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abstract

PURPOSE The purpose of this phase II study was to evaluate hyperthermic intraperitoneal chemotherapy
(HIPEC) with carboplatin for recurrent ovarian cancer during secondary cytoreductive surgery.

MATERIALS AND METHODS Patients were intraoperatively randomly assigned to carboplatin HIPEC (800 mg/m2

for 90 minutes) or no HIPEC, followed by five or six cycles of postoperative IV carboplatin-based chemotherapy,
respectively. Based on a binomial single-stage pick-the-winner design, an arm was considered winner if$ 17 of
49 patients were without disease progression at 24 months post-surgery. Secondary objectives included
postoperative toxicity and HIPEC pharmacokinetics.

RESULTSOf 98 patients, 49 (50%) received HIPEC. Complete gross resection was achieved in 82% of the HIPEC
patients and 94% of the standard-arm patients. Bowel resection was performed in 37% of patients in the HIPEC
arm compared with 65% in the standard (P5 .008). There was no perioperative mortality and no difference in
use of ostomies, length of stay, or postoperative toxicity. At 24 months, eight patients (16.3%; 1-sided 90% CI,
9.7 to 100) were without progression or death in the HIPEC arm and 12 (24.5%; 1-sided 90% CI, 16.5 to 100) in
the standard arm. With a medium follow-up of 39.5 months, 82 patients progressed and 37 died. The median
progression-free survival in the HIPEC and standard arms were 12.3 and 15.7 months, respectively (hazard
ratio, 1.54; 95% CI, 1 to 2.37; P 5 .05). There was no significant difference in median overall survival (52.5 v
59.7 months, respectively; hazard ratio, 1.39; 95% CI, 0.73 to 2.67; P5 .31). These analyses were exploratory.

CONCLUSION HIPEC with carboplatin was well tolerated but did not result in superior clinical outcomes. This
study does not support the use of HIPEC with carboplatin during secondary cytoreductive surgery for platinum-
sensitive recurrent ovarian cancer.

J Clin Oncol 39:2594-2604. © 2021 by American Society of Clinical Oncology

INTRODUCTION

In 2021, an estimated 21,410 women will be diag-
nosed with ovarian cancer in the United States, and
approximately 13,770 women will die from this dis-
ease.1 Peritoneal metastases are characteristic of
ovarian cancer, and recurrence after initial response is
almost inevitable. Intraperitoneal (IP) chemotherapy
with cisplatin and paclitaxel after primary cytoreduc-
tive surgery resulted in improved progression-free
survival (PFS) and overall survival (OS) compared
with intravenous (IV) chemotherapy in patients with
optimally resected stage III ovarian cancer.2,3 Despite
the survival benefit, IP treatment remains underused
in comprehensive cancer centers secondary to toxicity

and the difficulty of administering IP therapy.4 Fur-
thermore, in the recent GOG252 study, two postop-
erative IP-containing regimens with cisplatin or
carboplatin did not result in improved outcomes
compared with IV treatment alone when combined
with bevacizumab.5 Quality of life during chemother-
apy was statistically worse in the IP cisplatin arm.
Hyperthermic intraperitoneal chemotherapy (HIPEC)
differs from postoperative IP chemotherapy as it is a
single administration delivered intraperitoneally in a
hyperthermic state upon completion of cytoreduction.
Hyperthermia has direct cytotoxic effect and enhances
tumor penetration and DNA-adduct formation of
platinum compounds.6-9 HIPEC with cisplatin at
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100 mg/m2 has been shown to be safe and cost effective
and results in superior PFS and OS in patients with stage III
ovarian cancer undergoing interval debulking surgery after
neoadjuvant chemotherapy.10,11 Another recent study
suggested a survival benefit with HIPEC at the time of
primary cytoreductive surgery.12 The role of HIPEC at
secondary cytoreductive surgery for recurrent ovarian
cancer is not established.

Outcomes with recurrent ovarian cancer depend on various
factors, such as time from last treatment with platinum-
based chemotherapy, mutational status (eg, BRCA), re-
sidual disease at the time of surgery, and general perfor-
mance status.13-17 Multiple retrospective but few
prospective studies have evaluated HIPEC in patients with
platinum-sensitive ovarian cancer.18-21 Because of con-
cerns of cisplatin-induced grade 3 and 4 adverse events
(AEs) seen in IP-containing studies, carboplatin has
emerged as an alternative drug, with potentially less
treatment-related toxicities when administered
intraperitoneally.2,5,6,8,22,23 The aim of this phase II study
was to evaluate the efficacy of HIPEC with carboplatin at
800 mg/m2 in patients undergoing secondary cytor-
eduction for first recurrence of platinum-sensitive ovarian
cancer.

