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ARTICLE INFO ABSTRACT
Keywords Cisplatin based hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown to prolong recurrence free
HI?EC ) and overall survival of women with ovarian cancer who have responded to neoadjuvant chemotherapy. The aim
Ié?‘tllwél Ovarian Cancer of this study was to assess the impact of cytoreductive surgery with or without the addition of HIPEC on renal
1SP. atin f .
unction.

Renal toxicit; - . . . cqs . .
ey Method: This is a retrospective case-controlled study at a tertiary teaching hospital in Dublin, Ireland. All patients

who had interval cytoreductive surgery (CRS) and HIPEC from October 2017 to October 2020 were included. A
cohort of patients who had interval CRS without HIPEC were included as a control. Sodium thiosulphate (ST) was
added to the HIPEC protocol in 2019. In order to assess the impact of ST as a renal protectant, renal function and
post-operative outcomes were compared between the groups.

Results: Sixty patients who had interval CRS were included, thirty of whom received cisplatin-based HIPEC. Seven
received cisplatin 50 mg/m? without the addition of ST. Twenty three patients received cisplatin 100 mg/m? and
ST. There were no statistically differences in age, body mass index BMI, American society of anaesthesia score,
estimated blood loss or peritoneal cancer index between the cohorts (p > 0.05). The only episode of acute kidney
injury (AKI) was within the HIPEC cohort, after cisplatin 50 mg/m2 (without ST) and this was sustained at three
months. In contrast, no patients within the CRS cohort or cisplatin 100 mg/m2 that received the addition of ST,
sustained a renal injury and all had a creatinine within the normal range at three days post operatively.
Conclusion: The renal toxicity associated with cisplatin HIPEC and major abdominal surgery can be minimised
with careful preoperative optimisation, intra operative fluid management and attention to renal function. The
addition of sodium thiosulphate is a safe and effective method to minimise toxicity and should be added to any
cisplatin HIPEC protocol.

1. Introduction subject of much debate. While intraperitoneal chemotherapy (IP) en-
hances local drug delivery to the peritoneal surface, it has not been

Chemotherapy combined with cytoreductive surgery has been the widely adopted due to concerns regarding toxicity issues associated with
mainstay of approach to the treatment of epithelial ovarian cancer the use of the intraperitoneal catheter (Jaaback and Johnson, 2006).
(EOQ). The route of chemotherapy administration in EOC has been the Although historic data demonstrated that adjuvant intraperitoneal
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chemotherapy was associated with a significant survival benefit (Jaa-
back and Johnson, 2006; Tewari et al., 2015), recent randomised trials
have failed to replicate these findings (Walker et al., 2019). Attention,
therefore, has shifted to the use of hyperthermic intra-operative intra-
peritoneal chemotherapy (HIPEC) in EOC. In addition to CRS, HIPEC has
been the cornerstone of treatment in pseudomyxoma peritonei for the
last decade (Sugarbaker et al., 1999; chua et al., 1999).

The open-label OVIHIPEC-1 phase 3 randomised control trial pro-
vides the most robust evidence to support the use of HIPEC in EOC after
complete or near complete (residual disease <2.5 mm) interval cytore-
ductive surgery (van Driel et al., 2018). Using cisplatin at a dose of 100
mg m? for 90 min at 40 °C, the addition of HIPEC significantly increased
recurrence free and overall survival and this has now been incorporated
into National Comprehensive Cancer Network (NCCN) guidelines
(Armstrong et al., 2019). Adoption of HIPEC has been slow due to
concerns regarding morbidity with a particular emphasis on nephro-
toxicity which can be a serious and dose limiting side effect of cisplatin.

The mechanism of cisplatin nephrotoxicity is multifactorial, and may
be related to pre-existing conditions, blood loss, hydration status and
intra-operative fluid management. Cisplatin can also cause direct
nephrotoxicity as it accumulates within the renal epithelial cells leading
to DNA damage and release of damage associated molecular patterns
(DAMPs). As a consequence, cytokines and inflammatory cells are
recruited to the kidney. The resultant accumulation of mast cells, neu-
trophils, macrophages, natural killer (NK) cells and T lymphocytes into
the injured kidneys further exacerbates renal damage (Blachley and Hill,
1981). The mechanism of ST mediated nephroprotection is poorly un-
derstood, however, it may work as a chelating agent as it can binds to,
and chemically inactivates platinum (Elferink et al., 1986) leading to a
reduction in renal excretion, and, as a consequence, limits renal tubular
cell necrosis (Ceresoli et al., 2016). In addition, ST may also protect
against renal magnesium wasting (Coccolini et al., 2015; markman
et al., 1986).

OVIHIPEC-1 trial (van Driel et al., 2018) used sodium thiosulphate
(ST) as a renal protectant, and as a result, there was only one grade three
renal injury in the HIPEC group. This is substantially lower than previ-
ous reports suggesting significantly higher rates of renal injury following
cisplatin-based HIPEC in the absence of sodium thiosulphate neph-
roprotection (Gonzalez Bayon et al., 2013; Sin et al., 2016; Sun et al.,
2017). The reported incidence of renal injury after HIPEC using cisplatin
at 100 mg m? without ST ranges from 0 to 8% (Vaira et al., 2014;
Roviello et al., 2006; Gori et al., 2005; Teo et al., 2013, 2017; Tan et al.,
2017; Cascales-Campos et al., 2014; Gouy et al., 2016; Perazella, 2012;
Sun et al., 2016). Lower doses of cisplatin between 50 and 80 mg/mz,
without the addition of ST, have also resulted in reports of severe kidney
injury in patients who subsequently required dialysis following severe
renal injury (Roviello et al., 2006; Zivanovic et al., 2015; Eckardt and
Kasiske, 2009; Kellum and Lameire, 2013; Elferink et al., 1986; Nagai
et al., 1995). Side effects including anaphylaxis, metabolic acidosis and
prolonged QT interval have been reported but are rare (Laplace et al.,
2020).

