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Abstract: Due to numerous factors, such as no specific symptoms and ineffective screening to identify
premalignant or early-stage disease, most patients with ovarian cancer present with advanced-stage disease
and overt peritoneal metastases. Currently, the most effective treatment for these patients is complete
cytoreductive surgery with systemic platinum/taxane-based chemotherapy. Over the past few decades,
many researchers have evaluated the use of postoperative normothermic intraperitoneal (NIPEC) and
intraoperative hyperthermic intraperitoneal chemotherapy (HIPEC) delivery as additional treatment
modalities. Here, we will review the current status and future directions for these treatment strategies in
the management of ovarian cancer. Most of the studies in this area of research have been retrospective in
nature, limited by heterogeneous patient populations and large variance in chemotherapeutic regimens
used, leading to mixed results and difficulties in evaluating the clinical impact of the data. More mature data
from prospective trials are lacking, and IP therapy for advanced ovarian cancer should still be considered
an investigational approach and evaluated only in clinical trials; the exception is for patients with stage IIT
disease who undergo interval debulking surgery after neoadjuvant chemotherapy, for whom HIPEC can be

considered in selected patients as part of first-line therapy.
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Opvarian cancer accounts for approximately 4% of worldwide
cancer incidence and mortality among women (1).
It is the seventh most common cancer in women and
is responsible for more than 150,000 deaths per year
worldwide (2). Due to the lack of an effective screening
test, most patients present with advanced disease, with overt
peritoneal metastases and concurrent ascites, which account
for the high mortality rate of this malignancy (3).

We present the following article on cytoreductive surgery
and intraperitoneal (IP) chemotherapy for the treatment of
peritoneal metastases in ovarian cancer in accordance with
the Narrative Review Checklist (available at http://dx.doi.
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org/10.21037/jgo-20-274). Clinical trial data were obtained
via PubMed and SCOPUS searches using key terms,
including the following: intraperitoneal chemotherapy;
hyperthermic intraperitoneal chemotherapy; cytoreductive

surgery; ovarian cancer; peritoneal metastases.

Postoperative IP chemotherapy for ovarian
cancer

Due to its predilection for the peritoneal cavity, researchers
have performed numerous clinical trials to evaluate the
benefit of IP drug delivery as a primary treatment modality
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for advanced ovarian cancer. The studies reported a
pharmacologic advantage for IP versus intravenous (IV)
delivery of chemotherapy, with improved chemotherapy
absorption and susceptibility of cancer cells, longer
persistence in the peritoneal cavity, and enhanced
chemotherapeutic doses, while limiting systemic toxic side
effects (4). Among patients with recurrent disease, who have
failed prior chemotherapy, the addition of hyperthermic
intraperitoneal chemotherapy (HIPEC) may provide
further benefit in overcoming some of the underlying
chemoresistance.

The findings from 3 randomized trials that evaluated
postoperative IP treatment have supported the
incorporation of IP chemotherapy into the ovarian cancer
treatment armamentarium (5-7). In the Gynecologic
Oncology Group (GOG)-172 study by Armstrong et al.,
patients who underwent primary debulking surgery and
achieved optimal cytoreduction (residual tumor <1 cm) for
stage III ovarian, fallopian tube, or peritoneal cancer were
randomized to receive either IV paclitaxel (135 mg/m’)
over a 24-hour period on day 1 and IV cisplatin (75 mg/m’)
on day 2, or IV paclitaxel over a 24-hour period on day 1
(135 mg/m”) and IP cisplatin (100 mg/m’) on day 2 followed
by IP paclitaxel (60 mg/m’) on day 8 of a 3-week cycle.
Due to severe toxicity, however, only 42% of the patients
randomized to postoperative IV/IP treatment completed
all 6 planned postoperative cycles. The rest of the patients
crossed over to IV treatment only. Regardless, progression-
free survival (PFS) and overall survival (OS) improved
with IP treatment. The use of IV/IP chemotherapy was
associated with a significantly increased PFS and OS
compared to the IV-only treatment (23.8 vs. 18.3 months,
respectively, P=0.05; and 65.6 vs. 49.7 months, respectively,
P=0.03) (6). A retrospective analysis by Suidan et al. reported
similar findings of improved PFS and OS with IP therapy
regardless of number of cycles (8). The authors analyzed
201 patients with stage III-IV epithelial ovarian cancer
who underwent primary debulking surgery and achieved
optimal cytoreduction followed by 1 or more cycles of IV/IP
chemotherapy and were not able to detect a survival benefit
for patients receiving 5-6 cycles versus 3—4 cycles or even
1-2 cycles. Discontinuation of IV/IP therapy was most often
associated with treatment-related toxicity (77%).