MATERIALS AND METHODS

This is an investigator-initiated, multicenter, open-label,
randomized phase II study in patients with platinum-
sensitive epithelial ovarian cancer undergoing secondary
cytoreduction. The study was approved by the Institutional
Review Board at Memorial Sloan Kettering Cancer Center
(MSKCC #12-275) and registered at (ClinicalTrials.gov
identifier: NCT01767675; Protocol, online only). Potentially
eligible patients were identified and consented at outpatient
gynecologic oncology practices.

End Points

The primary objective was proportion of patients without
evidence of disease progression at 24 months following
secondary cytoreduction in the two arms—one with and

one without HIPEC with carboplatin, followed by stan-
dard carboplatin-based postoperative IV chemotherapy.
Secondary end points included 30-day postoperative
morbidity, ability to complete assigned postoperative che-
motherapy, pharmacokinetics, and OS. Data were cen-
sored at the date of last clinical assessment for patients
alive and without disease progression. Disease progression
was assessed using RECIST version 1.1.24 OS, defined as
the time from random assignment to death from any cause,
was a secondary end point.

Eligibility Criteria

Eligible patients were 21 years of age or older with first
recurrence of high-grade epithelial ovarian cancer con-
firmed radiographically 6-30 months after completion of
first-line platinum-based chemotherapy and deemed re-
sectable based on our previously reported selection criteria
for secondary cytoreduction.15,25 No prior chemotherapy or
surgery for recurrent epithelial ovarian cancer was allowed.
Other key eligibility criteria included a Karnofsky perfor-
mance score of $ 70%, and adequate bone marrow,
coagulation, renal, and hepatic function. Patients were
ineligible if they had pre-existing neuropathy (National
Cancer Institute Common Toxicity Criteria for Adverse
Events version 4.0) grade. 1; known platinum allergy; low-
grade serous or borderline histology; and other serious
disabling conditions that would contraindicate secondary
cytoreductive surgery.

Study Design

After informed consent, patients were taken to the oper-
ating room for planned secondary cytoreduction. Random
assignment occurred intraoperatively, after the surgeon
confirmed resectability to # 0.5 cm residual disease. Pa-
tients were stratified by platinum-free interval (6-12 months
v . 12-30 months) and number of disease sites (single v
multiple). Patients with. 0.5 cm residual disease were not
randomly assigned and replaced. Carboplatin was ad-
ministered as HIPEC at 800 mg/m2 for 90 minutes at 41°C-
43°C. The dose selected was based on studies using
carboplatin as IP or HIPEC in patients with ovarian
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carcinoma.5,26-28 Patients received five additional cycles of
postoperative IV carboplatin-based chemotherapy in the
HIPEC arm and six in the standard arm (carboplatin and
paclitaxel or carboplatin and gemcitabine or carboplatin
and liposomal doxorubicin, at the treating physician’s
discretion). Maintenance treatment (bevacizumab, poly-
adenosine diphosphate-ribose polymerase inhibition, or
endocrine therapy) was not permitted.

Treatment

Secondary cytoreductive surgery was performed as per
institutional standards. All patients randomly assigned to
HIPEC received intraoperative IV antiemetics, including a
serotonin 5-HT3 receptor antagonist, a neurokinin 1 an-
tagonist, and dexamethasone before initiation of HIPEC.
After surgical cytoreduction via laparotomy, percutaneous
inflow and outflow catheters and IP temperature probes
were placed. The skin was closed temporarily. The cath-
eters were connected to the perfusion system (Thermo-
ChemTM HT-1000 System, IN, PA), and 3,000 mL of
normal saline was heated to 41°C-43°C and circulated
through the abdomen. Subsequently, carboplatin was
added to the perfusate. HIPEC was administered for 90
minutes, during which the perfusion rate, perfusion vol-
ume, and inflow and outflow temperatures were monitored
and adjusted, if necessary. After completion of perfusion,
the perfusate was drained and the abdomen was opened
and irrigated with 3,000 mL of normal saline. Fascia and
skin were closed in standard fashion. Postoperatively, all
patients were observed and transferred to the floor as per
standard institutional guidelines.

Pharmacokinetics and Pharmacodynamics

In 15 consecutive patients randomly assigned to HIPEC,
peritoneal samples were collected at 0, 5, 10, 15, 30, 45,
60, 75, and 90 minutes of HIPEC. Blood samples were
collected at 0, 15, 30, 45, 60, 75, and 90minutes, and at 3,
6, 12, 18, 24, 48, and 72 hours. Ultrafiltrable carboplatin
was separated from plasma by using the CentrisartVR ul-
trafiltration system (Sartorius AG, Göttingen, Germany).
Platinum concentrations were measured by flameless
atomic absorption spectrometry, as previously described.29

Platinum pharmacokinetics were assessed using a stan-
dard noncompartmental approach with estimation of the
area under the concentration-time curve (AUC) by use of
the trapezoidal rule.

