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ABSTRACT

Background. Cytoreductive surgery (CRS) and adminis-
tration of hyperthermic intraperitoneal chemotherapy
(HIPEC) have shown their efficacy in multiple malignan-
cies and also could offer a prognostic benefit for patients
with advanced ovarian cancer.

Methods. A prospective, single-center, parallel-group,
randomized phase 3 clinical trial analyzed patients with a
diagnosis of carcinomatosis from ovarian cancer treated
with neoadjuvant systemic chemotherapy (NACT). In this
trial, 71 patients were randomized to receive CRS alone
(36 patients) or CRS with HIPEC (35 patients) using cis-
platin (75 mg/m? for 60 min at 42 °C). The primary end
point was disease-free survival (DFS). Overall survival
(OS), morbidity, and quality of life (QoL) were the sec-
ondary end points.

Results. During a median follow-up period of 32 months,
the median DFS was 12 months in the control group (CRS)
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and 18 months in the experimental group (CRS and
HIPEC). The findings showed HIPEC to be an independent
protective factor against the development of recurrence
(hazard ratio [HR], 0.12, 95 % confidence interval [CI],
0.02-0.89; p = 0.038). The median OS was 45 months in
the control group and 52 months in the experimental group.
The respective morbidity rates for any grade (1 to 5) were
respectively 58.3 % and 45.7 % (p > 0.05), with a mortality
rates of 2.8 % and 2.9 % (p > 0.05). In the dimensions
evaluated, CRS with or without HIPEC had no impact on
QoL.

Conclusions. For patients who had advanced ovarian
cancer treated with NACT, CRS and HIPEC was associ-
ated with better DFS and OS, but without a difference in
postoperative morbidity, mortality, or in the QoL
evaluation.

Ovarian cancer is the most lethal gynecologic malig-
nancy. Up to 75 % of patients have gynecologic
malignancy diagnosed when it has spread within the peri-
toneal cavity.' Some clinical trials have evaluated the
administration of postoperative intraperitoneal chemother-
apy after primary cytoreductive surgery (CRS), reporting
better prognostic results’™ but low rates of therapeutic
compliance due to complications related to the catheter and
systemic toxicity.” Treatment with intraoperative hyper-
thermic intraperitoneal chemotherapy (HIPEC) proved to
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be useful for patients with peritoneal carcinomatosis from
different neoplasms,®™ and its use for patients with ovarian
cancer has been gaining attention.

The phase 3 clinical trial published by a Dutch group'’
reported a prognostic improvement in disease-free survival
(DFS) and overall survival (OS) for patients who had
epithelial ovarian cancer (EOC) treated with CRS and
HIPEC using cisplatin (100 mg/m* for 90 min at 42 °C)
versus a control group without HIPEC after systemic
neoadjuvant chemotherapy (NACT). The results in terms
of morbidity, mortality, and quality of life (QoL) were
similar between the two groups. Despite this, the use of
HIPEC after CRS in ovarian cancer continues to be dis-
cussed,'" although this treatment has generated interest in
the scientific community.

In this report, we describe the results of our single-
center, randomized, prospective phase 3 clinical trial of
interval CRS with or without HIPEC for patients with
peritoneal carcinomatosis from ovarian, fallopian tube, or
peritoneal cancer. The hypothesis of this study was that the
administration of HIPEC for patients with peritoneal car-
cinomatosis from ovarian cancer allows for reductions and
delays in the appearance of recurrences, thus increasing
DFS and OS without causing an increase in postoperative
morbidity, mortality, or subsequent QoL.

The main objective of this study was to investigate
whether the administration of HIPEC with cisplatin after
complete CRS improves DFS versus treatment with CRS
alone. The secondary objective was to evaluate differences
in OS, morbimortality, and QoL results.

METHODS
Trial Design

A prospective, randomized phase 3 clinical trial
(CARCINOHIPEC, NCT-02328716) was designed. This
study was conducted at the General and Digestive Surgery
Service of the Virgen de la Arrixaca University Hospital
(Murcia, Spain) within the Fundacidn para la “Formacién e
Investigacion Sanitarias” of the Region of Murcia (FFIS)
and the “Instituto Murciano de Investigacion Biosanitaria”
(IMIB). The clinical trial was analyzed and accepted by the
Ethics Committee of our hospital, and all patients signed
written informed consent.