There is still paucity of evidence to support the use of sodium thio-
sulphate in HIPEC outside of the OVIHIPEC-1 trial. A number of his-
torical cohort studies have demonstrated that ST may protect against
nephrotoxicity following cisplatin-based HIPEC at a dose of at least 100
Ing/m2 (Ceresoli et al., 2016; Bakrin et al., 2014; Markman et al., 1985;
Ceelen et al., 2012; Jones et al., 2006; Ghirardi et al., 2020). Zanon et al.
used cisplatin at both 100 and 150 mg/m? for 60 min and renal injury
was noted in two patients who did not receive ST (Zanon et al., 2004).
Ghirardi et al. recently reported on the real-life experience of the
implementation of HIPEC using the OVIHIPEC-1 protocol, however did
not focus on renal morbidity (Ghirardi et al., 2020). Based on this
background, the purpose of this study was to analyse the implementa-
tion of HIPEC for EOC within a tertiary peritoneal malignancy centre
and the impact of the addition of sodium thiosulphate infusion on renal
toxicity.
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2. Methods

This was a case-controlled study at a tertiary level hospital in Dublin
Ireland with significant experience in ovarian cancer cytoreductive
surgery and HIPEC. From October 2017 to October 2020, prospective
data was collected on consecutive patients with EOC who attended for
interval CRS with or without the addition of HIPEC. This review was
approved by the Audit Department of the Mater Misericordiae Univer-
sity Hospital.

Following MDT discussion, patients were deemed suitable for in-
terval CRS with or without HIPEC. Inclusion criteria for HIPEC were
stage III/IVa EOC, with an ECOG status <2, who had responded to
neoadjuvant chemotherapy in whom complete or near complete cytor-
eduction (residual disease <2.5 mm) was possible. Exclusion criteria
included those in whom complete cytoreduction was not feasible,
baseline renal dysfunction (creatinine >140 pmmol) or a previous ma-
lignancy in the prior 5 years. In order to assess the impact of HIPEC on
renal toxicity we compared two cohorts — initially those who had in-
terval CRS without HIPEC with those who received HIPEC with
cisplatin. These were age, BMI, ASA and stage matched to the HIPEC
cohort. Excluded from this study were patients who had primary CRS
and prior treatment with bevacizumab.

All women attended a perioperative preassessment clinic with an
anaesthetist. At this, a baseline medical assessment included history and
airway assessment, medication review and baseline renal function was
performed. All women undergoing interval CRS + HIPEC with cisplatin
100 mg/m? had a standardised bowel preparation with immunonu-
trition protocol. Those women who had CRS without the addition of
chemotherapy received a phosphate enema pre operatively. All patients
undergoing CRS with our without HIPEC were pre-emptively admitted
to the high dependence unit (HDU) following surgery. Prior to publi-
cation of the OVIHIPEC trial in 2018, HIPEC was administered using a
dose of 50 mg/m? cisplatin for 60 min (n = 7) without the addition of
sodium thiosulphate (see below). The OVIHIPEC trial protocol was
adopted in our unit in March 2019 and subsequently all women deemed
eligible for HIPEC women received Cisplatin 100 mg/m? over 90 mins
with the addition of sodium thiosulphate (n = 23). HIPEC was admin-
istered using an open coliseum technique using the SUNCHIP2 system
(Gamida, France).

2.1. Intra-operative fluid management

Both cohorts of patients were monitored intra operatively with
invasive arterial blood pressure (BP), fluid responsiveness index (aiming
for pulse pressure variation <12%) and urine output (targeting >1 ml/
kg/hr). In order to maintain mean arterial pressure (MAP), norepi-
nephrine infusion was administered in addition to fluid therapy in
response to an expected drop in SVR from haemodynamic responses to
the procedure and epidural infusion. Colloid or blood were administered
if clinically indicated.

2.2. Sodium thiosulphate protocol

The protocol was adopted from the OVIHIPEC trial (van Driel et al.,
2018) and involved the addition of sodium thiosulfate: 9 g/m? in 200 ml
distilled water, made isotonic with sodium chloride 0.9% given IV over
15-20 min, concurrently at start of hyperthermic infusion of cisplatin.
The initial bolus was followed by 12 g/m? thiosulphate IV continuous
infusion over 6 h. This was made with 1000 ml of sodium chloride 0.9%
and infused at 167 ml/hr. Urine production was closely monitored with
an aim that intra-operative urine output should be >1 ml/kg/hr
throughout the procedure and for 24 h in HDU following surgery. Hourly
fluid input and output was documented and 12 hourly renal function
was performed as standard.
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2.3. Data collection and statistical analysis

Baseline laboratory data (baseline serum creatinine, glomerular
filtration rate (GFR), and clinical data (histology, stage, age, BMI,
peritoneal carcinomatosis index (PCI)) was collected prospectively from
the electronic patient record. Intraoperative data (intraoperative solute
and fluid management, red cell transfusion) was obtained from the
anaesthetic electronic record. Descriptive statistics were generated for
clinicopathologic variables, including means, medians, ranges, and
standard deviations for continuous data and frequencies and percent-
ages for categorical data respectively. Quantitative variable were
assessed with one way ANOVA test across all cohorts and Mann Whitney
test was used to compare differences between two groups. Statistical
significance was set at p < 0.05 for all analysis that were performed
using IBM SPSS 24 or Prism Graph Pad.

2.4. Classification of renal disease

The definition of AKI was based on the 2012 Kidney disease,
improving global outcomes system of renal failure classification (Kellum
and Lameire, 2013; Arjona-Sanchez et al., 2016) (Table S1). In addition,
absolute increases in serum creatine (sCr) the delta creatinine system
was also used: Stage 0, sCr increase <0.3 mg/dL (<26.5 pmol/1), Stage
1, sCr increase 0.3-0.69 mg/dL, Stage 2, sCr increase 0.7-1.19 mg/dL
and Stage 3, sCr increase >1.2 mg/dL or initiation of renal replacement
therapy. Baseline sCr was defined as creatinine at pre-operative assess-
ment or on day of admission. The peak sCr was defined as the highest sCr
value reached during hospitalisation. The use of a standardised criteria
enables early detection and treatment of patients with AKI.