Safety Assessment

Safety analyses included 30-day surgical morbidity and
mortality and treatment-related AEs according to the Me-
morial Sloan Kettering Cancer Center surgical complication
grading system.30,31 All patients underwent a baseline
assessment within 28 days before surgery. After secondary
cytoreduction, patients were assessed daily during hospi-
talization. After hospital discharge toxicities, AEs, hema-
tology, and chemistries were tracked systematically.

Patients were followed during standard postoperative IV
platinum-based chemotherapy.

Disease Assessment

Postoperative chest and abdominopelvic computed to-
mography or magnetic resonance imaging was to be
completed after secondary cytoreduction during a 28-day
window. Disease was also assessed with imaging every
6 months for 2 years or if there was an unplanned imaging
for suspected recurrence. CA-125 levels were measured
every 3 months after secondary cytoreduction for 2 years
but were not used to assess response or progression.
Progression was determined by RECIST version 1.1. After 2
years, institutional standard follow-up guidelines were fol-
lowed. The study radiologist who reviewed all scans was
blinded to the treatment arm.

Statistical Considerations

We chose a pick-the-winner design by using a single-stage
design in a phase II randomized trial to determine the
winner arm. Each arm was powered to show an im-
provement over a historical control estimate of 24-month
PFS rate of 25.5%.15,32 Each arm used the null hypothesis
of 24-month PFS rate of 25.5% and an alternative hy-
pothesis of 40%. With a type I error rate of 10% and type II
error rate of 20%, a target accrual of 49 patients per arm
was planned. Based on an exact binomial single-stage
design, each regimen was considered efficacious if at
least 17 of 49 patients were progression-free at 24 months.
Early stopping rules were incorporated to halt the study if
the overall rate of major postoperative complications was
twice the acceptable rate (. 50%) following accrual of the
first 20 patients and again after the first 49 patients.
Secondary objectives included OS, postoperative compli-
cation rates, and completion rates of IV standard platinum-
based chemotherapy in both arms. The primary objective of
PFS rate at 24 months was reported as well as its exact one-
sided 90% CI for each arm separately assuming binomial
proportions. All except two patients had 24 months of
follow-up. Both patients were in the standard arm with a
follow-up of 22 months. Patients with , 24 months of
follow-up were considered failures. The study was not
powered for a head-to-head comparison of the two arms as
in a phase III trial; each arm was compared to a historical
control estimate.

Patient characteristics and other clinical factors were
compared between the two arms using the Fisher exact test
for categorical variables and Wilcoxon-rank sum test for
continuous variables. Grade $ 3 postoperational AEs were
summarized using descriptive statistics. PFS was calcu-
lated from the date of random assignment to the date of
progression, death, or last clinical assessment, whichever
occurred first. OS was calculated from the date of random
assignment to the date of death or last follow-up. Survival
was calculated using the Kaplan-Meier method. Log-rank
test and Wald test based on the Cox proportional hazards
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(PH) model were used to obtain P values for categorical
variables or continuous variables in the univariate setting.
Multivariate PFS and OS models were built by using vari-
ables that were univariately significant (P, .05). The effect
of HIPEC on survival among certain clinical factors’ strata
wasmodeled in a Cox PHmodel with the treatment arm, the
clinical factor, and the interaction term. The hazard ratio
(HR) of HIPEC versus no HIPEC for specific subgroups is
presented in a forest plot. These analyses were exploratory;
the study was not powered to detect interaction effects.

RESULTS

A total of 117 patients were consented from February 2014-
November 2019 (Fig 1, CONSORT diagram). Of these
patients, 99 were randomly assigned to secondary cytor-
eduction followed by six cycles or secondary cytoreduction
with HIPEC with carboplatin at 800 mg/m2 followed by five
cycles of IV carboplatin-based chemotherapy. Five patients
withdrew or were found ineligible before planned surgery.

Thirteen patients were not randomly assigned because of
intraoperative findings (11 because of extent of disease,
one because of extensive adhesions, and one because of
absence of any evidence of disease). One patient was
excluded from the study because of initiation of mainte-
nance treatment before progression of disease.

Demographic and clinical characteristics and specific
intraoperative characteristics are presented in Table 1.
Most variables were balanced between the groups. The
median platinum-free interval for the entire cohort before
study enrollment was 16 months; 69% had a platinum-free
interval of 12-30months. A complete gross resection (CGR)
was achieved in 40 patients (82%) in the HIPEC arm and
46 (94%) in the standard arm (P 5 .12). Bowel resections
were performed in 50 patients (51%). Significantly fewer
patients in the HIPEC arm underwent a bowel resection. As
expected, the median operative time was significantly
longer in patients randomly assigned to HIPEC (474
minutes v 292 minutes; P , .001).