Randomization and Masking
At the time of inclusion in the study, the patients were

randomized to undergo CRS alone (control arm) or CRS
followed by the administration of HIPEC (experimental

arm) using a simple blinded randomization system carried
out by an independent committee.

Patients

The study aimed to evaluate patients with a diagnosis of
primary EOC, tubal carcinoma, or primary peritoneal car-
cinoma (International Federation of Gynecology and
Obstetrics [FIGO] stage 3B/C) who had been treated with
three cycles of systemic NACT. The inclusion criteria
specified patients younger than 75 years with adequate
performance status (American Society of Anesthesiology
[ASA] 1-3, Eastern Cooperative Oncology Group [ECOG]
0-1) and adequate systemic function who consented to
participate in the study. The exclusion criteria ruled out
extra-abdominal extension of the disease, unre-
sectable peritoneal disease, intestinal obstruction, high
anesthetic risk (ASA 4), pregnancy, or history of other
malignant neoplasms.

Treatment

All the patients were treated with a minimum of three
cycles of systemic NACT with carboplatin (AUC 5) and
paclitaxel (175 mg/m?). Then, 4 weeks after the last cycle
of chemotherapy, surgical intervention was planned, start-
ing with a complete revision of the peritoneal cavity, to
establish the possibility of resection. The peritoneal disease
was quantified by calculating the Peritoneal Carcinomato-
sis Index (PCI), and the grade of cytoreduction achieved
was classified according to the completeness of cytore-
duction (CC) score as CC-0 (no visible macroscopic
disease) or CC-1 (tumor residue <2.5 mm).

At the end of the surgery, HIPEC was administered by
the open technique (Coliseum) to the patients of the
experimental arm according to the following scheme: cis-
platin 75 mg/m? diluted for perfusion in 3 L of dialysis
fluid (Dialisan, Shanghai Plop Medical Technology Co.,
Ltd. China), with circulation maintained in a constant flow
of 0.5 to 0.7 L/min longer than 60 min. Two intra-ab-
dominal thermometers positioned in the pelvis and
diaphragmatic area were used to monitor the temperature
during perfusion, with maintenance of a constant temper-
ature between 42 and 43 °C. During the intervention, the
temperature was strictly controlled through an esophageal
thermometer, with the objective of keeping the patient
normothermic (37 °C), using physical measures and
serotherapy.

The same effort was made for all the patients to achieve
complete cytoreduction regardless of the treatment arm.
All the patients were treated by the same surgical team.
After recovery and hospital discharge, up to six cycles of
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systemic adjuvant chemotherapy were completed per
patient with the same carboplatin and paclitaxel scheme.

Follow-up Evaluation

All adverse events during the first 30 days after surgery
were collected and classified according to the criteria
established by the National Cancer Institute (NCI-CTCAE
version 3.0).'% Quality-of-life parameters were evaluated
by the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire-Core 30 (EORTC
QLQ-C30) using the module for ovarian cancer (OV-28)
and the EuroQoL Quality of Life Scale (EQ-5D). The
questionnaires were completed with the help of medical
staff at the time the patients were included in the trial, then
again 3 months and 12 months after surgery. Follow-up
assessment with a thoraco-abdominal computed tomogra-
phy (CT) scan and a tumor marker (Cal25) was performed
every 3 months for the first 18 months, then every 6 months
until 5 years of follow-up evaluation.

End Points

The primary end point was DFS, defined as the time
from surgery to disease recurrence or death, whichever
occurred first. Criteria based on the serologic determination
of Cal25 and radiologic findings were used to diagnose
recurrent disease. The definitive diagnosis and the date
established for recurrence were determined based on the
results of imaging tests (CT/positron emission tomography
[PET]) or the date of histologic confirmation. The sec-
ondary end points were OS, morbidity, mortality, and
health-related QoL.

Statistical Analysis

The study was designed to recruit patients during a
period of 48 months. Considering the study population, the
expected frequency of the phenomenon was 0.025.
Assuming an error of 0.01 for a 95 % confidence interval
(CD), the sample size would imply the recruitment of 63
patients into each treatment arm of the study (n = 126) to
achieve differences of 20 %.