3. Results

A total of sixty women, who attended for interval CRS surgery for
advanced ovarian cancer between October 2017 and October 2020,
were included in this study. All patients included had three cycles of
NACT with carboplatin and paclitaxel. Thirty patients received cisplatin-
based HIPEC. A similar age and BMI matched cohort of 30 patients who
had interval CRS without HIPEC between Jan 2019 and June 2020 were
included as control cases. The clinical characteristics and demographics
were summarized in Table 1. In summary, there were no statistically
differences in age, BMI, ASA score, estimated blood loss or peritoneal
cancer index (PCI) between all cohorts (p > 0.05). The median length of
stay for the cytoreductive group was 7 days (IQR 3-9.5) and 13 days
(IQR 8.5-19) for HIPEC patients. Intraoperative fluid management, PCI
and EBL also remained stable across both HIPEC cohorts (Table 1).
Among the patients who received cisplatin, twenty three had HIPEC
with 100 mg/m? cisplatin for 90 min with ST and seven patients had
HIPEC with 50 mg/m? cisplatin for 60 min without ST.

Hypoalbuminaemia was observed in all cohorts on day three post
operatively (Table 2). No acute acid-base disturbances were identified in
the first 24 post-operative hours. No allergic reaction to sodium thio-
sulphate was observed in this study. Electrolyte disturbances in the form
of hypocalcemia, hypokalemia, hypophosphatemia, and hypomagnese-
mia are commonly seen in recovery phase of renal injury (Blachley and
Hill, 1981; Lajer et al., 2003). Three patients developed hypomagnese-
mia (<0.70 mmol/1) within the first 24 h of HIPEC (3/30, 10%) with one
of these in the cisplatin 50 mg/m? cohort who did not receive ST. Serum
creatinine and GFR remained within normal limits in all of these patients
up to post-operative day three.

3.1. Acute renal failure

Within the thirty patients who had CRS, no patient had an AKI as per
the KDIGO definition. One patient had a grade 3a chronic renal failure
prior to CRS. Six (20%) experienced a rise in creatinine on day one
(median rise in creatinine = 10 ummol, SD = +3.2) with two of these
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Table 1
Demographic and intraoperative Data: All cohorts.
CRS with HIPEC CRS No P
n =30 chemotherapy value
n =30 chi2
Median Age (IQR) years 55 (46-62) 55.5 (38-85) 0.21
Median BMI (IQR) kg/m2 24 (19-28) 25.8 (21-37) 0.22
Number with BMI > 25 10 (33%) 12 (40%)
ASA score (Median + SD) 2 (+0.49) 2 (£0.50) 0.7
ECOG status -median (range) 0(0-1) 0(0-2)
PCI (median IQR) 15 (7-12) 12 (3-14) 0.4

FIGO stage- median (range)

IIIC (IIIC(- IVB)

IIIC (IIB - IVB)

Intraoperative Fluid Management
Median (+IQR)
Hartmans ml 1000
(1000-3400)

3400 (900-5000) 0.3

Gelofusion ml 950 (0-1050) 750 (500-1375) 0.26

Intraoperative Red Cell 1 (0-1.75) 2(1-2) 0.6
Concentrate (units)

Total operative urine output 937.5 375 (181-1091) 0.22
ml (210-1154.5)

Estimated intraoperative 3500 1150 (900-1750) 0.24

blood loss ml (1000-1778)

CoMorbidities CRS with HIPEC CRS No chemotherapy
n = 30 n =30
Diabetes 5 (7%) 0
Renal Failure 1 (3.3%) 1 (3.3%)
Cardiac 1 (3.3%) 1 (3.3%)
Respiratory 5 (16.6%) 3 (10%)
Table 2

Laboratory data of CRS with and without HIPEC.

Cytoreduction and Chemotherapy with Cytoreduction with no

Cisplatin chemotherapy
Median Cisplatin Cisplatin CRS no P value
50 mg/m?> 100 mg/ chemo (ANOVA)
n=7 m? n=30
n=23
Baseline 69 (17.4) 63.5(11.7) 66 (11.9) 0.09
creatinine
Day 1 creatinine 66 (23.9) 60.5(12.9) 63 (13.2) 0.14
Day 3 creatinine 55 (20.4) 51.5(12.3) 57 (13.8) 0.10
3 month follow 55* (27.6) 69* (13.6) 58* (12.3) 0.98
up
Baseline urea 4(1.2) 4.35(1.4) 4.15(0.7) 0.65
Day 1 urea 4.3 (0.5) 3.9(0.9) 3(1.0) 0.015
Day 3 urea 4.8 (2.1) 4.05(1.66) 3.45(1.4) 0.15
Baseline Albumin 38 (8.9) 34 (7.62) 41.5(7.18) 0.32
Day 3 Albumin 21 (3.2) 28 (5.31) 26.5 (5.5) 0.08
pH at 12hrs 7.40 7.33(0.04) 7.4 (0/05) 0.28
(0.05)
pH at 24hrs 7.38 7.34(0.05) 7.4 (0.2) 0.0004
(0.03)
Lactate at 12 hrs 2.1 (1.25) 1.9 (1.08) 1.2 (0.6) 0.08
Lactate at 24 hrs 2.2(1.34) 1.4 (0.84) 1.3 (0.5) 0.10

Median + SD.
Creatinine = pmmol/1.
Urea — mmol/1.
Albumin = g/1.
*Data available for:
e Cisplatin 50-5/7 patients
e Cisplatin 100-6/23
e CRS no chemo - 12/30.
Normal ranges
Creatinine (46-86 pmmol).
Urea (2.8-8.6).
Albumin (35-50).
Ph (7.35-7.45).
Lactate (0.5-2).
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having a creatinine above the normal range (>86 ummol). At day three,
only the patient with pre-existing chronic renal failure had a persistently
high serum creatinine

Within the HIPEC group, one patient developed AKI. This patient had
anormal baseline renal function and no co morbidities (ECOG status was
0). She received cisplatin 50 mg/m? for 60 min without ST. Her mag-
nesium was high when tested on day one (0.83 mmol/1) and had nor-
malised when retested day ten. She had a persistently high creatinine at
day three (133 pymmol) and again at three months (108 pmmol) and
subsequently developed stage 3 CKD. She remains disease free on follow
up (36 months). Four (4/7, 57.1%) patients who received 50 mg/m2
cisplatin did have a rise in creatinine within a 48 h period (median rise
in creatinine = 7 ummol, SD + 22.7)). This did not reach the KDIGO
criteria for AKI (Increase in SCr > 26.4 umol/L within 48 h). By day
three, all creatinine levels decreased, however two patients (28.5%)
having a persistently high creatinine (>86 ymmol) above the normal
limit.