Removed (started maintenance therapy)
Evaluated for adverse events and
postoperative IV treatment

(n = 1)
(n = 49)

Total no. of patients enrolled at four
centers in the United States 

(N = 117)

Excluded preoperatively
     Withdrew consent       (n = 2)
     Comorbidities              (n = 2)
     Prior radiation              (n = 1)

Excluded intraoperatively
     Residual disease > 5 mm     (n = 11)
     Adhesions                             (n = 1)
     No disease                             (n = 1) 

Secondary cytoreductive surgery with HIPEC
(n = 49)  

Secondary cytoreductive surgery
(n = 50)

Evaluated for adverse events and
postoperative IV treatment

(n = 49) 

Evaluated for PFS and OS
Alive and progression-free
Alive at last contact

(n = 49)
(n = 3)

(n = 29)

Evaluated for PFS and OS
Follow-up < 24 months
Alive and progression-free
Alive at last contact

(n = 49)
(n = 2)
(n = 9)

(n = 32)

FIG 1. CONSORT diagram. HIPEC, hyperthermic intraperitoneal chemotherapy; IV, intravenous; OS, overall sur-
vival; PFS, progression-free survival.
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Platinum pharmacokinetics after carboplatin administered
as HIPEC are shown in Figure 2. Figure 2A depicts the first
24 hours and Figure 2B the first 6 hours post HIPEC. The
extrapolated time 5 0 platinum concentration of 204
mg/mL corresponded with the 242 mg/mL theoretical
starting concentration of the infusate based on the 800 mg/
m2 carboplatin dose, typical body surface area, and the 3 L
infusate volume (800 mg/m2$1.73 m2$(195/371)/3 L).
Plasma platinum increased during the perfusion procedure
and appeared to reach a steady state toward the end of the
perfusion. The geometric mean (geometric standard de-
viation) maximum ultrafiltrable platinum concentrations in

the peritoneum and plasma were 140 (1.28) mg/mL and
16.7 (1.24) mg/mL, respectively, with a peritoneum-to-
plasma ratio of 8.47 (Appendix Table A1, online only).
Corresponding platinum AUC values in the peritoneum and
plasma were 174 (1.37)mg$h/mL and 97.5 (1.34)mg$h/mL,
respectively, with a peritoneum-to-plasma ratio of 1.77. Post-
treatment tumor tissue (1 cm3) was available from three
patients and yielded a geometric mean (geometric standard
deviation) platinum tissue concentration of 3.38 (1.62) mg/g.
The majority of peritoneal and all of plasma total platinum
exposure was accounted for by the respective ultrafiltrable
portions.

TABLE 1. Demographic and Clinical Characteristics
Variable HIPEC Arm (n 5 49) Standard Arm (n 5 49) P

Age, median, years (range) 59 (39-74) 58 (33-78) .4

High-grade serous histology, No. (%) 47 (96) 48 (98) . .9

Multiple sites of disease preoperatively, No. (%) 43 (88) 42 (86) . .9

Platinum-free interval . 12 months, No. (%) 34 (69) 34 (69) . .9

Median platinum-free interval, months (range) 16 (6-30.5) 17 (6-30) .45

BRCA mutation, No. (%) 10 (20) 11 (22) . .9

Operative time, minutes, (range) 475 (235-813) 296 (83-678) , .001

Estimated blood loss, mL, (range) 402 (30-1,550) 340 (50-1,550) .2

Bowel resection, No. (%) 18 (37) 32 (65) .008

Complete gross resection, No. (%) 40 (82) 46 (94) .12

$ Grade 3 complications, No. (%) 12 (24) 10 (20) .81

Length of inpatient stay, days, (range) 6 (1-26) 5 (2-22) .05

Postoperative chemotherapy regimen, No. (%)

Carboplatin and liposomal doxorubicin 35 (71) 39 (80)

Carboplatin and gemcitabine 13 (27) 8 (16)

Carboplatin and paclitaxel 0 (0) 2 (4)

Other 1 (2) 0 (0)

Completed assigned postoperative platinum-based chemotherapy, No. (%) 46 (94) 46 (94)

Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.
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FIG 2. HIPEC carboplatin pharmacokinetics at (A) 24 hours and (B) 6 hours post HIPEC with carboplatin. HIPEC, hyperthermic intraperitoneal chemotherapy.
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No 30-day mortality was observed. There was no dif-
ference in 30-day morbidity (Table 2); 12 patients (24%)
in the HIPEC arm and 10 (20%) in the standard arm
experienced a grade $ 3 AE (P 5 .81). The toxicity rate
was 45% (9 patients) in the first 20 patients and 35% (17
patients) in the first 49 patients. The stopping threshold
of . 50% toxicity rate was not observed. Overall, 92
patients (94%) completed all assigned postoperative IV
chemotherapy treatment, with no difference between
groups. The most common postoperative chemotherapy
regimen used was carboplatin and liposomal doxoru-
bicin in 74 patients (76%). The median time from
surgery to initiation of postoperative IV chemotherapy
was 32 days (18-91 days), without difference between
arms.

