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Abstract

Objectives: Carboplatin is frequently used in various
doses for hyperthermic intraperitoneal chemotherapy
(HIPEC) in the treatment of epithelial ovarian cancer (EOC)
although its pharmacokinetics, including focus on the
perfusion time, has not been evaluated when used in
modern era cytoreductive surgery (CRS). The aim was to
evaluate the pharmacokinetics and hematological toxicity
of carboplatin used for HIPEC with a perfusion time of
90 min.
Methods: Fifteen patients with stage III–IV primary EOC
received CRS and 90min of HIPECwith carboplatin at dose
800 mg/m2. For the pharmacokinetic analysis, perfusate
and blood samples were obtained during HIPEC and up to
48 h after HIPEC (blood only). Hematological toxicity
within 30 days was graded according to Common Termi-
nology Criteria for Adverse Events. Severe toxicity (grades
3–5) is reported.

Results: Mean maximum concentration of carboplatin
was 12 times higher in perfusate than plasma (mean
CmaxPF=348 µg/mL (range: 279–595 µg/mL) versus mean
CmaxPL=29 µg/mL (range: 21–39 µg/mL)). Mean terminal
half-life of carboplatin in perfusate was 104 min (range:
63–190 min) and mean intraperitoneal-to-plasma area
under the concentration-time curve (AUC) ratio was 12.3
(range: 7.4–17.2). Two patients (13%) had grade 3 neu-
tropenia within 30 days. No grade 4–5 hematological tox-
icities were identified.
Conclusions: Carboplatin has a favorable pharmacoki-
netic profile for 90 min HIPEC administration, and the
hematological toxicity was acceptable at dose 800 mg/m2.
Large interindividual differences were found in the phar-
macokinetic parameters, making risk of systemic exposure
difficult to predict.

Keywords: carboplatin; hyperthermic intraperitoneal chemo-
therapy; ovarian epithelial cancer; pharmacokinetics.

Introduction

Ovarian cancer is categorized as a peritoneal surface ma-
lignancy due to its most common clinical presentation in
advanced stages, which is characterized by diffuse peri-
toneal metastatic spreading. Advanced stage ovarian
cancer corresponds to the International Federation of Gy-
necology and Obstetrics stage III–IV (FIGO stage III–IV).
Globally, 240,000 women are diagnosed with ovarian
cancer every year, and epithelial carcinomas account for
approximately 90% of all cases of ovarian cancer [1]. In the
subsequent text, the term “epithelial ovarian cancer (EOC)”
will refer to all epithelial cancers that arise in the ovary or
fallopian tube, as well as the histologically similar primary
peritoneal cancers, as these are commonly considered
identical diseases.

Standard treatment of primary advanced stage EOC
consists of “upfront”’ cytoreductive surgery (CRS) com-
bined with systemic platinum-based and taxane chemo-
therapy [2]. Neoadjuvant chemotherapy followed by
“interval” CRS and postoperative chemotherapy is used for
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patients unsuitable for upfront CRS due to excessive tumor

burden or poor general condition. Unfortunately, even if

primary treatment with CRS and systemic chemotherapy

leads to disease control, a major challenge in ovarian

cancer treatment is disease relapse, which most often oc-

curs within the first 2 years. In an attempt to prevent or

postpone disease relapse, hyperthermic intraperitoneal

chemotherapy (HIPEC) has been implemented in some

surgical centers for treatment of EOC, often in the form of a

clinical trial [3]. Whether HIPEC has a role in the treatment

of EOC is still heavily debated [4–7].
HIPEC consists of intraoperative perfusion of the

peritoneal cavity with a heated solution containing cyto-
toxic agents, performed immediately after the surgical
procedure. The rationale for local application is to expose
any cancer cells directly to the cytotoxic drug indepen-
dently of the blood perfusion of the area.