No patients within the cisplatin 100 mg/m? with ST cohort devel-
oped AKI. (Eleven (47.8%) experienced a small rise in creatinine levels
within a 48 h period (median rise = 6 ummol + SD 3.53) and the
remainder experienced a fall or stable creatinine (median fall = 9
ummol + SD 7.9). By day three, only three patients had a persistent rise
in creatinine from baseline (3/23, 13%) however this median rise of
3ummol, did not classify any of these patients as reaching criteria
diagnostic for sustained AKI. No patients had a creatinine level outside
the normal range (>86 ymmol) at 48 h (Fig. 1).

3.2. Delta creatinine

There was one AKI as defined by the delta creatinine system with the
peak sCr occurring at day 7. This was in a patient who did not receive ST
with 50 mg cisplatin. The median peak rise in creatinine was 9 ummol
within the HIPEC group equating to stage O delta creatinine. In the
cisplatin 50 group, the delta creatine was negative 21 ummol in three
patients (3/7, 42.8%) and a negative 12 ymmol in 18 of the cisplatin 100
cohort.

3.3. MAKE 30 (Major adverse kidney event at 30 days)

Persistent renal dysfunction was seen at 30 days, in two patients, one
of whom received cisplatin 50 mg/m?, administered without the addi-
tion of ST, the other had CRS surgery and grade 3a CKD prior to surgery.
Data on renal function was available in 25 patients, 8 patients in the CRS
group, and 17 in the HIPEC group. Within the CRS cohort, there was a
small rise in serum creatinine in 4 of these from day one levels (median
rise = 12 pmmol). Within the cisplatin cohort, 5 had a small rise in
creatine ( median = 5 pmmol) also not reaching criteria for chronic
kidney disease. There was no mortality within a 30 day period in either
cohort.
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3.4. Chronic renal impairment

Renal laboratory data was available for 11 (11/30, 36.6%) patients
in the HIPEC group and twelve patients (12/30, 40%) in the CRS group
at three month follow up. One case of new onset chronic kidney disease
(eGFR loss > 25%) at 3 months was observed as described above. Two
patients had abnormally low GFR (GFR 45-59) when tested pre opera-
tively. However, both had normal GFR and renal function within the
three month period prior to surgery and both patients renal function
improved and had normalised by four weeks post operatively. One of
these patients developed progressive EOC disease and died on day 79
post operatively.

4. Discussion

Herein we explore the incidence of AKI and CKD in a cohort of pa-
tients undergoing CRS with and without HIPEC. Importantly, following
adaptation of the OVIHIPEC trial protocol, which resulted in double the
dose of cisplatin from 50 to 100 mg/m? and the addition of ST as a renal
protectant, we describe no evidence of AKI or CKD.

Despite the proven survival benefit with HIPEC (van Driel et al.,
2018), multiple high profile contributors have suggested that this is a
highly morbid procedure (Vergote et al., 2019). However it is often
overlooked that CRS with or without the addition of HIPEC is a complex
surgical procedure requiring careful patient selection and meticulous
perioperative care. Validation of clinical trial data using real life data
and experience of any new protocol is important given the inherent
selection bias of all randomised control trials. Therefore although the
numbers included in this study are relatively small, they provide
important evidence of the OVIHIPEC protocol is not associated with
increased renal morbidity outside of a trial protocol. This is important as
cisplatin included nephrotoxicity is multifactorial and factors such as
age, BMI and use of other nephrotoxic agents may be important con-
tributors to renal injury which may not be reflected in clinical trials with
strict inclusion criteria. (Arjona-Sanchez et al., 2016).

As a consequence, all patients in our unit are pre operatively assessed
with close attention to baseline renal function medications and ECOG
status. As per the OVIHIPEC-1 protocol for use of ST, careful dose
adjustment of 33% was made in those patients in whom nephrotoxicity
with cisplatin is high risk (age > 65, BMI > 40). During the HIPEC
procedure, large volume changes occur with the removal of ascites,
resection of the peritoneum and fluid loss from a laparotomy incision. In
addition, peritoneal inflammation and heat-induced fluid losses during
administration of chemotherapeutic agents at 41C cause electrolyte and
cytokine changes and a hypermetabolic state. This induces a state
similar to sepsis with a fall in systemic vascular resistance (SVR) and a
compensatory increase in heart rate (HR) and cardiac output (CO)
placing the patient at risk of tissue hypoperfusion (Shime et al., 1994).

In HIPEC cases, a more liberal fluid strategy of 10-15 ml/kg/hr has
often been used in comparison to 6-8 ml/kg/hr for other major
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Fig. 1. Median Creatinine Results: Baseline, Day 1, Day 3.

EN



K. Glennon et al.

abdominal surgery and 4 ml/kg/hr for restricted or goal-directed fluid
therapy (Bezu et al., 2020). The role of fluid administration strategies
and their impact on AKI is not yet clearly defined in the literature. Two
studies that examined the relationship between fluid volume and AKI
found no correlation, rather suggesting that any AKI is more likely to be
due to the nephrotoxic agents themselves (Shiralkar et al., 2017;
Owusu-Agyemang et al., 2012). A recent systematic review, however,
does suggest goal-directed fluid therapy with a more restrictive
approach, to minimise complications related to fluid overload, is asso-
ciated with less postoperative morbidity and mortality (Bezu et al.,
2020). Our results show that our fluid administration volumes fall
within the range of 8-10 ml/kg/hr, in line with experience at other
institutions.

This study has a number of limitations. The patient cohort is small.
Certain clinical laboratory variables and a three month follow up of
renal function was not standardised across all patients. However, only
one patient developed severe AKI with HIPEC and this was prior to the
addition of sodium thiosulphate using a lower dose of cisplatin than that
currently employed in many units since the publication of the
OVIHIPEC-1 trial and provides further evidence to support this protocol
as the OVIHIPEC-2 trial begins to recruit (Koole et al., 2020). This aims
to determine whether primary CRS with HIPEC in EOC improves out-
comes compared to primary CRS alone.