The last follow-up date was February 15, 2021. At that time,
82 patients had progressed and 37 had died. At 24months,
eight patients (16.3%; 1-sided 90% CI, 9.7 to 100) in the
HIPEC arm and 12 (24.5%; 1-sided 90%CI, 16.5 to 100) in
the standard arm were without progression or death. The
median follow-up for the 14 progression-free survivors was
52.8 months (range, 51.4-88.9 months). The median
follow-up for the 61 survivors was 39.5 months (range,
19.8-88.9 months). The median PFS and OS for the entire

cohort were 14.3 months (95% CI, 12 to 16) and
55.2 months (95% CI, 50.3 to 78), respectively. The
median PFS and OS for patients who achieved a CGR were
15.1 and 59.7 months, respectively. Survival curves are
shown in Figures 3A and 3B. Patients randomly assigned to
HIPEC had a median PFS of 12.3 months, compared with
15.7months for patients randomly assigned to the standard
arm (HR, 1.54; 95% CI, 1 to 2.37). Patients randomly
assigned to HIPEC had a median OS of 52.5 months,
compared with 59.7months for patients randomly assigned
to the standard arm (HR, 1.39; 95% CI, 0.73 to 2.67).
Univariate analysis and multivariate analysis for PFS and
OS are shown in Tables 3 and 4. Single-site disease was
independently associated with improved PFS, whereas
CGR was independently associated with OS. In a post-hoc
blinded radiologic review of all recurrences, the two groups
did not demonstrate differences in pattern of recurrence
(Appendix Table A2, online only). An unplanned Cox PH
model for PFS and OS was created to evaluate the effect of
HIPEC on other patient variables (Appendix Figs A1 and
A2, online only). In this analysis, patients with a long
preceding platinum-free interval and patients with a known
deleterious BRCA mutation appeared to have no PFS
benefit with HIPEC.

TABLE 2. Complications (30-Day Mortality)

Adverse Event
All,

N 5 98 (%)
HIPEC Arm,
n 5 49 (%)

Standard Arm,
n 5 49 (%)

Abdominal infection 2 (2) 2 (4.1) 0 (0)

Anemia 15 (15.3) 7 (14.3) 8 (16.3)

Ascites 1 (1) 0 (0) 1 (2)

Colitis 1 (1) 1 (2) 0 (0)

Colonic obstruction 1 (1) 1 (2) 0 (0)

Deep vein thrombosis 1 (1) 1 (2) 0 (0)

Diarrhea 1 (1) 1 (2) 0 (0)

Fever 1 (1) 0 (0) 1 (2)

Hemorrhage 1 (1) 1 (2) 0 (0)

Ileus 3 (3.1) 2 (4.1) 1 (2)

Intraoperative ureteral injury 2 (2) 1 (2) 1 (2)

Lung infection 1 (1) 0 (0) 1 (2)

Nausea 1 (1) 1 (2) 0 (0)

Noninfected intra-abdominal or thoracic fluid collection 3 (3.1) 1 (2) 2 (4.1)

Pancreatic fistula 1 (1) 1 (2) 0 (0)

Platelet count decreased 1 (1) 1 (2) 0 (0)

Pleural effusion 3 (3.1) 1 (2) 2 (4.1)

Sepsis 1 (1) 1 (2) 0 (0)

Urinary tract infection 4 (4.1) 4 (8.2) 0 (0)

Vascular access complication 1 (1) 1 (2) 0 (0)

Wound infection 2 (2) 0 (0) 2 (4.1)

Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.
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DISCUSSION

This randomized, multicenter phase II study evaluated the
safety and efficacy of HIPEC with carboplatin in patients
undergoing secondary cytoreduction for platinum-sensitive
recurrent ovarian cancer. Carboplatin administered as
HIPEC was well tolerated. No perioperative mortality or
increased perioperative morbidity or toxicity was observed
with HIPEC. A winner was not determined because no
treatment arm achieved our prespecified end point of 17
disease-free patients at 24 months. This prespecified end
point was based on a retrospective analysis of select pa-
tients undergoing secondary cytoreduction at our center.15

Secondary cytoreductive surgery with 800 mg/m2 carbo-
platin HIPEC followed by five cycles of IV carboplatin-based
chemotherapy was not superior to surgery without HIPEC
followed by six cycles of IV carboplatin-based chemo-
therapy. Further evaluation of this regimen is not warranted
at this time.