The survival analysis was performed according to
Kaplan-Meier curves, and comparison of the survival
curves was performed with the log-rank test. To determine
the association of the factors studied, a multivariate anal-
ysis of logistic regression was performed, obtaining an
odds ratio with a 95 % CI.

All the results with an o value lower than 0.05 were
considered significant. To study the evolution of the
patients’ QoL according to the treatment arm, two-factor
analysis of variance (ANOVA) tests were performed with

repeated measurements of one of the factors through the
general linear model (GLM) procedure and Cochran’s non-
parametric tests.

Role of the Funding Source

The funding was allocated for the monitoring and
insurance needed to conduct the clinical trial. The sponsor
had no role in the design of the study; in the collection,
analysis, and interpretation of the data, in the writing of the
report, or in the decision to submit the document for
publication.

RESULTS
Patient Characteristics

The recruitment period began in March 2012 and was
canceled in November 2018. The database was closed for
analysis on 1 February 2020, with a minimum follow-up
period of 15 months after the last patient was treated. Of
the 92 patients evaluated, 71 were included in the study
(Fig. 1). As detailed in Table 1, no significant differences
were found in the clinical, demographic, or intraoperative
variables between the two treatment groups, except for the
operating time, which included the HIPEC treatment phase
in the experimental arm.

DFS and OS

During a median follow-up period of 32 months, 49 (69
%) of the 71 patients had a disease recurrence event, and 34
patients (47.9 %) had a death event by the time the data-
base was closed. The median DFS was 12 months in the
control group (without HIPEC) and 18 months in the
experimental group (with HIPEC) (Fig. 2a), with a DFS
probability at 5 years of 23 % in the control group and 31
% 1in the experimental group.

The multivariate analysis showed that HIPEC was sig-
nificantly associated with a lower risk of recurrence during
the follow-up period (hazard ratio [HR], 0.12, 95 % CI,
0.02-0.89; p = 0.038; Table 2). The presence of disease in
the supramesocolic compartment also was significantly
associated with an increased risk of recurrence (HR, 3.48;
95 % CI, 1.14-10.64; p = 0.029). For the patients with
tumor disease at that location, HIPEC administration was
associated with increased DFS in the univariate analysis
(9.4 months in the control group and 24.1 months in
experimental group; p = 0,031; Fig. S3). The median OS
was 45 months in the control group and 52 months in the
experimental group (Fig. 2b). The probability of OS at 5
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92 Patients were registered

13 Patients were ineligible:
9 Did not meet the inclusion | |
criteria
4 Declined to participate

79 Patients underwent
randomization

38 Were assigned to CRS +
HIPEC
(Group B)

41 Were assigned to CRS
(Group A)

5 Were excluded and did not
recieve assigned tratment:

3 Were excluded and did not
recieve assigned tratment:

1 Patient because of the absence
of peritoneal disease (grade Ic)

1 Patient declined to participate |

4 Patients because of the finding
of unresectable disease

2 Patients because the finding of
unresectable disease

36 Patients recieved assigned
treatment (CRS)

35 Patients recieved assigned
treatment (CRS+HIPEC)

1 Patient was lost to follow-up
after 19 months

36 Patients were analyzed

0 Loss to follow-up

35 Patients were analyzed

FIG. 1 Flow chart

years was 25 % in the control group and 45 % in the
experimental group.

Morbidity, Mortality, and Quality of Life

An adverse event of any grade (1 to 5) developed for 37
patients (52.1 %). Some complication (grade 3, 4, or 5)
developed for 10 patients (27.8 %) in the control group and
10 patients in the experimental group (28.6 %). The dif-
ference between the two groups was not significant.
Table 3 details the type of complications in both groups.
The only difference was with surgical wound seroma,
which occurred more frequently in the control group. Two

patients died, one patient in the control group as a result of
septic shock and one patient in the HIPEC group due to the
development of Takotsubo cardiomyopathy (total mortality
of 2.8 %).]3 No anastomotic dehiscence was detected, and
only one patient in the control group required the perfor-
mance of a derivative stoma.