A combined approach, incorporating careful intra operative fluid
management and attention to renal function, alongside the use of so-
dium thiosulphate infusion during and after HIPEC (100 mg/m? of
cisplatin for 90 min), can help minimise the severe consequences asso-
ciated with renal damage.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. It was
supported by the UCD Clinical Research Centre in the UCD School of
Medicine. All authors who contributed to the manuscript are named
authors and approve the final manuscript.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gore.2021.100796.

References

Arjona-Sanchez, A., Cadenas-Febres, A., Cabrera-Bermon, J., Munoz-Casares, F.C.,
Casado-Adam, A., Sanchez-Hidalgo, J.M., Lopez-Andreu, M., Bricefio-Delgado, J.,
Rufian-Pena, S., 2016. Assessment of RIFLE and AKIN criteria to define acute renal
dysfunction for HIPEC procedures for ovarian and non ovarian peritoneal
malignances. Eur. J. Surg. Oncol. 42 (6), 869-876. https://doi.org/10.1016/].
€js0.2015.12.016. Epub 2016 Feb 11 PMID: 26898841.

Armstrong, D.K., et al., 2019. NCCN Guidelines Insights: Ovarian Cancer, Version
1.2019. J Natl Compr Canc Netw 17, 896-909.

Bakrin, N., Classe, J.M., Pomel, C., Gouy, S., Chene, G., Glehen, O., 2014. Hyperthermic
intraperitoneal chemotherapy (HIPEC) in ovarian cancer. J. Visc. Surg. 151 (5),
347-353. https://doi.org/10.1016/j.jviscsurg.2014.07.005. Epub 2014 Aug 29
PMID: 25168575.

Bezu, L., Raineau, m., Deloménie, m., et al., 2020. Haemodynamic management during
hyperthermic intraperitoneal chemotherapy: A systematic review. Anaesth Crit Care
Pain Med 39 (4), 938-942.

Blachley, J.D., Hill, J.B., 1981. Renal and electrolyte disturbances associated with
cisplatin. Ann. Intern. Med. 95 (5), 628-632. https://doi.org/10.7326,/0003-4819-
95-5-628. PMID: 7027859.

Cascales-Campos, P., Gil, J., Gil, E., Feliciangeli, E., Lopez, V., Gonzalez, A.G., Ruiz-
Pardo, J., Nieto, A., Parrilla, P., 2014. Cytoreduction and HIPEC after neoadjuvant
chemotherapy in stage IIIC-IV ovarian cancer. Critical analysis in elderly patients.

Gynecologic Oncology Reports 37 (2021) 100796

Eur. J. Obstet. Gynecol. Reprod Biol. 179 (88-93) https://doi.org/10.1016/j.
ejogrb.2014.05.018. Epub 2014 Jun 2. PMID: 24965986.

Ceelen, W.P., Van Nieuwenhove, Y., Van Belle, S., Denys, H., Pattyn, P., 2012.
Cytoreduction and hyperthermic intraperitoneal chemoperfusion in women with
heavily pretreated recurrent ovarian cancer. Ann. Surg. Oncol. 19 (7), 2352-2359.
https://doi.org/10.1245/510434-009-0878-6. Epub 2009 Dec 29 PMID: 20039210.

Ceresoli, M., Coccolini, F., Ansaloni, L., 2016 Jun. HIPEC and nephrotoxicity: A cisplatin
induced effect? Eur J Surg Oncol. 42 (6), 909-910. https://doi.org/10.1016/j.
€js0.2015.08.174. Epub 2016 Feb 26 PMID: 26965304.

chua, T., Moran, B., Sugarbaker, P., 1999. Early and long-term outcome data on 2298
patients with pseudomyxoma peritonei of appendiceal origin treated by a strategy of
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. J Clin Oncol
2449-2456.

Coccolini, F., Campanati, L., Catena, F., Ceni, V., Ceresoli, M., Jimenez Cruz, J., Lotti, M.,
Magnone, S., Napoli, J., Rossetti, D., De Iaco, P., Frigerio, L., Pinna, A.,
Runnebaum, I., Ansaloni, L., 2015. Hyperthermic intraperitoneal chemotherapy with
cisplatin and paclitaxel in advanced ovarian cancer: a multicenter prospective
observational study. J. Gynecol. Oncol. 26 (1), 54-61. https://doi.org/10.3802/
jg0.2015.26.1.54.

Eckardt, K.U., Kasiske, B.L., 2009. Kidney disease: improving global outcomes. Nat Rev
Nephrol. 5 (11), 650-657. https://doi.org/10.1038/nrneph.2009.153. Epub 2009
Sep 29 PMID: 19786993.

Elferink, F., van der Vijgh, W.J., Klein, L., Pinedo, H.M., 1986. Interaction of cisplatin and
carboplatin with sodium thiosulfate: reaction rates and protein binding. Clin. Chem.
32 (4), 641-645. PMID: 3513991.

Ghirardi, V., Ronsini, C., Trozzi, R., Di Ilio, C., Di Giorgio, A., Cianci, S., Draisci, G.,
Scambia, G., Fagotti, A., 2020. Hyperthermic intraperitoneal chemotherapy in
interval debulking surgery for advanced epithelial ovarian cancer: A single-center,
real-life experience. Cancer 126 (24), 5256-5262. https://doi.org/10.1002/
cner.33167. Epub 2020 Sep 15 PMID: 32931024.

Gonzalez Bayon, L., Steiner, M.A., Vasquez Jimenez, W., Asencio, J.M., Alvarez de
Sierra, P., Atahualpa Arenas, F., Rodriguez del Campo, J., Garcia Sabrido, J.L., 2013.
Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for the
treatment of advanced epithelial ovarian carcinoma: upfront therapy, at first
recurrence, or later? Eur. J. Surg. Oncol. 39 (10), 1109-1115. https://doi.org/
10.1016/].€j50.2013.06.022. Epub 2013 Jul 17. PMID: 23870278.

Gori, J., Castafo, R., Toziano, M., Hébich, D., Staringer, J., De Quirés, D.G., Felci, N.,
2005. Intraperitoneal hyperthermic chemotherapy in ovarian cancer. Int. J. Gynecol.
Cancer 15 (29), 233-239. https://doi.org/10.1111/j.1525-1438.2005.15209.x.
PMID: 15823105.