Our trial design does not permit direct arm-to-arm com-
parison. The comparisons of survival estimates and sub-
group analyses are hypothesis-generating and should be
interpreted with caution. The secondary post-hoc analyses,
however, support the primary conclusion. Furthermore, at
the time of study design, carboplatin HIPEC was chosen
because of concerns of cisplatin-induced nephrotoxicity.8

The dose of 800 mg/m2 was based on previous studies in
patients with ovarian cancer. In a phase I study, the rec-
ommended dose of carboplatin used as HIPEC was
1,000 mg/m2, with dose-limiting toxicity observed at
1,200 mg/m2.27 In GOG252, carboplatin was administered
intraperitoneally at a dose of AUC 6, in a volume of up to 2 L,
without retrieval of infusate.5 The dose of carboplatin at
AUC 6 corresponds to approximately 400 mg/m2,
depending on kidney function.33 Peritoneal exposure was
174 mg$h/mL ultrafiltrable platinum, which corresponds to

a conventional ultrafiltrable carboplatin AUC of
5.5 mg$min/L. Similarly, the plasma exposure corresponds
to an ultrafiltrable carboplatin AUC of 3.1 mg$min/L.
However, the latter plasma exposure is possibly not bio-
logically active. Although after IV carboplatin dosing,
ultrafiltrable platinum corresponds to free and still biolog-
ically active carboplatin,34 the same may not be true of
plasma ultrafiltrable platinum after peritoneal cavity dosing.
Since total plasma platinum is accounted for by ultra-
filtrable platinum, especially at the late 24-hour time point,
this suggests that plasma platinum, although having low
molecular weight and being ultrafiltrable, is no longer ca-
pable of reaction and consequently is inactive. If the
ultrafiltrable (low-molecular-weight) platinum had been
reactive, total platinum should have exceeded ultrafiltrable
platinum at the late time point, the difference being the
reaction product of reactive platinum and macromolecules
such as albumin.35 Therefore, the 1.77-fold AUC ratio of
peritoneum to plasma is likely a large underestimate of the
true exposure advantage to reactive platinum that IP ad-
ministration conveys. The tumor platinum tissue concen-
tration of 3.38 (1.62) mg/g compared relatively favorable to
the approximately 0.7 mg/g observed in preclinical rat
models.8,36 Furthermore, carboplatin exposure was trun-
cated because the carboplatin perfusate was removed
immediately following HIPEC. It is unclear if a higher
carboplatin dose, leaving the carboplatin in the peritoneum,
or the use of cisplatin would have resulted in superior
outcomes.

Furthermore, patients randomly assigned to no HIPEC
received one additional cycle of standard postoperative IV
chemotherapy. When the study was designed, the intra-
operative administration of carboplatin was counted toward
the first of six cycles of chemotherapy to avoid an over-
estimate of the HIPEC effect.
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Although stratification was not necessary in this non-
comparative randomized phase II trial, differences in
prognostic factors between arms should be considered
when interpreting the survival estimates. We did not stratify
for residual disease after surgery, which is a strong prog-
nostic factor. Although not statistically significant, 40 pa-
tients (82%) achieved a CGR in the HIPEC arm compared
with 46 (94%) in the standard arm, favoring the standard
arm. Patients were randomly assigned after cytoreduction
to , 0.5-cm residual disease. Despite protocol-specific
intraoperative random assignment, bowel resections were
performed less frequently in the HIPEC arm. Morbidity
concerns possibly resulted in an underuse of bowel re-
sections in the HIPEC arm. In patients randomly assigned to
HIPEC, surgeons potentially accepted minimal residual
disease when a CGRwas achievable with a bowel resection.
Future head-to-head comparison studies should stratify by

residual status to reduce bias following intraoperative
random assignment. We did not, however, observe a higher
rate of ostomies in the HIPEC arm. This was observed in a
previous randomized trial, which could also be a result of
intraoperative bias.10

The obvious negative aspect of intraoperative random as-
signment is the longer operative time. The logistical chal-
lenges of this clinical trial with preparation of the drug,
transportation to the operative room, and the setup of the
perfusion machine after random assignment and the
HIPEC on average resulted in a 3-hour longer procedure,
likely significantly overestimating the additional time
needed for HIPEC in a nonexperimental setting.

Although no maintenance treatment was approved for
patients with platinum-sensitive recurrent ovarian cancer at
the time of study design, the FDA granted approval to both
bevacizumab and polyadenosine diphosphate-ribose

TABLE 3. PFS as Time to Event (N 5 98)—Univariate Analysis and Multivariate Analysis (N 5 84)

Variable No.

