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Simple Summary: The mainstay of therapy for primary advanced ovarian, fallopian tube, and
primary peritoneal carcinoma is cytoreductive surgery (CRS) and platinum-containing chemotherapy.
Since the primary and recurrent disease is mainly confined to the peritoneal cavity, intraperitoneal
chemotherapy with or without hyperthermia has been evolved in order to improve survival. However,
the studies to date are mainly retrospective, nonrandomized, and heterogeneous in terms of patient
selection. There are currently only a limited number of reliable data on the role of hyperthermic
intraperitoneal chemotherapy (HIPEC), its ideal timing of application, and duration. The aim of this
study was to report our single-center experience with CRS + HIPEC involving patients with primary
FIGO stage > III B epithelial carcinoma. Hereby, multimodal therapy was feasible with acceptable
morbidity and mortality, with no difference in overall survival between interval and upfront surgery.
However, prolongation of HIPEC was shown to provide survival benefits regardless of previous
administration of chemotherapy.

Abstract: Background: The usage of cytoreductive surgery combined with hyperthermic intraperi-
toneal chemotherapy (HIPEC) for advanced gynecological cancers is increasing. Methods: Prospec-
tively collected data of 85 advanced primary ovarian/fallopian tube cancer and peritoneal carcinoma
patients of a single center were investigated. Results: A total 48, 37, 62, and 25 patients were enrolled
into the HIPEC with/without neoadjuvant chemotherapy (upfront vs. interval) and into the 60 min
and 90 min long HIPEC groups, respectively. Better overall survival (OS) was observed in the
90 min HIPEC group (p = 0.0330), compared to the 60 min HIPEC group. Neither OS (p = 0. 2410),
disease-specific (p = 0. 3670), nor recurrence-free survival (p = 0.8240) differed between upfront and
interval HIPEC. Higher peritoneal carcinomatosis index (PCI) values were associated with worse
disease-specific survival (p = 0.0724). Age (p = 0.0416), body mass index (p = 0.0044), PCI (p < 0.0001),
the type (p = 0.0016) and duration (p = 0.0012) of HIPEC, and increased perioperative morbidity
(p < 0.0041) had the greatest impact on OS. Conclusions: Increasing data support the value of HIPEC
in the treatment of advanced ovarian cancer. Ongoing prospective studies will definitively clarify the
role and timing of this additional therapeutic approach.
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1. Introduction

Ovarian cancer has the highest mortality rate of all gynecologic cancers and has
an incidence rate of 295,000 and lethality rate of 185,000 annually worldwide [1]. Most
patients (75%) are diagnosed at Fédération Internationale de Gynécologie et d’Obstétrique
(FIGO) advanced stages IIl and IV, where the disease has spread throughout the peritoneal
cavity with or without the involvement of lymph nodes or spread to distant sites [2].
The mainstay of the therapy for epithelial ovarian cancer (EOC) is primary cytoreductive
surgery (CRS) followed by intravenous chemotherapy with carboplatin and paclitaxel [3].
For further prolongation of survival, CRS supplemented by hyperthermic intraperitoneal
chemotherapy (HIPEC) has been introduced with increasing interest worldwide in ovarian
cancer patients [4].

Since the peritoneum is the primary route of spread of EOC [5], HIPEC is supposed to
provide an adjunctive approach after complete or nearly complete cytoreduction targeting
remaining microscopic residual tumor intraperitoneally with increased concentration in
the peritoneal cavity, thus contributing to subsequent recurrence and, consequently, to
prolonged survival [6]. Despite the positive results of the first prospective randomized clin-
ical trial (OVHIPEC 1) and numerous retrospective studies showing better outcomes with
addition of HIPEC in the context of multimodal therapy [7-9], skepticism and disagreement
are widespread worldwide as to whether CRS + HIPEC does provide additional benefit
compared with CRS alone. The additional use of HIPEC found its way into national guide-
lines in a different manner. This procedure was included in the National Comprehensive
Cancer Network (NCCN) 2019 guidelines as an optional treatment for interval-debulking
surgery [10]. Furthermore, the French clinical practice guideline recommends the use of
HIPEC in the case of initially nonresectable FIGO stage III ovarian, tubal, and primary
peritoneal carcinoma after a complete or optimal interval surgery, which is performed after
three cycles of intravenous chemotherapy [11]. While other national guidelines do not
even consider this therapeutic option [12,13], some, such as in Germany, recommend the
application of HIPEC only in the context of prospective randomized studies [14]. Similarly,
the recently published recommendation of European Society for Medical Oncology (ESMO)
and European Society of Gynecological Oncology (ESGO) consensus on ovarian cancer
failed to recommend HIPEC as a standard of care for the first-line management of patients
with advanced-stage epithelial ovarian cancer [3].

