS rate of 56.3% and an overall 5-year
survival rate of 66.1%, while for the control group the results
were 56.3%, and 31.3% respectively.

The above presented studies, as well as the existing reports
23
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in the specialized literature would be more enlightening if
they included explanations of the definitions of platinum
sensitivity and time of recovery, the range of median OS
reported for patients undergoing CRS and HIPEC in the liter-
ature (between 24 and 106 months) the upper range of which
has only been reported with CS followed by systemic and
normothermic IP chemotherapy.3?/

2.3 The survival results, mortality and morbidity of
HIPEC in advanced and recurrent OC

The studies concerning the use of HIPEC in recurrent OC are

large, heterogenous, nonrandomized, and include patients

with persistent disease and poor prognosis, and cannot weigh

against series reporting CS alone for recurrent disease.**!

Prognostic factors of survival in recurrent or persistent OC

patients treated with CS and HIPEC are:!26:34-381

interval from diagnosis to HIPEC;

peritoneal cancer index;

age;

performance status;

presence of lymph node metastasis;

the extent of RD prior to the performance of HIPEC.

The overall-progression free survival differs between the
published studies. In women younger than 55 years with
recurrent OC, the S-year survival rate was 75%.13¢!

The conclusions of the studies included in this review are
summarized in Table 1.12]

Table 1. The results obtained after using HIPEC for epithelial ovarian cancer (either in persistent or recurrent disease)

No. of 2-Yr 3-Yr 5-Yr Progression
Study at.ients(n) Drug used Dose Min T(C) OSs survival survival survival -free

> %) %) %) survival
D
ete;af;] 27 Cisplatin 25 mg/m?l 60 425 55 21.8, median
van der
Vange 5 Cisplatin 50/75 mg/m? 90 40 40
etal.
Pantei . )
ol o 16 Cisplatin 60/80/100 mg 90 4143 375

B
ie . o 19 Docetaxd 75 mg/m? 120 4143 43
Zanon . . 5 41.5- 28.1,
ot al 142 30 Cisplatin 100/150 mg/m 60 05 median 60
Cisplatin/
Raspagliesi Mitomycin 25/3.3 mg/ 41.4
a7 40 i m?l or 425 mear‘] 15 23.9, mean
' AN 4311525 mg
doxoru-bicin

Rufian . , 57,
et al 1% 33 Paclitaxel 60 mg/m 60 41-43 mesn 51
Helm Cisplatinor 100 mg/m? or 31, '
etal ¥ 18 mitomycin 40 mg % 428 ein P 10, median
Cotte - 20 mg/m?/l, 28.4, i
et al [ 81 Cisplatin max 80 mg 90 44-46 median 19.2, median

The above presented outcomes are not sufficiently conclu-
sive as they have included women with advanced or recurrent
OC and good prognostic factors and have excluded patients
with persistent disease after primary CS and platinum-based
intravenous chemotherapy. As mentioned in Table 1, the
median DFS are between 13-74 months in advanced OC,
and between 13 and 74 months in recurrent OC, while the
3-year and 5-year survival rates are higher compared to the
results from the control group (which received only surgical
treatment).

Recently, a randomized trial of CRS and HIPEC based on
cisplatin (100 mg/m?) and paclitaxel (175 mg/m?) for recur-
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rent FIGO stage IIIC and IV EOC reported a better mean
survival in the HIPEC arm (26.7 vs. 13.4 months), even
though randomization has been performed before the CS.[*!

It is worth to mention that the complication rates reported
for CS and HIPEC summarizes the complication rates of
the surgical and chemotherapeutic treatment. The mortality
rates for HIPEC in advanced and recurrent OC are between
0-5% and 0-10% respectively, higher than the rates in the co-
hort treated with adjuvant IP chemotherapy without HIPEC
(0-2%). In the latter case, only the complications resulted
from the six cycles of treatment have been reported.3%4>-44]
Furthermore, in recurrent disease, patients have previously
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undergone radical surgery with the aim of achieving a com-
plete primary CS. The data on mortality rates are similar to

those reported in other gastrointestinal malignancies. 346!

The reviewed information on HIPEC in advanced and recur-
rent EOC for 256 patients has also pointed out an signifi-
cantly increased rate of morbidity for HIPEC-, between 0 to
409.120:26,39,45471 Thege include:

e hematological toxicity (4.3%) when oxaliplatin was
used;

e increase of the creatinine value (3.9%) when cisplatin
was used;

e anastomotic gastrointestinal leaks (1.6%) and perfora-
tions (2.3% ) as a result of localized heat and cytotoxic
drugs;

e septic complications (10%) which include: wound in-
fection (4.3%), peritonitis (0.8%), and abscess (1.2%).

The rate of severe morbidity after CS alone in recurrent OC
is 11%.1481

2.4 Limitations of HIPEC and choice of chemotherapeu-
tic agents

Cisplatin has been used in the majority of HIPEC studies on

OC, but doxorubicin, mitomycin C, oxaliplatin, paclitaxel

and gemcitabine have also been employed.?!-27.2%.36,37.49-51]

The optimal agent should have the following characteris-
tics: 12281

e hydrosolubility;

e no or low peritoneal clearance, high peritoneal concen-
tration, and systemic clearance;

e increased cytotoxic effect with the help of hyperther-
mia.

The predictable restraints for the use of HIPEC are:[7-32!

o the necessity to deliver drugs into the peritoneal cavity
as the dissemination routes in OC can be also through
the lymphatic and venous system or through direct
invasion in the diaphragm. In these cases, IP delivery
is not effective.

e The achieved concentrations after IP administration
of platinum components are high so that further IP
instillation may not be reasonable. IP administration
may be limited to women with microscopic RD af-
ter debulking surgery, the reported tumor penetration
depth being between 1 and 2 mm.

e The above outlined complications after HIPEC are
generally known so that better scores of life quality
can be obtained after IP rather than with standard IV
therapy.

e HIPEC necessitates experienced gynaecological oncol-
ogists who can perform debulking surgery, as well as
medical oncologists and nurses who were trained for
the management of complications or other technical
issues.

3. CONCLUSION

Despite the large number of reports who presented their re-
sults after using HIPEC in EOC, further prospective large
randomized controlled trails are required in order to identify
the potential role of HIPEC in OC, accept HIPEC as part of
the treatment protocol for recurrent and persistent OC.

Further research regarding the following issues is necessary:

e a better understanding of mechanisms of action of
hyperthermia;

e a possible use of HIPEC as a targeted molecular ther-
apy; IP administration may be limited to women with
microscopic RD after debulking surgery, the reported
tumor penetration depth being between 1 and 2 mm.

e other modalities to deliver HIPEC such as the possi-
bility to develope a microwave technology in order to
deliver whole-abdomen hyperthermia;

o the possibility to create international collaboratory cen-
ters which can offer data regarding indications, tech-
nique ,mortality and morbidity rates, and prognostic
factors.
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