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ABSTRACT

Background. The current treatment of ovarian cancer
consists of cytoreductive surgery (CRS) and systemic
chemotherapy. The aim of this study was to examine if
hyperthermic intraperitoneal chemotherapy (HIPEC) is an
alternative modality to treat this category of patients along
with a second attempt of surgical resection and second- or
third-line systemic chemotherapy afterward.

Methods. Inan 8-year period (2006-2013), 120 women with
advanced ovarian cancer (International Federation of Gyne-
cology and Obstetrics [FIGO] III, and IV) who experienced
disease recurrence after initial treatment with conservative or
debulking surgery and systemic chemotherapy were ran-
domized into two groups. Group A comprised 60 patients
treated with CRS followed by HIPEC and then systemic
chemotherapy. Group B comprised 60 patients treated with
CRS only and systemic chemotherapy.

Results. The mean survival for group A was 26.7 versus
13.4 months in group B (p < 0.006). Three-year survival
was 75 % for group A versus 18 % for group B (p < 0.01).
In the HIPEC group, the mean survival was not different
between patients with platinum-resistant disease versus
platinum-sensitive disease (26.6 vs. 26.8 months). On the
other hand, in the non-HIPEC group, there was a
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statistically significant difference between platinum-sensi-
tive versus platinum-resistant disease (15.2  vs.
10.2 months, p < 0.002). Complete cytoreduction was
associated with longer survival. Patients with a peritoneal
cancer index score of <15 appeared also to have longer
survival.

Conclusions. The use of HIPEC along with the extent of
the disease and the extent of cytoreduction play an
important role in the survival of patients with recurrence in
an initially advanced ovarian cancer.

The most common cause of primary ovarian malignancy
is epithelial carcinoma, accounting for 95 % of ovarian
neoplasia. Its exact cause has not yet been identified;
however, many several pathophysiologic mechanisms have
been suggested, including the dedifferentiation of ovarian
surface epithelium or the attachment of distal fallopian tube
cells to the ovary during ovulation.’

The lifetime risk of epithelial ovarian cancer (EOC) is 1
of 70 women; it is the leading cause of death related to
gynecologic malignancy.>® As a result of its indolent
clinical course, EOC tends to be diagnosed at an advanced
stage, often resulting in unfavorable outcomes because
disease stage at diagnosis is the most significant prognostic
factor.*

EOC metastasizes locally or via blood vessels and
lymphatics. Nonetheless, one of its most distinct features is
the tendency to disseminate into the peritoneal cavity,
causing peritoneal carcinomatosis, indicative of advanced
stage disease.

So far the standard of care for ovarian cancer has been
surgery followed by systemic chemotherapy. However,
treatment with cytoreductive surgery (CRS), as described
by Sugarbaker, and hyperthermic intraperitoneal chemo-
therapy (HIPEC) is another approach, showing promising
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TABLE 1 Characteristics of 120 patients Survival Functions
Characteristic HIPEC Non-HIPEC 1.0+ HIPEC
— NO HIPEC
n HIPEC
=+ NO HIPEC-censored
60 60 08 HIPEC-censored
Mean age, years ’
58.3 58.1
Mean no. of cycles of adjuvant chemotherapy
5 5 T; 0.6+
Mean preoperative CA-125 value (U/ml) é
83.7 80.5 fg
Characteristic HIPEC  Non-HIPEC 3 0.4
n % n %
Stage 0.2
111, 41 683 35 583
v 19 31.7 25 41.7
Platinum responsiveness 0.07
Sensitive 38 633 36 60 0 20 40 0 %0
Resistant 22 36.7 24 40 MONTHS AT SURVIVAL
Ascites
Yes 18 30 16 26.7 FIG. 1 Kaplan-Meier survival plot, HIPEC versus no HIPEC,
p = 0.006
No 42 70 44 73.3

Optimal cytoreduction at primary surgery 51 85 46 76.6
PCI

PCI <5 7 11.7 8 133

5 <PCI<10 24 40 22 36.7

PCI > 10 29 483 30 50
CcC

CC-0 39 65 33 55

CC-1 12 20 20 333

CC-2 9 15 7 11.7

HIPEC hyperthermic intraperitoneal chemotherapy, PCI peritoneal
carcinomatosis index, CC completeness of cytoreduction

results.” CRS consists of peritonectomy procedures and
visceral resections aimed at the complete removal of tumor
from the abdominal cavity. The most common chemo-
therapeutic agents used in HIPEC for EOC are cisplatin,
doxorubicin, and paclitaxel.

Here we present a series of patients diagnosed with
advanced EOC (stages IIl. and IV), randomized for the
application of HIPEC, and patient outcomes in terms of
survival and recurrence.