Despite the fact that many studies have shown prolonged survival with HIPEC
therapy [4,15,16], there is also a negative, preliminary, smaller Korean prospective
randomized study, which gave no benefit in terms of survival of this additional ap-
proach [17]. Thus, currently limited evidence is available from clinical studies to defi-
nitely predict the impact of HIPEC on survival in ovarian cancer patients. This is due to
the fact that most studies are retrospective, nonrandomized, include both primary and
recurrent cases, and also include a heterogeneous group of patients at FIGO stage. While
numerous randomized prospective clinical studies are ongoing and eagerly awaited, our
goal with this study is to contribute to the definitive answer to this set of questions by
reporting on our 10 years of experience with CRS and HIPEC in FIGO > IIIB primary
epithelial ovarian, tubal, and peritoneal carcinoma. For this purpose, a clearly defined
and described homogeneous collective of patients was evaluated.

The primary end point was to investigate whether the outcome is better with upfront
or interval HIPEC. The secondary end point was the determination of the impact of HIPEC
duration (60 vs. 90 min) on survival in a homogeneous cohort of patients.

2. Materials and Methods
2.1. Patients and Study Design

This study was performed according to STROBE requirements. From January 2011 to
January 2021, a total of 85 consecutive treated patients with the histopathological diagnosis
of primary epithelial ovarian, tubal and peritoneal carcinoma with FIGO stage > I1IB (IIIB,
IIC and IV A and B) who received CRS and double-compound HIPEC with cisplatin
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and doxorubicin were reviewed and included. All patients who had previous surgery
due to peritoneal metastases, recurrence, borderline tumor or other histological subtypes
were excluded.

The clinicopathological data had been prospectively entered in the national HIPEC
registry administered by the German Society for General and Visceral Surgery (DGAV)
and was retrospectively analyzed for this study. All the patients had agreed to data
recording in the registry and simultaneously to use their anonymized data for qual-
ity assurance and research purposes by written and verbal informed consent prior to
surgery. Therefore, and due to the retrospective nature of this study, no institutional or
further review board approval was necessary. All patients were treated according to
multidisciplinary recommendations.

2.2. Details of CRS + HIPEC

A closed HIPEC with a goal temperature of 42 °C with intraperitoneal chemotherapy
with cisplatin 75 mg/m? of body surface area and doxorubicin 15 mg/m? of body surface
area was administered immediately after cytoreductive surgery for 60 or 90 min. The
HIPEC treatment duration increased from 60 min to 90 min in 2018 due to an institutional
protocol change in accordance with van Driel’s study [9]. Cisplatin and doxorubicin were
added to a 3000 to 4000 mL isotonic saline solution in accordance with the body surface
area of the patients. The mean flow rate was 1400-1800 mL/minute. The global amount of
perfusion with the cytotoxic agents was 4000 mL. During HIPEC treatments, temperatures
were monitored in the right subphrenic and pelvic area.

The surgeries were performed by the same surgical team extended by a gynecological
oncologist (ovarian team). The same members of the ovarian team were involved in the
multidisciplinary patient selection. The extent of peritoneal dissemination was assessed
preoperatively using abdominal and chest CT scan. Clinicopathological data were obtained
from prospectively collected database and electronic medical reports. All the patients were
staged based on the 2014 International FIGO staging system [18]. Neoadjuvant chemotherapy
(NACT) prior interval CRS was considered for patients who were not good candidates for
primary CRS due to frailty, poor performance status, comorbidities, or who had disease
unlikely to become completely cytoreduced or to become a minimally residual disease at the
time of presentation, as has been suggested by the Society of Gynecologic Oncology (SGO)
and American Society of Clinical Oncology (ASCO) [19]. In patients in whom the possibility
of complete cytoreduction was not clear, we obtained diagnostic laparoscopy to determine
resectability. The laparoscopy was repeated with still unclear findings at the re-staging
after NACT. Patients who received neoadjuvant chemotherapy, 3-7 cycles of carboplatin
(area under the curve of 5 mg per milliliter per minute, AUC 5) and 175 mg/m? paclitaxel
were administered intravenously. CRS + HIPEC was categorized as upfront or interval if
performed as the first surgical treatment or after neoadjuvant chemotherapy, respectively.
The completeness of cytoreduction (CC) was scored as proposed by Sugarbaker: CC-0: no
residual disease; CC-1: residual nodules measuring less than 2.5 mm; CC-2: residual nodules
measuring between 2.5 mm and 2.5 cm; and CC-3: residual nodules greater than 2.5 cm [20].
The extent of peritoneal disease was assessed by using the peritoneal carcinomatosis index
(PCI), which ranges from 1 to 39 [20].