In 2019, however, Walker ez 4l. reported the results of
the GOG-252 study, a very large phase 3 randomized,
controlled trial that assessed the impact of 2 different IP
chemotherapy regimens on PFS among women with newly
diagnosed advanced ovarian cancer (9). Patients were
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randomly assigned to 6 cycles of IV dose-dense paclitaxel
(80 mg/m”) with IV carboplatin (IV carboplatin arm) versus
IV dose-dense paclitaxel (80 mg/m®) with IP carboplatin
(IP carboplatin arm) versus a modified GOG-172 regimen
with a 3-hour infusion of IV paclitaxel (135 mg/m®) on day
1, IP cisplatin (75 mg/m’) on day 2, and then IP paclitaxel
(60 mg/m°) on day 8 (IP cisplatin arm). All participants
received additional therapy with bevacizumab (15 mg/kg)
during cycles 2-6 and as maintenance through cycle 22 and
beyond. Walker et al. reported no differences in outcome
between the 3 groups, with a median PFS of 24.9 months in
the IV carboplatin arm, 27.4 months in the IP carboplatin
arm, and 26.2 months in the IP cisplatin arm. The authors
suggested that the additional therapy with bevacizumab
and the lower dose of cisplatin used for the study might
explain the negative findings of the trial. However, the
administration of IP cisplatin had already demonstrated
higher toxicity than that of the standard IV carboplatin
arm in their trial. A further increase in cisplatin dosage, as
high as that of GOG-172, would be associated with even
higher systemic side effects; therefore, the potential benefit
of such a regimen remains very questionable. The results
of GOG-252 have led to a change in clinical practice, and
postoperative IP chemotherapy has been widely abandoned
and is currently not considered a standard first-line therapy.

HIPEC for ovarian cancer

HIPEC differs markedly from IP chemotherapy in the
postoperative setting, as it constitutes a single procedure in
which heated chemotherapy (42-43 °C) is administered into
the peritoneal cavity at the end of cytoreductive surgery.
During HIPEC, the chemotherapeutic agent is usually
administered either via the “open coliseum technique” or
“closed abdomen technique”. Some retrospective data suggest
that higher concentrations of the chemotherapeutic drug
within the tissues and a more homogenous distribution within
the abdominal cavity can be achieved with the open technique,
while the closed technique appears to be associated with more
stable IP temperature and increased drug penetration into the
dssue (10,11). However, there are no prospective, randomized
trial data that have compared the effectiveness of the different
techniques, and therefore, a clear recommendation to use one
over the other cannot be given.

At Memorial Sloan Kettering Cancer Center (MSK),
we use the “closed abdomen technique”, as we feel it more
consistently keeps the perfusion temperature over 42 °C and
provides the greatest protection for surgeons and operating
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room personnel by minimizing their exposure to the
chemotherapeutic drug. In addition, several experimental
studies have suggested increased drug penetration into
the tissue due to higher intra-abdominal pressure with
the closed technique (12,13). The potential shortcomings
of the closed technique, such as the lack of direct control
of the abdominal cavity or possible suboptimal heat and
chemotherapy distribution, have not been of major concern
at our institution.

HIPEC for primary advanced ovarian cancer

Most of the scientific evidence for HIPEC in primary
advanced ovarian cancer is based on several retrospective,
observational case-cohort studies that have reported mixed
oncologic outcomes.

A systematic review published by Chiva ez a/. (14) in 2015
failed to show a survival benefit for patients treated with
HIPEC at the time of primary debulking surgery. For
the final analysis, 11 publications totaling 248 patients
with advanced primary ovarian cancer were reviewed.
The median OS and disease-free survival were 37.3 and
14.4 months, respectively, similar to outcomes reported
in previously published studies that examined standard
approaches without HIPEC. However, 2 recently
conducted systematic reviews and meta-analyses reported
improved outcomes after cytoreduction and HIPEC in
patients with primary advanced ovarian cancer. In a meta-
analysis by Huo er a/. (15), 9 comparative studies and 28
studies examining HIPEC during cytoreductive surgery
for primary and/or recurrent epithelial ovarian cancer were
included. In primary epithelial ovarian cancer, cytoreductive
surgery with HIPEC resulted in better oncologic outcomes
compared with cytoreductive surgery alone, with an elevated
hazard ratio (HR) of death for the cytoreductive surgery-
alone cohort at 3 years (HR, 4.31; 95% CI, 2.11-8.81) and
5 years (HR, 2.53; 95% CI, 1.28-5.00). Similar findings
were reported in a meta-analysis by Zhang er a/. (16),
with an OS benefit with the use of HIPEC in patients
with primary epithelial ovarian cancer (HR, 0.59; 95% CI,
0.46-0.72).

Aside from their retrospective design, these studies were
limited by heterogenous patient populations and a large
variety of chemotherapeutic regimens used, including
single-agent platinum, non-platinum, and combination
therapies. Even within a single study, variation in agents and
doses were common, leading to difficulties in evaluating the
clinical impact of the results. Therefore, survival outcomes
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in these studies should be interpreted with caution and
require confirmation via prospective, randomized trials.