PATIENTS AND METHODS

Over a period of 8 years (2006-2013), our team has
treated 120 women with stage III. and IV EOC who
experienced disease recurrence after initial treatment with
CRS or debulking surgery and systemic chemotherapy.
Using online statistic tools (GraphPad Software), the

patients were randomized preoperatively into two groups
with similar demographic, clinical, and therapeutic features
(Table 1). Randomization was performed by a member of
the Department of Statistical Analysis who did not have
any information regarding patient characteristics or medi-
cal records. Power analysis yielded a minimum of 33
patients, and the accrual goal was met. The exclusion cri-
teria were as follows: Gynecologic Oncology Group
(GOG) performance status 3 or 4; evidence of pleural
disease or lung metastasis; more than three sites of bowel
obstruction; and evidence of bulking disease in retroperi-
toneal area or on the mesentery. The inclusion criteria were
as follows: women aged between 18 and 70 years with
recurrent ovarian cancer; GOG performance status 1 or 2;
no evidence of disease beyond the abdomen; and no
splanchnic metastasis.

In the first group of patients (group A, n = 60), CRS
was followed by the administration of HIPEC and sub-
sequent systemic chemotherapy. Specifically, the HIPEC
protocols used were as follows: for platinum-sensitive
disease (n = 34): cisplatin 100 mg/m* and paclitaxel
175 mg/m? delivered for 60 min at 42.5 °C; for platinum-
resistant disease (n = 26): doxorubicin 35 rng/m2 and
(paclitaxel 175 mg/m? or mitomycin 15 mg/m?) delivered
for 60 min at 42.5 °C. In 40 of these patients, HIPEC was
performed using the open (coliseum) technique, while on
the remaining 20 the closed technique was performed.

The second group of patients (group B, n = 60)
underwent CRS followed by systemic chemotherapy.
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All patients were operated on by the same surgical team.
Each patient was informed about inclusion onto the study
and the possible surgical complications, and each signed a
consent form approved by the ethics committee of the
hospital. Each case was presented at the hospital’s multi-
disciplinary team and was discussed before surgical
management.

Study outcome was mean overall survival (OS)
depending on disease stage, platinum responsiveness,
completeness of cytoreduction (CC score), peritoneal
cancer index (PCI), and treatment with HIPEC.

Statistical analysis was performed by SPSS software,
version 17 (IBM).

RESULTS

Mean OS in the HIPEC group was 26.7 versus
13.4 months in the non-HIPEC group, yielding a statisti-
cally significant difference (p = 0.006) (Fig. 1).
HIPEC versus No HIPEC

In stage III. disease, survival was 26.9 months in the
HIPEC group versus 14.2 months in the non-HIPEC group.

In stage IV disease, survival was 26.4 months in the HI-

TABLE 2 Survival by disease stage

Mean Stage III. survival Stage IV survival
survival (months) (months)

HIPEC 26.9 26.4

Non-HIPEC  14.2 11.9

HIPEC hyperthermic intraperitoneal chemotherapy
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PEC group versus 11.9 months in the non-HIPEC group
(Table 2). In platinum-sensitive disease, survival was sig-
nificantly higher in the HIPEC group (26.8 vs. 15.2 months
in the non-HIPEC group, p = 0.035) (Fig. 2a). In plati-
num-resistant disease, no such difference was observed
(26.6 months in the HIPEC group vs. 10.2 months in the
non-HIPEC group, NS) (Fig. 2b).

HIPEC Group

In the HIPEC group, survival was 26.9 months for stage
III. disease versus 26.4 months for stage IV disease. Also,
when examined per responsiveness to platinum-based
chemotherapy, patients with both platinum-sensitive and
platinum-resistant disease had similar mean OS after HI-
PEC administration (26.6 months for platinum-resistant
and 26.8 months for platinum-sensitive disease,
p = 0.287).

When the HIPEC patients were examined separately
according to platinum responsiveness and disease stage, no
statistically significant differences in survival were identi-
fied. In particular, in stage III. disease, the survival was
similar between platinum-sensitive (27.28 months) and
platinum-resistant (26.08 months) disease. Respectively, in
stage IV disease, no difference was detected in the survival
of those with platinum-sensitive (25.4 months) versus
platinum-resistant (27 months) disease. Accordingly,
patients with platinum-resistant disease had similar sur-
vival, irrespective of the disease stage (26.8 months for
stage Il vs. 27 months for stage IV disease). The results
were similar for patients with platinum-sensitive disease
(27.28 months for stage III. vs. 25.4 months for stage IV
disease) (Table 3).
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FIG. 2 a Kaplan—-Meier survival plot, platinum-sensitive disease, HIPEC versus no HIPEC, p = 0.035. b Kaplan—Meier survival plot, platinum-

resistant disease, HIPEC versus no HIPEC
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TABLE 3 Survival by stage and platinum responsiveness by HIPEC
group