Univariate Analysis PFS (N 5 98)
Multivariate PFS

(N 5 98; Events 5 84)

Progression
or Death

Median PFS (two-
sided 95% CI)

24-Month PFS (%;
two-sided 95% CI) HR (95% CI)

Log-rank
P HR 95% CI P

All 98 84 14.3 (12 to 16) 22.3 (14.6 to 31)

Arm

HIPEC 49 46 12.3 (11.9 to 15.6) 16.3 (7.6 to 27.9) 1.54 (1 to 2.37) .049 1.49 0.96 to 2.32 .076

Standard 49 38 15.7 (12 to 17.5) 28.3 (16.5 to 41.3) 1 Reference

Age at surgery, years

, 65 72 62 14.3 (12 to 15.8) 20.5 (12 to 30.5) 1 .518

$ 65 26 22 14.7 (12 to 18.7) 26.9 (11.9 to 44.5) 0.85 (0.52 to 1.39)

Platinum-free interval, months

# 12 30 28 13.7 (11.7 to 15.4) 13.3 (4.2 to 27.8) 1 .133

. 12 68 56 15.7 (12 to 16.5) 26.3 (16.5 to 37.2) 0.71 (0.45 to 1.12)

Sites of disease

Single 13 6 NR 61.5 (30.8 to 81.8) 1 , .001 3.82 1.63 to 8.91 .002

Multiple 85 78 14 (12 to 15.7) 16.1 (9.2 to 24.8) 3.94 (1.7 to 9.16) Reference

BRCA status

Wild-type or
VUS or
unknown

77 68 12.3 (12 to 15.6) 19.1 (11.2 to 28.7) 1 .074

Deleterious 21 16 16.5 (13.4 to 24) 33.3 (14.9 to 53.1) 0.61 (0.35 to 1.06)

Residual disease

Complete gross
resection

86 72 15.1 (12.1 to 16.1) 25.4 (16.7 to 34.9) 1 .028 1.54 0.81 to 2.91 .19

Minimal
residual
disease

12 12 12 (10.1 to 14.3) NR 1.99 (1.06 to 3.72) Reference

NOTE. P value is obtained by applying log-rank test.
Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; HR, hazard ratio; NR, not reached; PFS, progression-free survival; VUS, variant of

unknown significance.
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polymerase inhibitors while the study was ongoing.37-40 To
avoid potential treatment imbalance between arms, we did
not permit the use of any maintenance treatment. This was
carefully discussed with the patients during the informed
consent process. Furthermore, patients with a platinum-
free interval of . 30 months were ineligible, resulting in a
median platinum-free interval of 16 months, which is
substantially shorter than what was reported in recent
studies evaluating the role of secondary cytoreduction in
patients with platinum-sensitive ovarian cancer.13,41 In
addition, a bowel resection was necessary in 51% of pa-
tients as part of cytoreductive surgery. This is significantly
more than reported in GOG213 (28%), suggesting that
patients enrolled in this trial had higher disease burden.
The omission of maintenance treatment, the shorter
platinum-free interval, and the inclusion of higher-risk

patients explains the shorter median PFS in our study.
Despite this, the OS was comparable to GOG213, sug-
gesting that maintenance strategies were successfully
administered in later lines of therapy.

Secondary cytoreduction and HIPEC with carboplatin was
well tolerated but did not result in superior outcomes
compared with standard of care as estimated by a his-
torical control estimate. Our study does not support the
use of HIPEC with carboplatin at 800 mg/m2 during
secondary cytoreduction. Further studies are needed to
address how to best incorporate HIPEC with optimization
of the intraoperative random assignment process to
minimize surgeon bias as well as careful consideration for
relevant stratification factors, such as residual disease and
BRCA status.

TABLE 4. OS as Time to Event (N 5 98)—Univariate Analysis and Multivariate Analysis (N 5 84)

Variable No.

Univariate Analysis OS (N 5 98)
Multivariate OS

(N 5 98; Events 5 84)

Death
Median OS (two-
sided 95% CI)

24-Month OS (%; two-sided
95% CI) HR (95% CI)

Log-rank
P HR 95% CI P

All 98 37 55.2 (50.3 to 78) 92.7 (85.4 to 96.5)

Arm

HIPEC 49 20 52.5 (41.8 to NE) 89.6 (76.8 to 95.5) 1.39 (0.73 to 2.67) .313 1.33 0.69 to 2.56 .39

Standard 49 17 59.7 (50.3 to NE) 95.8 (84.3 to 98.9) 1 Reference

Age at surgery, years

, 65 72 27 57.7 (50.3 to NE) 92.9 (83.7 to 97) 1 .803

$ 65 26 10 52.5 (40.1 to NE) 92.3 (72.6 to 98) 1.1 (0.53 to 2.27)

Platinum-free
interval, months

# 12 30 15 50.3 (29.7 to 78) 89.9 (71.8 to 96.6) 1 .056

. 12 68 22 57.7 (52.5 to NE) 94 (84.8 to 97.7) 0.53 (0.28 to 1.03)

Sites of disease

Single 13 2 NR 100 (100 to 100) 1 .082

Multiple 85 35 53.4 (48.8 to 69.2) 91.6 (83.2 to 95.9) 3.31 (0.79 to 13.81)