Prospective, randomized trials evaluating the use of
HIPEC at the time of primary debulking surgery are still
lacking. In a randomized, controlled trial from South
Korea, Lim et al. (17) investigated the benefit of HIPEC
at the time of primary or interval debulking surgery for
patients with stage III-IV ovarian cancer. One-hundred
eighty-four patients were randomized to HIPEC with IP
cisplatin (75 mg/m’) for 90 min or no HIPEC (control
arm). Randomization was performed intraoperatively based
on residual tumor size (<1 ¢cm). There were no mortalities,
and postoperative morbidities were not statistically different
between the two treatment arms, except for anemia (67.4%
vs. 50%; P=0.025) and creatinine elevation (15.2% wvs.
4.3%; P=0.026) in the HIPEC group. Survival analyses
showed no superiority of the HIPEC arm, with 5-year
PFS rates of 20.9% and 16.0% (P=0.569) and 5-years OS
rates of 51.0% and 49.4% (P=0.574) in the HIPEC and
control groups, respectively. However, subgroup analyses
of oncologic outcomes for patients who underwent
primary cytoreduction were not reported, and the final
full manuscript has not been published yet. However, the
study included patients who underwent both primary and
interval debulking surgery, and the statistical power of the
study was due to the relatively small sample size, probably
potentially too small to detect a difference between the
treatment groups. Several international, prospective phase
3 randomized, controlled trials have been planned or are
already enrolling patients to determine whether there is
a benefit with HIPEC in the primary debulking setting
[NCT04280185, NCT03772028, NCT03373058].

In 2018, van Driel et al. published in the New England
Fournal of Medicine the findings of the first phase 3
randomized, controlled trial that evaluated the use of
HIPEC with cisplatin at the time of interval debulking
surgery for patients with stage III ovarian cancer who had
undergone neoadjuvant IV chemotherapy (the OVHIPEC
study) (18). In the study, 245 patients who had at least
stable disease after 3 cycles of IV neoadjuvant paclitaxel
(170 mg/m°) and carboplatin [area under the curve (AUC)
5-6 mg/mL/min] chemotherapy were randomly assigned
to interval debulking surgery with or without HIPEC
with IP cisplatin (100 mg/m’) perfusion for 90 minutes.
Patients were randomized at the time of surgery following
intraoperative assessment of resectability to no visible
residual disease or minimal residual disease (<1 cm in largest
diameter). Patients were given 3 more cycles of carboplatin
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and paclitaxel after surgey. Median PFS—the primary
endpoint of the study—was 10.7 months for patients in
the standard arm compared with 14.2 months for those in
the HIPEC arm (HR, 0.66; 95% CI, 0.50-0.87; P=0.003).
At the time of analysis, 44% of patients were alive, and
there was a significant median OS improvement for the
HIPEC group (45.7 vs. 33.9 months; HR, 0.67; 95% CI,
0.48-0.94; P=0.02). Grade 3-4 adverse events were similar
between the two treatment arms (27% wvs. 25%; P=0.76). In
patients who received HIPEC, postoperative chemotherapy
was not delayed or compromised. Furthermore, health-
related quality of life was similar between the two treatment
arms. This was the first randomized trial in which the only
intervention difference was the use of a single, 90-minute
perfusion of cisplatin after surgery. The 100 mg/m” dose of
cisplatin was determined based on findings from phase 1/2
and retrospective studies. Standardized, protocol-specific
surveillance, including computed tomography (CT) scans
and CA-125 measurement, were used to assess the primary
endpoint (PFS). Furthermore, the median PFS and OS in
the control arm were similar to those of previous randomized
clinical trials that included similar patients. Based on the trial
data, a recent cost-effectiveness study showed that treatment
with interval debulking surgery and HIPEC in patients with
stage III ovarian cancer was associated with a substantial
gain in quality-adjusted life-years. The incremental cost-
effectiveness ratio, expressed as euros per quality-adjusted
life-year, was below the willingness-to-pay threshold in the
Netherlands, indicating interval debulking surgery with
HIPEC is cost effective for these patients. These results
support the reimbursement of costs for patients treated with
interval debulking surgery and HIPEC in countries with
similar healthcare systems (19).

However, the study’s results have been questioned by
several authors due to an inappropriate initial sample size
calculation, the potential bias by preoperative timing of
randomization, the relatively small sample size of the study,
the long recruitment period of over 9 years, and the higher
toxicity rates for certain complications (i.e., infection,
thromboembolism) in the HIPEC arm (20). Nevertheless,
based on the positive results of the OVHIPEC trial, the
National Comprehensive Cancer Network (NCCN)
released updated guidelines in 2019 stating that HIPEC
can be consider as a primary treatment option at the time of
interval debulking surgery in patients with stage III disease
treated with neoadjuvant chemotherapy.