Mean survival Stage III. survival Stage IV survival

(months) (months)
HIPEC group
Platinum 27.28 254
sensitive
Platinum 26.08 27
resistant
Non-HIPEC group
Platinum 15.7 13.5
sensitive
Platinum 10.7 9.37

resistant

HIPEC hyperthermic intraperitoneal chemotherapy
Non-HIPEC Group

Mean survival in the non-HIPEC group was
14.2 months for III. stage disease and 11.9 months for
stage IV disease. Patients with platinum-resistant disease
had a mean survival of 10.2 months, while patients with
platinum-sensitive disease had a mean survival of
15.2 months (p = 0.002). This statistically significant dif-
ference was not present in the HIPEC group.

When the second group of patients was studied sepa-
rately according to platinum responsiveness and disease
stage, no statistically significant differences were observed.
In stage III. disease, patients with platinum-sensitive dis-
ease had a survival of 15.7 months versus 10.7 months in
patients with platinum-resistant disease (NS). In stage IV
disease, similarly, no statistically significant differences
were detected (13.5 months for platinum-sensitive vs.
9.37 months for platinum-resistant disease). In platinum-
resistant disease, no statistically significant differences
were observed between the two stages (10.7 months for
stage III. disease vs. 9.37 months for stage IV disease).
Respectively, survival was similar between stage III.
(15.7 months) and stage IV (13.5 months) disease in
patients with platinum-sensitive disease (Table 3).

CC Score

Survival in the HIPEC group versus the non-HIPEC
group was as follows. In the HIPEC group, survival was
30.9 months when a CC score of zero (CC-0) was
achieved, 23.9 months for CC-1, and 12.1 months for CC-
2. In the non-HIPEC group, in CC-0 survival was
16.1 months, in CC-1 it was 11 months, and in CC-2 sur-
vival was 6.7 months. In CC-0 cytoreduction, survival was
significantly higher in the HIPEC group (30.9 months vs.
16.9 months in the non-HIPEC group, p = 0.038).

Moreover, in the non-HIPEC group, survival was signifi-
cantly prolonged when the score was CC-0 (16.1 months in
CC-0 vs. 6.7 months in CC-2, p = 0.002).

Peritoneal Cancer Index

In the HIPEC group, survival for PCI < 15 was
30.4 months, while in PCI > 15 it was 21.5 months. In the
non-HIPEC group, survival was 15.4 months for PCI < 15
and 9.2 months for PCI > 15 (p = 0.012). Survival in the
HIPEC versus the non-HIPEC group was significantly
higher, both in PCI <15 (p = 0.031) and PCI > 15
(p = 0.049).

DISCUSSION

The need for randomized studies of the implementation
of CRS and HIPEC has been often reported. To our
knowledge, this is the first randomized study to identify the
role of HIPEC in recurrent EOC (REOC). HIPEC appears
to hold a significant position in the management of REOC:
in our study population, it significantly prolonged OS (26.7
vs. 13.4 months in the non-HIPEC group, p = 0.006).

EOC is the most common cause of primary ovarian
malignancy; it is also the leading cause of death from
gynecologic malignancy.>® With its indolent clinical
course, EOC is often (60 %) diagnosed at an advanced
stage, and it characteristically tends to disseminate intra-
peritoneally.* Moreover, 60 % of advanced EOC patients
will experience recurrence in the first 3 years after diag-
nosis and treatment.®

CRS and HIPEC has been implemented at several time
points in the course of the disease, making the timing of
HIPEC in the disease course a most important issue.”®
CRS and HIPEC have shown maximum efficacy when
applied either after neoadjuvant chemotherapy without
previous resection (interval HIPEC) or after initial CRS
and a full course of adjuvant chemotherapy in patients with
a clinically complete response (consolidation HIPEC).’

In a recent review of recurrent EOC patient series,
median OS and median disease-free survival after CRS and
HIPEC and subsequent adjuvant chemotherapy were 15—
57 months and 3-48 months, respectively, while 5-year OS
and 5-year disease-free survival were 18-57 % and 0O-
12.5 % respectively. When a complete cytoreduction was
achieved, median OS was 97.4 months and 5-year OS was
63-67 %.° Our results of 26.7 months for OS are in
accordance with previous experience.

Two phase III trials have attempted to determine whe-
ther interval CRS after adjuvant chemotherapy adds a
survival benefit, with conflicting results. The European
Organisation for Research and Treatment of Cancer
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(EORTC) trial identified a 6-month survival advantage in
patients reexplored after three cycles of chemotherapy,
while GOG reported no such benefit, pointing out the
importance of initial cytoreduction.'""!

