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Objective
To investigate the therapeutic efficacy of hyperthermic intraperitoneal chemotherapy (HIPEC) as consolidation
treatment after completing first-line treatment in patients with advanced ovarian cancer.

Methods

A retrospective chart review was conducted on patients treated at the Comprehensive Gynecologic Cancer Center
between January 2014 and 2019. Based on the inclusion criteria, 24 eligible patients who received HIPEC (paclitaxel
175 mg/m?, for 90 minutes, at 42°C) (HIPEC group) as consolidation treatment after terminating the adjuvant
chemotherapy were identified. Another 24 patients who met the inclusion criteria and did not receive HIPEC were
matched, representing the non-HIPEC group. Disease-free survival (DFS) and overall survival (OS) were examined
between the two groups.

Results

The median DFS was 28.7 and 24.2 months in the HIPEC and non-HIPEC groups, respectively (P=0.688). The 3-year
DFS rates in the HIPEC and non-HPEC groups were 39.5% and 32.6%, respectively. However, the median OS was not
determined. The 5-year OS rates in the HIPEC and non-HIPEC groups were 86.2% and 81.3%, respectively (P=0.850).
One patient developed grade 3 neutropenia. Other patients experienced mild adverse events after HIPEC.

Conclusion

This study suggests that consolidation HIPEC could not support the survival benefit after completing the first-line
treatment for patients with advanced ovarian cancer, although no severe specific safety issues were found. Therefore,
randomized trials evaluating consolidation HIPEC for the management of ovarian cancer are warranted.

Keywords: Ovarian neoplasm; Hyperthermic intraperitoneal chemotherapy; Intraperitoneal; Chemotherapy

Introduction
Received: 2021.03.12. Revised: 2021.05.31. Accepted: 2021.07.15.

Ovarian cancer is considered to have the highest mortal-
ity rate among all gynecological malignancies. Due to the
absence of specific symptoms in the early stage and reliable
screening tests, the majority of patients are diagnosed at
advanced stages, where cancer spreads beyond the ovaries
to the peritoneal seeding [1]. The current standard treat-
ment for advanced ovarian cancer involves maximum effort
to reduce the tumor burden through optimal cytoreductive
surgery (CRS), followed by platinum-based systemic chemo-

www.ogscience.org

Corresponding author: Min Chul Choi, MD

Comprehensive Gynecologic Cancer Center, CHA Bundang
Medical Center, 59 Yatap-ro, Bundang-gu, Seongnam 13496, Korea
E-mail: oursk79@cha.ac.kr
https://orcid.org//0000-0003-4509-6731

Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of
the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2021 Korean Society of Obstetrics and Gynecology

437


http://crossmark.crossref.org/dialog/?doi=10.5468/ogs.21093&domain=pdf&date_stamp=2021-09-15

Obstetrics & Gynecology Science
Vol. 64, No. 5, 2021

therapy. If upfront CRS is not feasible, interval debulking sur-
gery (IDS) can be performed after three cycles of neoadjuvant
chemotherapy [2]. Despite these standard treatments, most
patients experience relapse and eventually die [3]. The 5-year
survival rate of women diagnosed with advanced ovarian
cancer has changed slightly over the past few years but is still
around 20-30%. Therefore, several innovative attempts have
been made to enhance the efficacy of conventional treat-
ments and improve survival outcomes.

Intraperitoneal (IP) chemotherapy is one of the attempted
methods. Tumors in advanced ovarian cancer primarily
spread to the peritoneal cavity, the main site of tumor recur-
rence. Therefore, local treatment strategies appear to be an
ideal approach. Intravenous (IV) chemotherapy combined
with IP chemotherapy significantly improved progression-
free survival (24 vs. 18 months; P=0.05; risk ratio [RR], 0.80)
and overall survival (OS; 66 vs. 50 months; P=0.03; RR, 0.75)
compared with those of conventional IV chemotherapy in
patients with optimally debulked stage Ill ovarian cancer [4].
IP chemotherapy increases drug concentration within the ab-
dominal cavity multiple folds, and significantly delayed drug
clearance from the peritoneal cavity prolongs the duration of
drug exposure. However, some factors, including catheter-
related problems, toxicities, and postoperative adhesions that
may hinder penetration, have been identified as potential
barriers to applying this approach in routine clinical practice
[4,5].

Hyperthermic IP chemotherapy (HIPEC) is a modified and
attenuated IP chemotherapy method that delivers chemo-
therapy into the peritoneal cavity during surgery under
hyperthermic conditions. Delivering IP chemotherapy at the
end of surgery and subsequent extraction can circumvent
most drawbacks of IP chemotherapy while maintaining its
advantages. Hyperthermia ranging from 42°C to 45°C has a
cytotoxic effect on tumor cells, enhances the penetration of
the chemotherapy, and induces tumor cell death via multiple
mechanisms. These include impairment of DNA repair, inhibi-
tion of angiogenesis, and induction of apoptosis [6-8].