Currently, carboplatin is the standard platinum-
based drug of choice used for first-line systemic treat-
ment of EOC. It has a high molecular weight, is highly
stable, water-soluble, and is rapidly cleared from the
systemic circulation [8], which in theory also makes it a
suitable drug for HIPEC. Carboplatin has been described
used in HIPEC at a dose range of 400–1200 mg/m2 [9–12].
Whereas several studies have evaluated the pharmaco-
kinetics of other platinum-based drugs used in HIPEC
such as cisplatin and oxaliplatin [13–17], only one small
phase I studywith six patients published in 1999 by Steller
et al. [9] evaluated the pharmacokinetics of carboplatin.
Additionally, EOC surgery has become more and more
extensive during the last two decades in an attempt to
achieve complete cytoreduction. Whether this more
aggressive surgical approach affects the absorption of
carboplatin from the perfusate into the systemic circula-
tion has not yet been evaluated. Furthermore, most cen-
ters perform carboplatin HIPEC with a perfusion time of
90 min, but the rationale for using this perfusion time is
often not described [9–11, 18]. It has not yet been suffi-
ciently evaluated whether 90 min is the appropriate
perfusion time. If more than half of the dose is absorbed
after e.g., 60 min, one can question whether further
30 min of perfusion is recommendable.

Our primary study aim was to evaluate the local and
systemic pharmacokinetics of carboplatin 800mg/m2 used
in HIPEC with a perfusion time of 90 min as part of upfront
or interval CRS in the treatment of primary EOC and eval-
uate any relation between the extent of peritonectomy and
systemic exposure to carboplatin. The secondary aim was
to evaluate hematological toxicity within 30 days after
surgery.

Materials and methods

Study design and setting

A prospective observational cohort study was conducted at Depart-
ment of Gynecology and Obstetrics, Aarhus University Hospital,
Denmark, from January 2017 to January 2019. CRS with HIPEC was
introduced in our department in January 2016 as a feasibility study in
25 patients [19]. The last 15 patients in the feasibility study were
additionally enrolled in this pharmacokinetic study in order to docu-
ment the pharmacokinetic profile for the dose and the perfusion time
used, see below.

Patients

Eligible study participants were women with FIGO stage III–IV primary
EOC allocated for either upfront or interval CRS. Obligate inclusion
criteria were (a) age 18–75 years; (b) American Society of Anesthesiol-
ogists scores I–II (ASA scores I–II); (c) normal biochemical tests of bone
marrow, kidney, and liver function; (d) completeness of cytoreduction
score 0 (CC–0) [20], defined as nomacroscopic tumor nodules remained
after surgery; and (e) no psychiatric illness or social conditions making
patients unable to follow study requirements and/or give informed
consent. Patientswith stage IVwereonly included if theyhad resectable
metastases within the abdominal cavity or abdominal wall, or if there
was complete remission of extra-abdominal metastatic disease after
three series of neoadjuvant chemotherapy.

All patients had a midline incisional laparotomy from the
symphysis to the xiphoid process. At the onset of surgery, the extent
of disease was evaluated using the peritoneal cancer index (PCI)
developed by Jaquet and Sugarbaker [21]. Three gynecologic on-
cologists specialized in CRS were included in the surgical team.
They were assisted by a colorectal surgeon and/or a surgeon
experienced in upper abdominal surgery whenever resection of
bowel and/or upper gastrointestinal organ resection was per-
formed. Patients who received both upper and lower abdominal
peritonectomy procedures were categorized as having a major
peritonectomy procedure. If only a lower abdominal peritonectomy
procedure was performed, patients were categorized as having a
minor peritonectomy procedure.

HIPEC procedure

Following the cytoreductive procedure, HIPEC was performedwith an
open abdominal technique using the Performer HT® system from
RAND (Medolla, Italy). A plastic cover with a slit was used to diminish
heat loss from the perfusate and allowed the surgeon’s hand to get
access to the abdomen. The setup for the open abdominal technique is
shown in Figure 1. Two inflow and three outflow catheters were con-
nected to the perfusion system, and 5000mL of 0.9% isotonic sodium
chloride was heated and used as carrier solution. When perfusate
temperature was stable at 41–42 °C, carboplatin 800mg/m2was added
to the perfusate as a single dose via the patient inflow catheters. Two
dose escalating phase I studies have already estimated the maximum
tolerated dose of carboplatin to be 800 mg/m2 and 1000 mg/m2,
respectively [9, 10], and as HIPEC was a new procedure in our
department we chose the lowest of these for safety reasons.
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Furthermore, a maximumdose of 1600mg carboplatin was used if the
body surface areawasmore than 2.0m2. Perfusion timewas 90min, as
we wanted to evaluate pharmacokinetics at the perfusion time, which
wasmost often used for carboplatinHIPEC. After completion ofHIPEC,
perfusatewas immediately drained from the abdominal cavity, and no
further salvage was performed before abdominal wound closing. An
abdominal drainage tube was left in Douglas’s pouch for 2 days
postsurgery.