The average stay in the recovery unit was 1.4 days. The
overall hospital stay was 9.6 days, with tolerance starting in
an average of 1.8 days and similar results in both groups. In
the multivariate analysis, HIPEC showed no relationship
with the development of postoperative complications. The
only factor independently related to an adverse event of
any grade (1-5) was the presence of diabetes mellitus, with
the occurrence of severe adverse events (grades 3 to 5
diabetes mellitus and splenectomy; Tables S2 and S3). The
evaluation of all the dimensions related to the QoL showed
no significant differences in relation to whether the patient
was treated with or without HIPEC after CRS (Tables S4 to
S13).

DISCUSSION

Ovarian cancer is the most common cause of peritoneal
carcinomatosis in women. Despite optimal surgery, intra-
abdominal recurrence is frequent, prompting study of the
direct intraperitoneal route in the administration of
chemotherapy.

Several trials have demonstrated an increase in both OS
and DFS after normothermic intraperitoneal administration
of chemotherapy through an intraperitoneal catheter during
the late postoperative period.>~* The high systemic toxicity
and morbidity with a poor QoL associated with the treat-
ment* has not allowed the generalization of this
intraperitoneal chemotherapy scheme despite the favorable
prognostic results obtained.

In the management of ovarian cancer with peritoneal
dissemination, HIPEC is gaining attention. With HIPEC, a
single cycle of intraperitoneal chemotherapy administered
during surgery is associated with hyperthermia. The recent
publication of the results from the clinical trial conducted
by Van Driel et al.'” showed an improvement in both OS
(4+11.8 months) and DFS (+43.8 months) in favor of the
patients treated with CRS and HIPEC versus the control
group without HIPEC.'"* In our study, treatment with
HIPEC after CRS for patients who have advanced ovarian
cancer treated with NACT also improved DFS (+6
months) and OS (47 months), with no difference in post-
operative morbidity, mortality, or QoL.

Some systematic reviews and meta-analyses also have
reported a reduction in the risk of recurrence after the use
of HIPEC for patients with EOC.">~!” Recently, a Chinese
retrospective study using a propensity score on 584 patients
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TABLE 1 Baseline

oo . Variable CRS CRS + HIPEC p Value
cha.racterlstlcs, }ntraoperatlve (n = 36) (n = 35)
variables and histologic
characteristics n (%) n (%)
Baseline characteristics
Age: years (range) 65.5 (40-75) 56 (29-75) > 0.05
Previous comorbidity > 0.05
No 7 (19.4) 12 (34.3)
Yes 29 (80.6) 23 (65.7)
Tumor origin > 0.05
Ovary 34 (94.4) 30 (85.7)
Primary peritoneal 2 (5.6) 5 (14.3)
FIGO > 0.05
3 30 (83.3) 33 (94.3)
4 6 (16.7) 2 (5.7)
Intraoperative variables
PCI: score (range) 7 (2-29) 10 (2-22) > 0.05
N° affected areas (range) 6 (1-13) 5.5 (1-12) > 0.05
Digestive anastomoses > 0.05
No 23 (63.9) 24 (68.6)
Yes 13 (36.1) 11 (31.4)
Surgery procedures > 0.05
Bowel resection 13 (36.1) 11 (31.4)
Ostomy 1(2.8) 0
Supra-mesocolic 17(47.2) 17 (48.6)
Diaphragm 14 (38.9) 15 (42.9)
Lesser omentum 5 (13.8) 2(5.7)
Splenectomy 11 (30.5) 4 (11.4)
Lymphadenectomy 5(13.9) 9 (25.7)
Urinary resection 2 (5.6) 1(2.8)
N° resected areas 3 (3-12) 3 (3-8) > 0.05
Operative time: min (range) 220 (140-345) 300 (220-490) < 0.001
CCS > 0.05
CC-0 32 (88.9) 33 (94.3)
CC-1 4 (11.1) 2 (5.7)
Histologic characteristics
Lymph node involvement > 0.05
No 27 (75) 28 (80)
Yes 9 (25) 7 (20)

CRS, cytoreductive surgery, HIPEC, hyperthermic intraperitoneal chemotherapy; FIGO, International
Federation of Gynecology and Obstetrics stage; PCI, Peritoneal Carcinomatosis Index; CCS, Completeness
of Cytoreduction Score; CC, Completeness of Cytoreduction

with newly diagnosed ovarian cancer but no previous
neoadjuvant treatment showed an improvement in OS
results (415 months in the median OS and +10.8 % in the
OS at 3 years) favoring HIPEC treatment with cisplatin at a
dose of 50 rng/m.z’18 However, criticism of HIPEC treat-
ment for ovarian cancer remains frequent and intense.'*°