BRCA status

Wild-type or VUS or
unknown

77 29 55.2 (48.8 to 78) 92.1 (83.3 to 96.4) 1 .487

Deleterious 21 8 59.7 (41.8 to NE) 95 (69.5 to 99.3) 0.76 (0.35 to 1.66)

Residual disease

Complete gross
resection

86 29 59.7 (51.4 to NE) 94.1 (86.5 to 97.5) 1 .007 2.77 1.24 to 6.17 .013

Minimal residual
disease

12 8 40.1 (22.8 to 52.5) 81.8 (44.7 to 95.1) 2.84 (1.28 to 6.31) Reference

NOTE. P value is obtained by applying log-rank test.
Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; HR, hazard ratio; NE, not estimable; NR, not reached; OS, overall survival; VUS, variant

of unknown significance.
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APPENDIX

 HR for Progression or Death (95% CI)Baseline Variables

Age at surgery, years

< 65 

≥ 65 

BRCA status

WT or VUS or unknown

Deleterious

Platinum-free interval, months

≤ 12

> 12

Residual disease

Complete gross resection

Minimal residual disease

Event No.

62

22

68

16

28

56

72

12

1.32 (0.80 to 2.18)

2.38 (0.99 to 5.70)

1.25 (0.78 to 2.01)

3.11 (1.12 to 8.66)

1.02 (0.48 to 2.14)

1.84 (1.08 to 3.14)

1.48 (0.93 to 2.35)

1.31 (0.35 to 4.86)

HIPEC Beneficial HIPEC Not Beneficial

0.4 0.6 0.8 1 2 4 6 8

FIG A1. Forest plot for baseline variables and HR for progression or death. HIPEC, hyperthermic intraperitoneal chemotherapy; HR, hazard
ratio; VUS, variant of unknown significance; WT, wild type.

Baseline Variables Death No. HR for Death (95% CI)

Age at surgery, years

< 65 

≥ 65 

BRCA status

WT or VUS or unknown

Deleterious

Platinum-free interval, months

≤ 12

> 12

Residual disease

Complete gross resection

Minimal residual disease

27

10

29

8

15

22

29

8

0.99 (0.47 to 2.12)

3.98 (0.99 to 15.97)

1.28 (0.61 to 2.68)

1.71 (0.43 to 6.87)

1.66 (0.59 to 4.70)

1.46 (0.62 to 3.42)

1.16 (0.56 to 2.41)

2.41 (0.48 to 12.16)

HIPEC Beneficial HIPEC Not Beneficial

0.6 0.8 1 2 4 6 8 10

FIG A2. Forest plot for baseline variables and HR for death. HIPEC, hyperthermic intraperitoneal chemotherapy; HR, hazard ratio; VUS, variant of
unknown significance; WT, wild type.
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TABLE A1. Geomean (SD) Pharmacokinetic Parameters of Plasma and Peritoneal Perfusate Total and UF or Free Platinum
Parameter Cmax (mg/mL) AUC0-t (mg h/mL) Tmax (h) T1/2 (h)

Peritoneal fluid

Total platinum 178 (1.23) 221 (1.26) 0.25 (1.11) —

UF platinum 140 (1.28) 174 (1.37) 0.27 (1.31) —

% UF/total 79.3 (1.18) 79.9 (1.18) —

Plasma

Total platinum 16.4 (1.20) 101 (1.33) 1.4 (1.1) 7.4 (1.5)

UF platinum 16.7 (1.24) 97.5 (1.34) 1.3 (1.2) 8.4 (1.5)

% UF/total 102 (1.11) 96.8 (1.14) — —

UF platinum
peritoneal/plasma

8.47 (1.42) 1.77 (1.54) — —

NOTE. AUC0-t defined as AUC0-25.5h for plasma and AUC0-last for peritoneal fluid. %UF/total for plasma Clast was 116% (1.77). Peritoneal fluid total platinum at
time 0 (C0) was 204 (1.26)mg/mL. An AUC of 174 and 97.5mg h/mL platinum correspond to a carboplatin equivalent AUC of 5.5 and 3.1mgmin/L, respectively.
Abbreviations: AUC, area under the curve; SD, standard deviation; UF, ultrafiltrable.

TABLE A2. Pattern of Recurrence

Site of Recurrence

Alla HIPEC Arm Standard Arm

N 5 82 (%) n 5 45 (%) n 5 37 (%)

Peritoneum 64 (80) 35 (80) 29 (81)

Lymphadenopathy 42 (52) 23 (52) 19 (53)

Pleura 4 (5.0) 2 (4.5) 2 (5.6)

Others 10 (12) 5 (11) 5 (14)

Abbreviation: HIPEC, hyperthermic intraperitoneal chemotherapy.
aTwo patients died without recurrence.
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