Sample collection, storage, and analysis

Perfusate sampleswere taken from the joined outflow catheters at 0, 5,
7½, 10, 20, 30, 40, 50, 60, 70, 80, and 90min of HIPEC. Blood samples
were obtained in heparinized tubes at 0, 15, 30, 45, 60, 75, and 90 min
of HIPEC and 8, 16, 24, and 48 h after HIPEC. Blood samples were
centrifuged at 2000 g for 10 min at 4 °C to separate plasma from the
blood cells, and 2 mL plasma samples were obtained for storage.

Perfusate and plasma samples were stored at −80 °C until anal-
ysis. Total carboplatin concentrations were determined using liquid
chromatography–mass spectrometry, where the lower limit of quan-
tification (LLQ) was 0.01 µg/mL and the coefficient of variation was
below 10%. Samples with higher concentrations than the calibration
range (0.01–5.00 µg/mL) were diluted and reassayed.

Pharmacokinetics

Carboplatin pharmacokinetics was assessed by noncompartmental
analysis using Phoenix® WinNonlin® version 8.0. The pharmacoki-
netic parameters calculated were the maximum concentration in
perfusate and plasma, CmaxPF and CmaxPL; terminal half-life in
perfusate and plasma, T½PF and T½PL; and area under the
concentration-time curves (AUCs), using the trapezoidal method: AUC
for perfusate in the perfusion period, AUC90PF; AUC for plasma in the
perfusion period, AUC90PL; and AUC for plasma in the total sampling
period, AUCtotalPL. Individual values for AUC90PF, AUC90PL, and
AUCtotalPL were interpreted as a measure of carboplatin exposure.
Finally, the intraperitoneal-to-plasma AUC ratio for the 90 min
perfusion time was calculated for each patient (AUC90PF/AUC90PL).

Samples with concentration values below LLQ were excluded
from the pharmacokinetic analysis.

Hematological toxicity

Hematological toxicity defined as episodes of leucopenia, neu-
tropenia, thrombocytopenia, and/or anemia within 30 days was

evaluated and recorded according to the Common Terminology

Criteria for Adverse Events, v4.0 [22].
Blood samples evaluating hemoglobin and white blood cell

count with differential and platelets were taken the day before sur-
gery, daily on days 1–7, and on days 14, 21, and 30 after surgery.
Anemia and thrombocytopenia registered during surgery and the first
postoperative day were not interpreted as hematological toxicity but
as a result of the CRS procedure. A further decrease in these parame-
ters within day 1–30 postoperatively was assessed as HIPEC-related
hematological toxicity. Severe and life-threatening toxicity (grades 3–
5) is reported here.

Statistical analyses

Demographic and clinical data were prospectively collected and
analyzed with descriptive statistics using STATA/IC, version 14. The
pharmacokinetic parameters were considered normally distributed
when transformed to the logarithmic scale. In the statistical analyses,
mean estimates of all pharmacokinetic parameters are presented as
geometric means with 95% confidence intervals (95% CIs).

Difference in mean AUC ratio between minor and major peri-
tonectomy groups was explored with Student’s t-test. A p-value <0.5
was considered statistically significant.

Figure 1: Hyperthermic intraperitoneal chemotherapy (HIPEC)
performed with the open abdominal technique.

Table : Patient characteristics, n=.

Characteristic Median (Range)

Age, years  (–)
BMI, kg/m

 (–)

N (%)

ASA
ASA I  (.)
ASA II  (.)