In 2018, van Driel et al. [9] reported a randomized phase Il
trial to evaluate the efficacy of HIPEC during IDS after neo-
adjuvant chemotherapy in patients with stage Ill ovarian can-
cer. A significant advantage in recurrence-free survival (14.2
vs. 10.7 months, P=0.003) and OS (45.7 vs. 33.9 months,
P=0.002) was observed in the IDS with HIPEC group as com-
pared to those in the IDS-alone group, without higher inci-
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dence of adverse events. Despite these encouraging results,
the effectiveness of HIPEC as consolidation therapy remains
controversial. Therefore, this study aimed to investigate the
therapeutic efficacy of HIPEC as consolidation treatment af-
ter completing first-line treatment for patients with advanced
ovarian cancer.

Materials and methods

A retrospective chart review was conducted on patients
treated at the Comprehensive Gynecologic Cancer Center,
Bundang CHA Medical Center, between January 2014 and
2019. A total of 49 patients undergoing HIPEC met the
following inclusion criteria and were selected as study can-
didates: (1) pathological confirmation of stage Ill or higher
epithelial ovarian, fallopian tube, or peritoneal cancer based
on the International Federation of Gynecology and Obstet-
rics (FIGO) classification 2014 and (2) partial or complete
response after the optimal primary CRS and 6-9 cycles of
standard platinum-based adjuvant chemotherapy. Among
them, 24 patients who received HIPEC as the consolidation
treatment were classified into the HIPEC group, and 25 were
excluded for the following reasons: HIPEC performed with
primary CRS (n=1), IDS (n=11), or secondary CRS (n=9), and
pathologic confirmation of pseudomyxoma peritonei (n=4).
Another 24 patients who met the criteria and did not un-
dergo HIPEC were matched to the non-HIPEC group. This
study was approved by the institutional review board (CHA
IRB 2018-11-049).

HIPEC was performed within 3 weeks after completion of
adjuvant chemotherapy, based on the eligibility criteria. The
patient was placed in the supine position in the operating
room and administered general anesthesia. A midline incision
was made and the peritoneal cavity was comprehensively
explored. If any suspicious lesions were detected, they were
surgically removed, and delicate adhesiolysis was performed.
After confirming the absence of tumor remnants and adhe-
sion formation, HIPEC was initiated using the open coliseum
method. The procedure was performed by three gynecologic
oncologists (J. M. L, C. L, and M. C. C)).

Paclitaxel was administered intraperitoneally at a dose of
175 mg/m” and mixed in 2,500-3,000 mL of normal saline.
The diluted solution was heated at a target temperature of
41.5-42.0°C and continuously circulated into the abdomi-
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nal cavity using a Belmont hyperthermic infusion pump
(Belmont Instrument Corporation, Billerica, MA, USA). The
temperature was measured using two IP probes. Two inflow
tubes were placed in the pelvis and upper abdominal cav-
ity at an infusion rate of 1,000 mL/min, whereas two other
outflow tubes were placed in both paracolic gutters. The
perfusion procedure was maintained for 60-90 minutes after
10 minutes of pre-heating. After completing the circulation
procedure, chemotherapy-diluted fluid was extracted, and
the cavity was irrigated with lactated Ringer’s solution. After
thorough hemostasis and identification of the impaired site,

Table 1. Clinico-pathologic characteristics of patients

the incision site was closed layer-by-layer.

Patients who were confirmed with any residual pathologic
results from biopsy or peritoneal cytology received 3-4 cycles
of additional chemotherapy after recovery from HIPEC.
Disease-free survival (DFS) was defined as the time interval
from the completion of first-line treatment to the clinical, ra-
diological, or serological recurrence of progression, whereas
overall survival (OS) was defined as the time interval from
the completion of the first-line treatment to the occurrence
of all-cause death in the HIPEC and non-HIPEC groups. Data
were censored at the date of the last contact for patients

HIPEC (n=24) Non-HIPEC (n=24) P-value
Age (yrs) 49.2 (24-57) 55.9 (27-72) 0.038
BMI (kg/m?) 24.0(19.6-32.5) 24.8(18.4-37.1) 0.948
FIGO Stage 0.590
A 2(8) 4(17)
B 4(17) 1(4)
Ic 18 (75) 19 (79)
Tumor grade 0.645
Grade 1 3(13) 1(4)
Grade 2/3 21(87) 23 (96)
Histology 0.696
High grade serous 18 (75) 18 (75)
Low grade serous 2 (8) 1(4)
Mucinous 2 (8) 2 (8)
Clear cell 2 (8) 2 (8)
Endometrioid 0 1(4)
Germline BRCA mutation status 0.550
Mutated 7 (29) 9(38)
Wild type 17 (71) 15 (62)
PCl at initial surgery 13.8(6-23) 12.7 (5-23) 0.518
CCR score” at initial surgery 0.413
Ccc-0 19 (79) 21(88)
CC-1 5(21) 3(12)
Target agents after HIPEC 0.450
Bevacizumab 2 2
Olaparib 1 3
Cycles of adjuvant chemotherapy 6 (6-9) 6 (5-9) 0.296

Values are presented as number (%).