Gouy, S., Ferron, G., Glehen, O., Bayar, A., Marchal, F., Pomel, C., Quenet, F., Bereder, J.
M., Le Deley, M.C., Morice, P., 2016. Results of a multicenter phase I dose-finding
trial of hyperthermic intraperitoneal cisplatin after neoadjuvant chemotherapy and
complete cytoreductive surgery and followed by maintenance bevacizumab in
initially unresectable ovarian cancer. Gynecol. Oncol. 142 (29), 237-242. https://
doi.org/10.1016/j.ygyno.2016.05.032. Epub 2016 Jun 2 PMID: 27246305.

Jaaback, K., Johnson, N., 2006. Intraperitoneal chemotherapy for the initial
management of primary epithelial ovarian cancer. Cochrane Database Syst. Rev. 1,
CD005340. https://doi.org/10.1002/14651858.CD005340.pub2. Update in:
Cochrane Database Syst Rev. 2011;(11):CD005340. PMID: 16437527.

Jones, E., Alvarez Secord, A., Prosnitz, L.R., Samulski, T.V., Oleson, J.R., Berchuck, A.,
Clarke-Pearson, D., Soper, J., Dewhirst, M.W., Vujaskovic, Z., 2006. Intra-peritoneal
cisplatin and whole abdomen hyperthermia for relapsed ovarian carcinoma. Int. J.
Hyperthermia 22 (29), 161-172. https://doi.org/10.1080/02656730500515270.
PMID: 16754599.

Kellum, J.A., Lameire, N., KDIGO AKI Guideline Work Group, 2013. Diagnosis,
evaluation, and management of acute kidney injury: a KDIGO summary (Part 1).
Crit. Care 17 (1), 204. https://doi.org/10.1186/cc11454. PMID: 23394211; PMCID:
PMC4057151.

Koole, S., van Stein, R., Sikorska, K., Barton, D., Perrin, L., Brennan, D., Zivanovic, O.,
Mosgaard, B.J., Fagotti, A., Colombo, P.E., Sonke, G., Driel, W.J.V., 2020. OVHIPEC-
2 Steering Committee and the Dutch OVHIPEC group. Primary cytoreductive surgery
with or without hyperthermic intraperitoneal chemotherapy (HIPEC) for FIGO stage
III epithelial ovarian cancer: OVHIPEC-2, a phase III randomized clinical trial. Int. J.
Gynecol. Cancer 30 (6), 888-892. https://doi.org/10.1136/ijgc-2020-001231. Epub
2020 Mar 23. PMID: 32205449.

Lajer, H., Bundgaard, H., Secher, N.H., Hansen, H.H., Kjeldsen, K., Daugaard, G., 2003.
Severe intracellular magnesium and potassium depletion in patients after treatment
with cisplatin. Br. J. Cancer 89 (9), 1633-1637. https://doi.org/10.1038/sj.
bjc.6601344. PMID: 14583761; PMCID: PMC2394419.

Laplace, N., Kepenekian, V., Friggeri, A., Vassal, O., Ranchon, F., Rioufol, C.,

Gertych, W., Villeneuve, L., Glehen, O., Bakrin, N., 2020. Sodium thiosulfate protects
from renal impairement following hyperthermic intraperitoneal chemotherapy
(HIPEC) with Cisplatin. Int. J. Hyperthermia 37 (1), 897-902. https://doi.org/
10.1080/02656736.2020.1795277. PMID: 32689832.

markman, M., et al., 1986. Hypomagnesemia following high-dose intracavitary cisplatin
with systemically administered sodium thiosulfate. Am J Clin Oncol. 5, 440-443.

Markman, M., Cleary, S., Pfeifle, C.E., Howell, S.B., 1985. High-dose intracavitary
cisplatin with intravenous thiosulfate. Low incidence of serious neurotoxicity.
Cancer 56 (10), 2364-2368. https://doi.org/10.1002/1097-0142(19851115)56:
10<2364::aid-cner2820561003>3.0.co;2-4. PMID: 2994877.

Nagai, N., Hotta, K., Yamamura, H., Ogata, H., 1995. Effects of sodium thiosulfate on the
pharmacokinetics of unchanged cisplatin and on the distribution of platinum species
in rat kidney: protective mechanism against cisplatin nephrotoxicity. Cancer
Chemother. Pharmacol. 36 (5), 404-410. https://doi.org/10.1007/BF00686189.
PMID: 7634382.