The extent of cytoreduction is one of the most crucial
prognostic factors, greatly improving OS, in all disease
stages, when HIPEC follows a complete cytoreduction
(CC-0 or CC-1)."* Many series have reported a relationship
between survival and surgical outcome, indicating com-
pleteness of cytoreduction as the strongest predictor of
survival.'® This prognostic effect has been reported in
many patient series, such as the HYPER-O registry, which
also identified it as a prognostic factor in multivariate
analysis.” Our results confirm previous reports: we found
that the effect of HIPEC is maximized when a complete
cytoreduction is achieved, leading to statistically signifi-
cantly prolonged survival.

Regarding the choice of the intraperitoneal chemother-
apeutic drug used in recurrent ovarian cancer, there has
been no consensus.”'*'® Our team used cisplatin and
paclitaxel in platinum-sensitive disease, and doxorubicin
and paclitaxel or mitomycin in platinum-resistant disease.

For the subsequent systemic therapy, single-agent ther-
apy seems to be an important option in the therapeutic plan
of platinum-resistant patients, taking into consideration the
cumulative toxicity from previous treatment. Numerous
agents are available, such as gemcitabine, pegylated lipo-
somal doxorubicin (PLD), topotecan, paclitaxel, docetaxel,
oral etoposide, and hormonal agents."?

One of the significant findings of our study is that in the
HIPEC group, similar survival was observed both in plat-
inum-sensitive and platinum-resistant disease, which is not
the case in the non-HIPEC group. This observation can be
attributed to several reasons.

First, the role of hyperthermia needs to be evaluated.
One possible explanation is that the increased temperature
leads to the activation of heat-shock proteins, which in turn
modify multiple cellular functions through their interfer-
ence with protein folding. It is known that neoplastic cells
express higher amounts of heat-shock proteins, therefore
becoming more susceptible to the effect of hyperthermia.'’

Another possible interpretation is that the administration
of doxorubicin intraperitoneally modifies the response of
remaining neoplastic cells to systematic chemotherapy.
This effect of anthracycline use remains to be identified.

Moreover, one probable effect of hyperthermic chem-
operfusion is epigenetic alterations.'® These modifications
are another mechanism that may explain the effect of HI-
PEC in altering responsiveness to platinum-based
chemotherapy.

Finally, intraperitoneal administration provided imme-
diately after surgery, before the formation of adhesions,
and the pharmacokinetic advantages of intraperitoneal

versus intravenous chemotherapy may contribute to this
phenomenon.

Bakrin et al. have reported similar results.'*' In a
multicenter French study including 474 REOC patients,
patients with platinum-resistant and platinum-sensitive
disease treated with optimal cytoreduction had a similar
survival of 51.6 and 47.2 months, respectively (NS)." In
our study accordingly, survival was 26.6 months in plati-
num-sensitive and 26.8 months in platinum-resistant
disease (NS).

Several recent studies have been attempting to identify
the role of CRS and HIPEC in recurrent EOC.

Our team has previously reported a series of 28 recurrent
EOC patients, in 14 of whom CRS was followed by HIPEC
and systemic chemotherapy, while in the remaining 14
CRS was followed only by systemic chemotherapy. The
results were significantly better in the HIPEC group, with a
1- and 3-year OS of 90 and 30 %, respectively.?’

A case—control study by Fagotti et al. compared survival
data in 30 platinum-sensitive EOC patients undergoing
secondary CRS and HIPEC versus 37 patients who did not
undergo HIPEC. Statistically significant results were
reported in favor of the HIPEC group regarding the rates of
secondary recurrence, the duration of secondary response,
and mortality, with a disease-free survival of 26 months in
the HIPEC group versus 15 months in the non-HIPEC
group.”!

So far, the management of REOC is based up systemic
chemotherapy. However, the need for an alternative treat-
ment modality has been pointed out by Stathopoulos et al.,
who state that multiple chemotherapy lines (3-9 lines) do
not offer a survival benefit versus 1 or 2 lines.*

The need for appropriate surgical management of
recurrent EOC has been shown in a study by Fotopoulou
et al., describing tertiary CRS in the course of treatment of
patients with multiple relapses.”’

As in previously reported series, our study confirms the
importance of complete cytoreduction. EOC follows a
pattern of intraperitoneal dissemination and presents as a
locoregional disease. The effort to minimize remnant dis-
ease aims to improve chemotherapeutic penetration in
neoplastic tissue and also acts protectively against che-
moresistance, given that less disease burden requires fewer
cycles of systemic chemotherapy.**

CONCLUSIONS

CRS and HIPEC offer a significant survival benefit to
patients with recurrent EOC. This observation applies to
both platinum-sensitive and platinum-resistant disease.
Maximum efficacy of HIPEC is noted when complete cy-
toreduction is achieved.
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