HIPEC, hyperthermic intraperitoneal chemotherapy; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; PCl,

peritoneal cancer index; CCR, completeness of cytoreduction.

9CC-0: no visible residual tumor, CC-1: residual tumor nodules <2.5 mm.
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who remained alive and had no evidence of disease progres-
sion. The cutoff date for the data was set on April 30, 2021.

Al statistical analyses were performed using IBM SPSS ver.
20.0 for Windows (IBM Corp., Armonk, NY, USA). Patient
demographics analysis was conducted using the chi-squared
test and analysis of variance. DFS and OS analyses were
performed using the Kaplan-Meier method. Statistical signifi-
cance was set at P<0.05.

Results

1. Patient characteristics

The dlinicopathological characteristics are presented in Table 1.
No statistical differences were observed in the body mass in-
dex, peritoneal cancer index score at the initial surgery, FIGO
stage, tumor grade, histology, germline BRCA mutation sta-
tus, and further treatment with target agents between the
two groups. The median age of the non-HIPEC group was
6.7 years older than that of the HIPEC group (55.9 years vs.
49.2 years, P=0.038). As a result of the germline BRCA test
(specific test method was described in detail in a previous
article [10]), mutations were found in approximately one-
third of patients (29% and 38% in the HIPEC and non-HIPEC
groups, respectively). No difference was observed in patients
who received bevacizumab or olaparib (one of the approved
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between the two groups.

In the HIPEC group, ten patients had positive results for
residual tumors from biopsy or peritoneal cytology during
HIPEC. They received 3-4 cycles of maintenance platinum-
based chemotherapy after recovery from HIPEC.

2. DFS and 0S

A total of 13 (54.2%) and 15 (62.5%) patients in the HIPEC
and non-HIPEC groups, respectively, had experienced recur-
rence during the median follow-up of 47.6 months, with
a median DFS of 28.7 (95% confidence interval [Cl], 14.1-
43.2) and 24.2 (95% Cl, 12.0-36.3) months, respectively
(P=0.688) (Fig. 1A), but without significant differences. The
3-year DFS rates in the HIPEC and non-HPEC groups were
39.5% and 32.6%, respectively. Four (16.72%) and three
patients (12.5%) died in the HIPEC and non-HIPEC groups,
respectively. However, the median OS was not reached. The
5-year OS rates in the HIPEC and non-HIPEC groups were
86.2% and 81.3%, respectively (P=0.850) (Fig. 1B).

3. Adverse events

Adverse events after HIPEC were assessed using the Com-
mon Terminology Criteria for Adverse Events (CTCAE) ver 5.0.
The most common adverse events were fever and thrombo-
cytopenia. Only one patient developed grade 3 neutropenia.
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Fig. 1. Disease-free survival curve for the patients either treated with consolidation hyperthermic intraperitoneal chemotherapy (HIPEC) or
cytoreductive surgery (CRS) and intravenous (IV) chemotherapy (A). Overall survival curve for the patlents either treated with consolidation

HIPEC or CRS and IV chemotherapy (B).
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All patients recovered after conservative management.

Discussion

Previous studies have shown that intraperitoneal delivery
of chemotherapy is associated with a several-fold increase
in concentration in the abdominal cavity compared to that
measured in the plasma after IV administration. Several ran-
domized clinical trials have shown that IP combined with
IV chemotherapy improves the survival rate in women with
optimally debulked stage Ill ovarian cancer compared to that
by conventional IV chemotherapy [11]. However, a recent
phase Il Gynecologic Oncology Group (GOG)-252 trial re-
ported that IP chemotherapy is not beneficial for progression
free survival (PFS) when compared to IV chemotherapy [12],
although whether the addition of bevacizumab equalized
outcomes remains unclear.

Since HIPEC is performed intraoperatively, the drug is
administered uniformly under observation and abstracted
thereafter. This can maximize the advantage of IP chemo-
therapy while reducing disadvantages such as pain and sys-
temic toxicity. Although we observed one or more episodes
of adverse events for each patient, all were grade one-two
except for one episode of grade three neutropenia (absolute
neutrophil count [ANC] <1,000 mm?). All patients tolerated
and recovered after conservative care.