Primary tumor site
Fallopian tube  (.)
Ovary  (.)
Primary peritoneal  (.)

Histology
High grade serous  (.)
Clear cell  (.)

FIGO stage
FIGO III  (.)
FIGO IV  (.)

N, number of patients; BMI, body mass index; ASA, American Society
of Anesthesiologists score; FIGO, International Federation of
Gynecology and Obstetrics.
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Results

Patients, surgery, and HIPEC

Fifteen patients with EOC were enrolled in the study from
January 2017 to January 2019. Six patients were in stage III,
and nine patients were in stage IV at the time of diagnosis.
Patient characteristics are outlined in Table 1. Four patients
received HIPEC with carboplatin as part of upfront CRS and
11 patients as part of interval CRS. Median PCI was 8 (range:
3–22), and the median operative time including the HIPEC
procedure was 321 min (range: 260–450 min). Details
regarding CRS and theHIPECprocedure are given inTable 2.

Pharmacokinetics

In total, 180 perfusate samples and 165 plasma samples
were obtained from the 15 patients for the pharmacokinetic
analysis. Concentrations in all plasma samples taken 48 h
after the start of HIPEC were below LLQ and were excluded
from the analysis.

The individual and mean pharmacokinetic parameters
of carboplatin are reported in Table 3. Mean maximum
concentration of carboplatin was 12 times higher in
perfusate than plasma (mean CmaxPF=348 µg/mL (range:

279–595 µg/mL) versusmeanCmaxPL=29 µg/mL (range: 21–
39 µg/mL)). The mean terminal half-life of carboplatin in
perfusate was 104min (range: 63–190) and 160 (range: 131–
193) minutes in plasma. Only in two patients (13.3%), the
terminal half-life of carboplatin in perfusate was shorter
than the 90 min perfusion time. The mean intraperitoneal-
to-plasma AUC ratio was 12.3 (range: 7.4–17.2), and there
was no statistically significant difference between the two
peritonectomy groups, as the ratio between the mean
intraperitoneal-to-plasmaAUC ratio inminor peritonectomy
group (n=9) and major peritonectomy group (n=6) was 1.00
(p=0.99, 95% CI: 0.75–1.3).

The mean carboplatin concentrations in perfusate and
plasma during HIPEC perfusion and in plasma 8, 16, and
24 h after the start of HIPEC are displayed in Figures 2 and 3,
respectively. Figure 1 illustrates that despite high carbo-
platin concentrations being measured in the perfusate
during the total perfusion period, plasma carboplatin con-
centrations increased only slightly and were around eight
times lower even after 90 min of hyperthermic perfusion.

Hematological toxicity

No deaths or grade 4 (life-threatening) hematological tox-
icities were identified. Two patients (13%), both of whom

Table : CRS and HIPEC details, n=.

Patient
ID

Time of
CRS

PCI Extent of
peritonectomy

Duration of surgery
including

HIPEC (min)

Intraoperative
bleeding (mL)

Perfusate volume in
abdomen (L)

Body surface
area (m)

Carboplatin
dose (mg)

 Interval  Minor   . . 
a

 Upfront  Major   . . 

 Interval  Minor   . . 

 Interval  Minor   . . 
a

 Interval  Major   . . 

 Interval  Minor   . . 

 Upfront  Major   . . 

 Upfront  Minor   . . 

 Interval  Minor   . . 

 Interval  Major   . . 

 Upfront  Major   . . 

 Interval  Major   . . 
a

 Interval  Minor   . . 
a

 Interval  Minor   . . 

 Interval  Minor   . . 

Median    . . 

Range – – – .–. .–. –
IQR – – – .–. .–. –

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; PCI, peritoneal cancer index; IQR, interquartile range.
Major peritonectomy: upper and lower abdominal peritonectomies were performed.
Minor peritonectomy: only lower abdominal peritonectomy was performed.
aMaximum dose defined in study protocol was  mg equivalent to a body surface area of . m.
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hadundergone interval CRS,had transient episodesof grade
3 neutropenia (0.5 × 109/L<neutrophil count<1.0 × 109/L)
around 9–14 days after surgery. No episodes of grade 3
thrombocytopenia (25.0 × 109/L<platelet count<50.0 × 109/
L) or grade 3 anemia (hemoglobin<4.9 mmol/L) were
observed within 30 days.