https://doi.org/10.1016/j.gore.2021.100796
https://doi.org/10.1016/j.gore.2021.100796
https://doi.org/10.1016/j.ejso.2015.12.016
https://doi.org/10.1016/j.ejso.2015.12.016
http://refhub.elsevier.com/S2352-5789(21)00100-4/optA3YtN450VZ
http://refhub.elsevier.com/S2352-5789(21)00100-4/optA3YtN450VZ
https://doi.org/10.1016/j.jviscsurg.2014.07.005
http://refhub.elsevier.com/S2352-5789(21)00100-4/optVlvugmuMa1
http://refhub.elsevier.com/S2352-5789(21)00100-4/optVlvugmuMa1
http://refhub.elsevier.com/S2352-5789(21)00100-4/optVlvugmuMa1
https://doi.org/10.7326/0003-4819-95-5-628
https://doi.org/10.7326/0003-4819-95-5-628
https://doi.org/10.1016/j.ejogrb.2014.05.018
https://doi.org/10.1016/j.ejogrb.2014.05.018
https://doi.org/10.1245/s10434-009-0878-6
https://doi.org/10.1016/j.ejso.2015.08.174
https://doi.org/10.1016/j.ejso.2015.08.174
http://refhub.elsevier.com/S2352-5789(21)00100-4/optgPkrCURdxh
http://refhub.elsevier.com/S2352-5789(21)00100-4/optgPkrCURdxh
http://refhub.elsevier.com/S2352-5789(21)00100-4/optgPkrCURdxh
http://refhub.elsevier.com/S2352-5789(21)00100-4/optgPkrCURdxh
https://doi.org/10.3802/jgo.2015.26.1.54
https://doi.org/10.3802/jgo.2015.26.1.54
https://doi.org/10.1038/nrneph.2009.153
http://refhub.elsevier.com/S2352-5789(21)00100-4/h0045
http://refhub.elsevier.com/S2352-5789(21)00100-4/h0045
http://refhub.elsevier.com/S2352-5789(21)00100-4/h0045
https://doi.org/10.1002/cncr.33167
https://doi.org/10.1002/cncr.33167
https://doi.org/10.1016/j.ejso.2013.06.022
https://doi.org/10.1016/j.ejso.2013.06.022
https://doi.org/10.1111/j.1525-1438.2005.15209.x
https://doi.org/10.1016/j.ygyno.2016.05.032
https://doi.org/10.1016/j.ygyno.2016.05.032
https://doi.org/10.1002/14651858.CD005340.pub2
https://doi.org/10.1080/02656730500515270
https://doi.org/10.1186/cc11454
https://doi.org/10.1136/ijgc-2020-001231
https://doi.org/10.1038/sj.bjc.6601344
https://doi.org/10.1038/sj.bjc.6601344
https://doi.org/10.1080/02656736.2020.1795277
https://doi.org/10.1080/02656736.2020.1795277
http://refhub.elsevier.com/S2352-5789(21)00100-4/optwSTWVz0Vgr
http://refhub.elsevier.com/S2352-5789(21)00100-4/optwSTWVz0Vgr
https://doi.org/10.1002/1097-0142(19851115)56:10<2364::aid-cncr2820561003>3.0.co;2-4
https://doi.org/10.1002/1097-0142(19851115)56:10<2364::aid-cncr2820561003>3.0.co;2-4
https://doi.org/10.1007/BF00686189

K. Glennon et al.

Owusu-Agyemang, P., Arunkumar, R., Green, H., et al., 2012. Anesthetic management
and renal function in pediatric patients undergoing cytoreductive surgery with
continuous hyperthermic intraperitoneal chemotherapy (HIPEC) with cisplatin. Ann
Surg Oncol 19 (8), 2652-2656.

Perazella, M.A., 2012. Onco-nephrology: renal toxicities of chemotherapeutic agents.
Clin. J. Am. Soc. Nephrol. 7 (10), 1713-1721. https://doi.org/10.2215/
CJN.02780312. Epub 2012 Aug 9 PMID: 22879440.

Roviello, F., Marrelli, D., Neri, A., Cerretani, D., de Manzoni, G., Pedrazzani, C.,
Cioppa, T., Nastri, G., Giorgi, G., Pinto, E., 2006. Treatment of peritoneal
carcinomatosis by cytoreductive surgery and intraperitoneal hyperthermic
chemoperfusion (IHCP): postoperative outcome and risk factors for morbidity. World
J. Surg. 30 (11), 2033-2040. https://doi.org/10.1007/500268-006-0038-

0 discussion 2041-2. PMID: 17006608.

Shime, M., Lee, M., Hatanaka, T., et al., 1994. Cardiovascular changes during continuous
hyperthermic peritoneal perfusion. Anesth Analg 78 (5), 938-942.

Shiralkar, S.P., Kerr, P., Scott, J., et al., 2017. Anaesthetic management of patients
undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy
for pseudomyxoma peritonei: a retrospective audit. Anaesth Intensive Care. 45 (4),
490-498.

Sin, E.L, Chia, C.S., Tan, G.H.C., Soo, K.C., Teo, M.C., 2017. Acute kidney injury in
ovarian cancer patients undergoing cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy. Int. J. Hyperthermia 33 (6), 690-695. https://doi.org/
10.1080/02656736.2017.1293304. Epub 2017 Mar 5 PMID: 28540777.

Sugarbaker, P.H., Chang, D., et al., 1999. Results of treatment of 385 patients with
peritoneal surface spread of appendiceal malignancy. Ann. Surg. Oncol. 727-731.

Sun, J.H., Ji, Z.H., Yu, Y., Wy, H.T., Huang, C.Q., Zhang, Q., Yang, X.J., Yonemura, Y.,
Li, Y., 2016. Cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy
to treat advanced/recurrent epithelial ovarian cancer: results from a retrospective
study on prospectively established database. Transl. Oncol. 9 (29), 130-138. https://
doi.org/10.1016/j.tranon.2016.02.002. PMID: 27084429; PMCID: PMC4833965.

Tan, G., Chia, C., Kumar, M., Choo, S.P., Chia, J., Tham, C.K., Chua, C., Soo, K.C.,
Teo, M., 2017. 201 consecutive cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) procedures in a single Asian tertiary centre.
Int. J. Hyperthermia 33 (3), 288-294. https://doi.org/10.1080/
02656736.2016.1262064. Epub 2016 Dec 14 PMID: 27855557.

Teo, M.C.C., Chia, C.S., Lim, C., Tan, G.H.C., Chia, W.K., Soo, K.C., 2017. Cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy in recurrent ovarian cancer
with peritoneal metastasis: a prospective registry study on 41 patients. Pleura
Peritoneum. 2 (4), 171-179. https://doi.org/10.1515/pp-2017-0021. PMID:
30911648; PMCID: PMC6405024.

Teo, M.C., Tan, G.H., Tham, C.K., Lim, C., Soo, K.C., 2013. Cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy in Asian patients: 100 consecutive

Gynecologic Oncology Reports 37 (2021) 100796

patients in a single institution. Ann. Surg. Oncol. 20 (9), 2968-2974. https://doi.
org/10.1245/510434-013-2947-0. Epub 2013 Mar 17 PMID: 23504144.

Tewari, D., Java, J.J., Salani, R., Armstrong, D.K., Markman, M., Herzog, T., Monk, B.J.,
Chan, J.K., 2015. Long-term survival advantage and prognostic factors associated
with intraperitoneal chemotherapy treatment in advanced ovarian cancer: a
gynecologic oncology group study. J. Clin. Oncol. 33 (13), 1460-1466. https://doi.
0rg/10.1200/JC0.2014.55.9898. Epub 2015 Mar 23. Erratum in: J Clin Oncol. 2015
Nov 1;33(31):3678. PMID: 25800756; PMCID: PMC4404424.