At MSK, we recently implemented the use of
cytoreductive surgery with HIPEC for patients undergoing
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interval debulking using the van Driel protocol (18). Of
note, we do not administer HIPEC to patients with a
creatinine level >1.5 mg/dL (CrCl <30 mL/min) and/
or insulin-dependent diabetes mellitus. Furthermore, we
recommend special consideration for patients at higher risk
for toxicity, such as patients with a preoperative creatinine
level of 1.0-1.5 mg/dL (CrCl <50 mL/min), non-insulin
dependent diabetes mellitus, baseline neuropathy, or
baseline hearing loss. In these patients, a dose reduction
(cisplatin 80 mg/m’) or even avoidance of HIPEC should
be considered. We administer preoperative IV palonosetron
(250 mcg), aprepitant (130 mg), and dexamethasone (12 mg)
to all patients undergoing HIPEC. The dose, duration, and
time of administration of pre-medications and antiemetics
may be modified as clinically indicated. Prior to HIPEC
administration, sufficient fluid therapy (normal saline
500 mL/h) and a single IV bolus of mannitol should be
given. Postoperatively, close follow-up, especially of urine
output with avoidance of nephrotoxic medications, is
necessary.

HIPEC for recurrent ovarian cancer

Similar to the upfront setting, the majority of data
evaluating HIPEC in recurrent ovarian cancer with
platinum-sensitive (21-23) or -resistant disease (24-26) has
been based on retrospective studies.

Results from the first prospective phase 3 randomized,
controlled trial of HIPEC in the treatment of recurrent
ovarian cancer were published by Spiliotis ez 4/. in 2015 (27).
In the study, 120 patients with both platinum-sensitive and
platinum-resistant disease were treated with conventional
secondary cytoreductive surgery with or without HIPEC.
IP cisplatin (75 mg/m’) and paclitaxel (175 mg/m’) were
administered to patients with platinum-sensitive disease, and
IP doxorubicin (35 mg/m®) and paclitaxel (175 mg/m’) or
mitomycin (15 mg/m’) were administered to patients with
platinum-resistant disease. Patients randomized to HIPEC
demonstrated improved survival compared to patients in the
standard group (27 vs. 13 months, respectively; P<0.006),
with the greatest benefit seen in patients with platinum-
resistant disease. Complete cytoreduction was associated
with longer survival, and patients with a peritoneal
cancer index score of <15 also appeared to have improved
outcomes. However, the validity of this prospective study
has been sharply criticized by several authors. Besides the
drawbacks with the statistical analysis of the study, the main
points of criticism were the potential bias induced by the
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preoperative randomization, the heterogeneity of patient
cohorts and chemotherapeutic regimens used, and the
missing specifications of postoperative chemotherapy and
follow-up (28,29).

Our group at MSK recently reported preliminary data
from a phase 2 randomized, controlled trial evaluating
secondary cytoreductive surgery with or without HIPEC in
patients with recurrent, platinum-sensitive ovarian cancer (30).
After secondary cytoreductive surgery to <0.5 cm
visible residual disease, patients were intraoperatively
randomized to carboplatin HIPEC (800 mg/m’ for
90 minutes) or no HIPEC. A total of 98 patients were
included, of whom 49 were randomized to the HIPEC group.
There were no statistically significant differences in median
PES (15.4 vs. 12.3 months, P=0.17) or median OS (69.2 vs.
53.1 months, P=0.32) between the two study arms. Of note,
there were no perioperative mortalities, and no increased
perioperative morbidity or toxicity was seen with the use of
HIPEC. Based on this trial, we concluded that secondary
cytoreductive surgery with carboplatin HIPEC followed by
5 cycles of platinum-based chemotherapy is not superior to
secondary cytoreductive surgery without HIPEC followed
by 6 cycles of platinum-based chemotherapy. Therefore,
HIPEC after secondary cytoreductive surgery should only
be offered to patients in the setting of a prospective clinical
trial.

Conclusion

Cytoreductive surgery with HIPEC is a safe intervention
in patients with ovarian cancer and should be offered as
standard of care to patients with International Federation
of Gynecology and Obstetrics (FIGO) stage III disease
undergoing interval debulking surgery. Outside the clinical
trial setting, cisplatin should be used at a dose of 100 mg/m’.
Due to potential side effects and morbidity, this treatment
should be offered only to women who do not have major
comorbidities, especially pre-existing renal disease or
impairment. In all other settings, HIPEC is still considered
experimental. Postoperative IP chemotherapy in ovarian
cancer remains controversial, particularly after the findings
of GOG-252, and should be offered to patients only in the
setting of clinical trials.
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