Various time points can be considered when performing
HIPEC for the treatment of ovarian cancer, including upfront
CRS, IDS, consolidation surgery, secondary CRS, and salvage
CRS [13]. We considered it more effective and feasible to
perform HIPEC as a consolidation treatment rather than per-
forming primary debulking surgery because of tumor burden,
operation time, and postoperative morbidity. In addition, lysis
of postoperative adhesions before HIPEC application may in-
crease the permeability of chemotherapy.

A randomized trial published by Spiliotis et al. [14] found
a 13-month improvement in survival with the addition of
HIPEC to secondary CRS, a benefit found in both platinum-
sensitive and platinum-resistant cohorts. More recently, van
Driel et al.’s [9] randomized study on patients with stage
Il ovarian cancer undergoing neoadjuvant chemotherapy
and IDS with or without HIPEC demonstrated similar results
as previously described. Women who underwent IDS with
HIPEC demonstrated a 3.5-and 12-month improvement in
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PFS and OS, respectively.

Meanwhile, reports evaluating HIPEC for consolidation
purposes have been limited. Bae et al. [15] retrospectively
compared the survival rates of patients with ovarian cancer
who underwent second-look surgery plus HIPEC with pacli-
taxel (n=22) or carboplatin (n=45) to no second-look surgery
(conventional treatment, n=29). In stage Il disease, the
3-year PFS rates were 56.3% and 16.7% in the HIPEC and
control groups, respectively (P=0.0028). In another retrospec-
tive matched-control study, Mendivil et al. [16] compared
the survival rates of patients with advanced-stage ovarian
cancer who were treated with consolidation HIPEC with car-
boplatin (n=69) or not (n=69). They showed more significant
benefits of PFS in the HIPEC group (25.1 months) over that
in the control group (20 months) (P=0.024) although not
shown in OS (P=0.29). A study conducted by Gori et al. [17]
reported that patients treated with IP hyperthermic perfu-
sion as consolidation therapy showed a median survival of
64.4 months, whereas the control group showed 60.1 months
(P=0.598). The mortality rate was lower in the intraperitoneal
chemotherapy (IPCT)+hyperthermia (HT) group (44.8% vs.
57.9%), but the differences were not statistically significant.

No statistically significant survival benefit was observed
in the consolidation HIPEC group in this study. The median
DFS was 28.7 vs. 24.2 months in the HIPEC and non-HIPEC
groups, respectively (P=0.688). Moreover, the 3-year DFS
rates in the HIPEC and non-HPEC groups were 39.5% and
32.6%, respectively. The 5-year OS rates in the HIPEC and
non-HIPEC groups were 86.2% and 81.3%, respectively
(P=0.850) (Fig. 1). This may be due to limitations associated
with retrospective studies with a small number of patients,
and several differences in methodology and chemotherapy
agents used in previous studies.

This study has some limitations. Several prognostic fac-
tors other than HIPEC may affect survival rate and should be
considered. Age was an important prognostic factor. The pa-
tients in the HIPEC group were 6.7 years younger than those
in the non-HIPEC group in our study (49.2 years vs. 55.9
years; Table 1). This could be a result of the reluctance to
perform HIPEC in relatively elderly patients during the study
period. This can also be a limitation of the retrospective com-
parative studies. Approximately 41.7% (10/24) of patients
in the HIPEC group received further maintenance chemo-
therapy for positive pathologic results after HIPEC, although
a previous study suggested that three cycles of consolidation
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chemotherapy with paclitaxel and carboplatin might not pro-
long the survival rate in advanced ovarian cancer patients [18].
Although no statistical difference was observed, the use of
target agents, such as bevacizumab [19] or PARP inhibitors
[20], and BRCA status [21] (Table 1) may also have influenced
the prognosis. Moreover, second-look surgery for consolida-
tion is not currently accepted as a therapeutic strategy for
advanced ovarian cancer. However, this surgery should be
performed for the consolidation process of HIPEC, although
it may be unnecessary.

According to the results of this study, no severe specific
safety issues or survival benefits were found in HIPEC con-
solidation. Furthermore, there is a burden that patients must
undergo unnecessary second-look surgery to perform HIPEC
consolidation. Therefore, we could not routinely recommend
HIPEC consolidation for patients with advanced-stage ovar-
ian cancer, particularly outside of an approved clinical trial.

Several ongoing randomized trials have evaluated the ben-
efits of HIPEC use in primary and recurrent ovarian cancer
[22,23]. To date, most successes with HIPEC have been ob-
served when used during IDS, and ongoing trials are examin-
ing the optimal timing of HIPEC application. These studies
provide useful information about this therapeutic strategy.
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