The current clinical trial was designed for an initial
sample of 126 patients. After a period of 6 years and 8
months, 79 patients were selected, and 71 of these patients
finally participated in the study. Due to a lack of funding to
increase the participation of other centers in the recruit-
ment, and especially due to the refusal of the patients to
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FIG. 2 Progression-free and (a)
overall survival

Disease-free survival.
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participate after hearing the results obtained in the Van
Driel et al.'? trial, it was decided to suspend the recruitment
of new patients after consulting the ethical committee.
This study had some limitations. First, it was not pos-
sible to reach the sample size initially proposed. However,
HIPEC was an independent factor related to a lower risk of
relapse (8 times lower than for the patients in the control
group), which was the main objective of the study. If
HIPEC treatment is effective for the minimal residual
component of the disease, which is responsible for the
recurrence, it seems that the time to recurrence (DFS) is the
factor that will be most influenced after its administration.
The sample size and the fact that relapse implies a great
variety of clinical scenarios (sensitivity to platinum,

Time since surgery (months)

possibility of treatment with multiple chemotherapy lines,
characteristics and location of the relapse, and patient
variables) justify the conclusion that the statistical signifi-
cance of OS, a clinically valuable outcome, has not been
reached.?! Furthermore, treatment with HIPEC was not
related to differences in morbidity, mortality, or QoL in
relation to the control group.

Second, randomization was performed before the sur-
gical procedure and at the end of the CRS. In our center,
HIPEC treatment involves the participation of multiple
professionals (e.g., medical oncologists, pharmacists, per-
fusionists and specialized nursing staff, occupational health
personnel) and specific equipment (e.g., perfusion pump,




CRS plus HIPEC in advanced ovarian cancer 2623

TABL_E 2 Multivariate. Variable Cox regression

analysis of recurrence risk

B (SE) Wald HR (95 % CI) p Value

HIPEC (yes vs no) —2.14 (1.03) 4.293 0.12 (0.02-0.89) 0.038
Age 0.02 (0.03) 0.36 1.02 (0.97-1.07) 0.548
Previous comorbidity (yes vs no) - 0.79 (0.52) 2.315 0.45 (0.16-1.26) 0.128
Previous surgery (yes vs no) 0.52 (0.55) 0.865 1.67 (0.57-4.96) 0.352
FIGO (4 vs 3) 1.54 (0.80) 3.692 4.66 (0.97-22.43) 0.055
Anesthetic risk (ASA 3 vs 1-2) 0.77 (0.43) 3.277 2.17 (0.94-5.00) 0.07
N° cycles NACT 0.06 (0.19) 0.098 1.06 (0.73-1.55) 0.755
PCI 0.16 (0.10) 2.812 1.18 (0.97-1.43) 0.094
N° affected areas —0.33 (0.20) 2.926 0.72 (0.49-1.05) 0.087
N° resected areas - 0.29 (0.20) 2.142 0.75 (0.51-1.10) 0.143
Lymphadenectomy (yes vs no) - 0.21 (0.70) 0.093 0.81 (0.21-3.16) 0.761
CCS (CC-1 vs CC-0) 0.77 (0.79) 0.97 2.17 (0.47-10.12) 0.325
Operative time 0.02 (0.01) 8.107 1.02 (1.01-1.04) 0.004
Anastomosis (yes vs no) - 0.22 (0.58) 0.141 0.81 (0.26-2.49) 0.707
Supra-mesocolic (yes vs no) 1.25 (0.57) 4.757 3.48 (1.14-10.64) 0.029

TABLE 3 Adverse events
during hospital stay or 4 weeks
after cytoreductive surgery
(with or without HIPEC)

SE, standard error of the mean; HR, hazard ratio; CI, confidence interval; HIPEC, hyperthermic
intraperitoneal chemotherapy; ASA, American Society of Anesthesiology; PCI, Peritoneal Carcinomatosis
Index; CCS, Completeness of Cytoreduction Score; CC, Completeness of Cytoreduction

Adverse evento Surgery Surgery + HIPEC

(n =36) (n = 35)

n (%) n (%)