Discussion

This study evaluated the pharmacokinetics of carboplatin
at dose 800 mg/m2 used for 90 min HIPEC in 15 patients
with EOC undergoing modern era CRS. It was found that
carboplatin has a favorable pharmacokinetic profile for
HIPEC administration, as high intra-abdominal concen-
trations of carboplatin were obtained during the entire
perfusion with a single-dose administration, and the sys-
temic uptake was limited. Also, no statistical significant
relation between the extent of peritonectomy and the sys-
temic absorption of carboplatin was found.

The magnitude of the intraperitoneal-to-plasma AUC
ratio reflects the rate of carboplatin clearance from the
peritoneal cavity relative to the clearance of carboplatin
from the systemic circulation. The mean intraperitoneal-to-
plasma AUC ratio in our study corresponds well to the
intraperitoneal-to-plasma AUC ratios reported from phase I
studies with intraperitoneal administration of carboplatin,
which is described to be in the range of 10–18 [8, 23–25].
Several individual physiological parameters can affect
clearance from both compartments such as the size of the
diffusion area, blood drainage to the peritoneal surfaces,
and kidney function, which the broad range of the

Table : Carboplatin pharmacokinetics, n=.

Patient
ID

CmaxPF
(µg/mL)

CmaxPL
(µg/mL)

T½PF
(min)

T½PL
(min)

AUCPF
(min × µg/mL)

AUCPL
(min × µg/mL)

AUCtotalPL
(min × µg/mL)

AUC
ratioa

     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
     , , , .
Meanb

    , , , .
CI% – – – – ,–, ,–, ,–, .–.
Range – – – – ,–, ,–, ,–, .–.
IQR – – – – ,–, ,–, ,–, .–.

Cmax, maximum concentration; PF, perfusate; PL, plasma; T½, terminal half-life; AUC, area under concentration-time curve during perfusion
time; AUCtotal, area under concentration-time curve for total sampling period; CI%, % confidence interval; IQR, interquartile range.
aAUCPF/AUCPL.
bGeometric mean.

Figure 2: Mean carboplatin concentration µg/mL with standard
errors measured in perfusate and plasma during hyperthermic
intraperitoneal chemotherapy (HIPEC) perfusion, n=15 patients.
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individual intraperitoneal-to-plasmaAUC ratios inour study
(7.4–17.2) clearly illustrates. Variable drug absorption and
clearance make the prediction of systemic exposure highly
uncertain. Under ideal conditions, an estimation of the ex-
pected drug absorption and drug clearance should bemade
preoperatively for eachpatient to individualize drugdosage.

The peritoneal-plasma barrier prevents direct diffu-
sion of the cytotoxic drug betweenblood and the peritoneal
cavity. This is a complex physiologic barrier formed by the
tissue surrounding the peritoneal space. The peritoneum
consists of a single layer of mesothelial cells overlying
several layers of connective tissue. The peritoneum plays a
major role in secretion of lubricants and generation of local
immunological responses, but it does not provide a sig-
nificant barrier to drug diffusion. The major resistance to
drug diffusion from the peritoneal cavity to the systemic
circulation consists of the capillary endothelium and the
cell-matrix system surrounding the vessel in the sub-
peritoneal tissue [26]. This is probably themain reasonwhy
stripping of large surfaces of the peritoneum, which is
common in CRS, does not seem to affect transport of the
intraperitoneal delivered drug into the systemic circula-
tion. Data from other studies and our data support this
notion [27, 28].