Vaira, M., Robella, M., Mellano, A., Sottile, A., De Simone, M., 2014. Iterative procedures
combining cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
for isolated peritoneal recurrence. Int. J. Hyperthermia 30 (8), 565-569. https://doi.
0rg/10.3109/02656736.2014.974693. PMID: 25430988.

van Driel, W.J., Koole, S.N., Sonke, G.S., 2018. Hyperthermic intraperitoneal
chemotherapy in ovarian cancer. N. Engl. J. Med. 378 (14), 1363-1364. https://doi.
org/10.1056/NEJMc1802033. PMID: 29617590.

Vergote, L., Harter, P., Chiva, L., 2019. Hyperthermic intraperitoneal chemotherapy does
not improve survival in advanced ovarian cancer. Cancer 15 (125 Suppl 24),
4594-4597. https://doi.org/10.1002/cncr.32496. PMID: 31967685.

Walker, J.L., Brady, M.F., Wenzel, L., Fleming, G.F., Huang, H.Q., DiSilvestro, P.A.,
Fujiwara, K., Alberts, D.S., Zheng, W., Tewari, K.S., Cohn, D.E., Powell, M.A., Van
Le, L., Davidson, S.A., Gray, H.J., Rose, P.G., Aghajanian, C., Myers, T., Alvarez
Secord, A., Rubin, S.C., Mannel, R.S., 2019. Randomized trial of intravenous versus
intraperitoneal chemotherapy plus bevacizumab in advanced ovarian carcinoma: An
NRG oncology/gynecologic oncology group study. J. Clin. Oncol. 37 (16),
1380-1390. https://doi.org/10.1200/JC0.18.01568. Epub 2019 Apr 19. Erratum in:
J Clin Oncol. 2019 Sep 1;37(25):2299. PMID: 31002578; PMCID: PMC6544459.

Zanon, C., Clara, R., Chiappino, L., Bortolini, M., Cornaglia, S., Simone, P., Bruno, F., De
Riu, L., Airoldi, M., Pedani, F., 2004. Cytoreductive surgery and intraperitoneal
chemohyperthermia for recurrent peritoneal carcinomatosis from ovarian cancer.
World J. Surg. 28 (10), 1040-1045. https://doi.org/10.1007/500268-004-7461-x.
Epub 2004 Sep 29 PMID: 15573262.

Zivanovic, O., Abramian, A., Kullmann, M., Fuhrmann, C., Coch, C., Hoeller, T.,
Ruehs, H., Keyver-Paik, M.D., Rudlowski, C., Weber, S., Kiefer, N., Poelcher, M.L.,
Thiesler, T., Rostamzadeh, B., Mallmann, M., Schaefer, N., Permantier, M., Latten, S.,
Kalff, J., Thomale, J., Jaehde, U., Kuhn, W.C., 2015. HIPEC ROC I: a phase I study of
cisplatin administered as hyperthermic intraoperative intraperitoneal
chemoperfusion followed by postoperative intravenous platinum-based
chemotherapy in patients with platinum-sensitive recurrent epithelial ovarian
cancer. Int. J. Cancer 136 (3), 699-708. https://doi.org/10.1002/ijc.29011. Epub
2014 Jun 17 PMID: 24895230.


http://refhub.elsevier.com/S2352-5789(21)00100-4/optUwopDu7Cvm
http://refhub.elsevier.com/S2352-5789(21)00100-4/optUwopDu7Cvm
http://refhub.elsevier.com/S2352-5789(21)00100-4/optUwopDu7Cvm
http://refhub.elsevier.com/S2352-5789(21)00100-4/optUwopDu7Cvm
https://doi.org/10.2215/CJN.02780312
https://doi.org/10.2215/CJN.02780312
https://doi.org/10.1007/s00268-006-0038-0
https://doi.org/10.1007/s00268-006-0038-0
http://refhub.elsevier.com/S2352-5789(21)00100-4/optvIeB1JPvrW
http://refhub.elsevier.com/S2352-5789(21)00100-4/optvIeB1JPvrW
http://refhub.elsevier.com/S2352-5789(21)00100-4/optX0lNzHjqOD
http://refhub.elsevier.com/S2352-5789(21)00100-4/optX0lNzHjqOD
http://refhub.elsevier.com/S2352-5789(21)00100-4/optX0lNzHjqOD
http://refhub.elsevier.com/S2352-5789(21)00100-4/optX0lNzHjqOD
https://doi.org/10.1080/02656736.2017.1293304
https://doi.org/10.1080/02656736.2017.1293304
http://refhub.elsevier.com/S2352-5789(21)00100-4/optCDMtj2MyKl
http://refhub.elsevier.com/S2352-5789(21)00100-4/optCDMtj2MyKl
https://doi.org/10.1016/j.tranon.2016.02.002
https://doi.org/10.1016/j.tranon.2016.02.002
https://doi.org/10.1080/02656736.2016.1262064
https://doi.org/10.1080/02656736.2016.1262064
https://doi.org/10.1515/pp-2017-0021
https://doi.org/10.1245/s10434-013-2947-0
https://doi.org/10.1245/s10434-013-2947-0
https://doi.org/10.1200/JCO.2014.55.9898
https://doi.org/10.1200/JCO.2014.55.9898
https://doi.org/10.3109/02656736.2014.974693
https://doi.org/10.3109/02656736.2014.974693
https://doi.org/10.1056/NEJMc1802033
https://doi.org/10.1056/NEJMc1802033
https://doi.org/10.1002/cncr.32496
https://doi.org/10.1200/JCO.18.01568
https://doi.org/10.1007/s00268-004-7461-x
https://doi.org/10.1002/ijc.29011

	The addition of sodium thiosulphate to hyperthermic intraperitoneal chemotherapy with cisplatin in ovarian cancer
	1 Introduction
	2 Methods
	2.1 Intra-operative fluid management
	2.2 Sodium thiosulphate protocol
	2.3 Data collection and statistical analysis
	2.4 Classification of renal disease

	3 Results
	3.1 Acute renal failure
	3.2 Delta creatinine
	3.3 MAKE 30 (Major adverse kidney event at 30 ​days)
	3.4 Chronic renal impairment

	4 Discussion
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