Any grade Grades 3-5 Any grade Grades 3-5
Ileus 9 (25) 4 (11.1) 4 (11.4) 2 (5.7)
Anemia 4 (11.1) 3(8.3) 5(14.3) 4 (11.4)
Seroma 7 (19.4) 0 0 0
Intra-abdomial abscess 3 (8.3) 2 (5.5) 2 (5.7 1.9
Hematuria 1(2.8) 0 3 (8.6) 0
Acute kidney failure 2(5.6) 0 1.9 0
Urinary tract infection 1(2.8) 0 1(2.9) 0
Disorientation 0 0 2 (5.7 0
Wound infection 2 (5.6) 0 0 0
Respiratory failure 1(2.8) 0 0 0
Fever without focus 0 0 129 0
Heart failure 1(2.8) 0 0 0
Tako-tsubo 0 0 1(2.9) 129
Hydronephrosis 0 0 1(2.9) 129
Lymphocele 1(2.8) 1(2.8) 0 0
Hemoperitoneum® 0 0 1(2.9) 1(2.9)
Hematoma of abdominal wall 0 0 1(2.9) 0
Total 32 10 23 10

‘*Hemoperitoneum was defined as anemization and evidence of blood content in drainage or abdominal

cavity through imaging tests.

HIPEC, hyperthermic intraperitoneal chemotherapy
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specific operating room, extended time), which makes it
difficult to mobilize a number of resources systematically
for the care of half the patients.

Currently, the ideal HIPEC protocol with intraperitoneal
cisplatin continues to be discussed. Traditionally, the main
adverse effect described has been the nephrotoxicity of
cisplatin, whose rate ranges from 28 % to 36 % after sys-
temic administration at a dose of 50 mg/m.** Although
some data suggest that at an 80-mg/m?> dose of intraperi-
toneal cisplatin can increase systemic toxicity and renal
dysfunction,” Van Driel et al.' reported a rate of renal
failure similar to ours (2 % after CRS and 4 % after CRS
with HIPEC) with a dose of 100 mg/m? during 90 min and
the use of sodium thiosulphate for nephroprotection.

In our series, the rate of acute renal failure with a dose
of 75 mg/m? during 60 min was similar to that of the
control group without the use of sodium thiosulphate (5.5
% after CRS and 2.9 % after CRS and HIPEC; p > 0.05).
The optimal perfusion time also remains to be determined.
As Gardner™® explained, after a certain time of peritoneal
exposure of cisplatin, a plateau for the cytotoxic effect is
reached. As a result, longer infusions may not offer any
additional advantage, with an increased risk of systemic
toxicity.

In our study, the administration of HIPEC was not
related in the uni- or multivariate analysis to adverse events
of any grade or to high-grade adverse events. The only
complication that showed an unequal distribution between
the two groups was surgical wound seroma. The effect of
HIPEC on wound healing has been previously studied, and
a deficit in healing with platinum-based chemotherapy and
consequent decrease in tensile wound strength has been
described.”> However, this phenomenon does not explain
the reduction of seromas in the experimental group, so we
think that this result may be due to chance. None of the 24
patients who underwent some type of digestive anasto-
mosis experienced dehiscence during the postoperative
period. However, the number of infectious complications
was significantly higher among the patients with an anas-
tomosis than among those without an anastomosis (20.8 %
vs 4.3 %; p = 0.04). The derivative stoma was accurate for
only one patient (temporary protective ileostomy).

Similar to other groups, we consider that the morbidity
associated with intestinal resection is acceptable and
therefore should be safely considered if necessary for
complete elimination of the disease.”® Among the patients
in our study who underwent a splenectomy, we observed an
increase in infectious complications (26.7 % vs 5.4 % of
patients without splenectomy; p = 0.032) such as intra-
abdominal abscesses and surgical wound infections.
Quality of life did not differ between the two treatment
groups and remained stable during monitoring.

Based on the previously published evidence and in view
of the results from the current study, we consider that
HIPEC offers a prognostic advantage for patients with
ovarian peritoneal carcinomatosis after NACT treatment
without affecting the postoperative morbidity, mortality, or
QoL associated with the procedure. Treatment with HIPEC
after optimal CRS should be seriously considered for these
patients.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1245/s10434-
021-11087-7.
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