Several parameters can affect the pharmacokinetics
of the drug used for HIPEC, such as the properties of the
carrier solution, volume of the perfusate, temperature
level, duration of HIPEC, and the technique used (open or
closed) [29]. A long perfusate terminal half-life of carbo-
platin (104 min) was found in this study compared to
cisplatin, which has a range of 43–70min [14, 15]. This can
partly be explained by the physical properties of the car-
rier solution used in this study. For instance, isotonic
sodium chloride has a low molecular weight and is
absorbed faster from the peritoneal cavity than carbo-
platin, which may lead to a higher concentration of

carboplatin in the carrier solution, and thereby affect the
perfusate terminal half-life. The long terminal half-life
also reflects that carboplatin stability is high even under
hyperthermic conditions (temperature: 41–42 °C). Based
on this result showing a long perfusate terminal half-life
of carboplatin, we recommend a single-dose administra-
tion of carboplatin when used for HIPEC, as high con-
centrations of carboplatin were found in the perfusate
during the entire 90 min of perfusion in all patients. Also,
the perfusion time of 90 min seems to be appropriate, as
the absorption rate from the perfusate was low in the
majority of our patients.

Minimal hematological toxicity after HIPEC with car-
boplatin at dose 800mg/m2 was observed in this study and
was within the range described by other authors [9, 10].
Steller et al. [9]found that dose-limiting hematological
toxicity was observed at carboplatin dose 1200 mg/m2 and
was associated with a carboplatin plasma AUC of
11 min × mg/mL. This corresponds well with our findings,
as none of our patients had carboplatin plasma AUC values
above this threshold value. Both patients with isolated
transient grade 3 neutropenia had interval CRS with a mi-
nor peritonectomy procedure (Patient IDs 9 and 14 in Ta-
bles 2–3). They had low intraperitoneal-to-plasma AUC
ratios (7.4 and 9.7), and AUC90PL and AUCtotalPL were
above the mean value for both patients. The combination
of these pharmacokinetic parameters and increased
vulnerability to bone marrow suppression because the
patients had already received neoadjuvant chemotherapy
could be possible explanations. It is, however, important to
emphasize that neither of the two patients had episodes of
febrile neutropenia, changes in other hematological pa-
rameters, or other complications. Hypothetically, it seems
natural to lower the dosage of the chemotherapy used in
HIPEC as part of interval CRS, if the patient during neo-
adjuvant chemotherapy treatments had experienced

Figure 3: Mean carboplatin concentration
µg/mL with standard errors measured in
perfusate and plasma during hyperthermic
intraperitoneal chemotherapy (HIPEC)
perfusion and in plasma at 8,16 and 24 h
after the start of HIPEC, n=15 patients.
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severe bonemarrow suppression, but it is beyond the scope
of the present study.

One strength of the present study is that the pharma-
cokinetics of carboplatin was evaluated in 15 patients,
given the same body surface dosage of carboplatin
(800 mg/m2) and a fixed volume of the carrier solution,
which clearly visualizes the great interindividual variation
of the pharmacokinetic parameters. The prospective study
design including the systematic biochemical evaluation of
the patients is another strength. The total concentration of
carboplatin was measured in the plasma samples (protein-
bound + free carboplatin) but the concentration of ultra-
filterable carboplatin (free carboplatin) was not measured,
which is a potential limitation of this study seen in a clin-
ically perspective because only free platinum species are
considered cytotoxic [30]. Another limitation is that
HIPEC-induced severe anemia might have been masked
because administration of red blood cell transfusion in the
perioperative and postoperative period was allowed if the
patient had symptoms of anemia that restricted post-
operative mobilization of the patient.

Conclusions

In conclusion, our study demonstrates that carboplatin has
a favorable pharmacokinetic profile for HIPEC adminis-
tration after an extensive CRS procedure, but large inter-
individual differences were found in the pharmacokinetic
parameters. Based on our pharmacokinetic analysis, we
recommend a single-dose administration of carboplatin
and a perfusion time of 90 min. No relation between the
extent of peritonectomy and systemic exposure of carbo-
platin was found, and the hematological toxicity was
acceptable at a carboplatin dose of 800 mg/m2. We
recommend that future pharmacokinetic studies focus on
the interindividual differences in drug absorption during
HIPEC, so a clinical tool that would make possible calcu-
lation of an individualized dose based on the presumed
uptake of the drug by the individual patient can be
developed.
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