2.3. Clinical Characteristics

Several variables (pre-surgical, surgical and postoperative features) were analyzed.
Postoperative adverse events were categorized according to the Clavien-Dindo Classifi-
cation, and major complication was defined as Grade > III [21]. Recurrence-free (RFES),
disease-specific (DSS) and overall survival (OS) were calculated from the date of surgery
(CRS + HIPEC) to the date of recurrence/progression, cancer-related death and death from
any cause, respectively. For non-deceased, non-relapsed patients, the time interval between
surgery and last follow-up date was chosen. Follow-up of patients was terminated at
31-DEC-2021.
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2.4. Statistical Analysis

Statistical analysis was performed with R version 4.2.0 (R Core Team, 2022, Vienna,
Austria). Welch’s t-test, Wilcoxon rank sum test and Fisher’s exact test were used for group
comparisons between cohorts. Patient survival was evaluated using competing risk Cox
regression models (R package “survival”, Therneau and Grambsch, version 3.3-1). The R
package “car” (Fox and Weisberg, version 3.0-13) was used to calculate partial likelihood ratio
or Wald tests for the Type II analysis of deviance tables. p < 0.05 was considered statistically
significant and p-values were corrected with the Holm method [22] for multiple-comparisons
problem. Continuous, count, and survival data were expressed as mean =+ standard deviation,
the number of observations (percentage), and as hazard ratio (HR) with 95% confidence
interval (95% CI), respectively. Survival curves were drawn with the R-package “survminer”
(Kassambara, Kosinski and Biecek, version 0.4.9).

3. Results

A total of 85 primary ovarian cancer patients, who underwent CRS + HIPEC, were
included in the study. The study subjects were divided into the following groups based
on two different factors. First, 37 and 48 patients were enrolled into the ‘patients not re-
ceiving cisplatin/paclitaxel NACT group’ (upfront HIPEC) and into the ‘patients receiving
cisplatin/paclitaxel NACT group’ (interval HIPEC), respectively. Second, patients were
grouped based on the duration of HIPEC: 60 patients were enrolled into the ‘60 min HIPEC’
group and 25 into the ‘90 min HIPEC” group. Pre-, peri- and postoperative features of
patients are summarized in Table 1. The comparisons between upfront and interval HIPEC
and between 60 and 90 min HIPEC were carried out separately, and no further subgroup
analyses were performed.

Relapse/progression occurred in 23 cases, and three separate endpoint events were
defined for DSS survival analyses: death related to cancer and to postoperative complica-
tions (PC) and lost-to-follow-up (LFU). A total of 43 and 2 cancer and PC-related deaths
were observed, and 3 and 37 patients were LFU and alive at the end of our observation.
The two PC-related deaths occurred due to the following. One patient died on the 12th
postoperative day due to renal insufficiency and bilateral pneumonia with consecutive
septic—toxic multiorgan failure. The second patient died on the 10th postoperative day. She
required reoperation due to duodenal ulcer perforation with 4-quadrant peritonitis on the
4th postoperative day. After the reoperation, the patient aspirated, and circulatory arrest
occurred leading to hypoxic brain damage. The median follow up was 42.6 months. The
Kaplan-Meier 3-year overall survival (OS) rate was 53.7% for the whole cohort, 46.7% for
60 min and 77.5% for 90 min HIPEC, respectively.

3.1. Interval vs. Upfront HIPEC

Forty-eight and thirty-seven patients underwent interval and upfront HIPEC, respec-
tively. PCI was significantly lower in the interval HIPEC group (p < 0.0001, Table 1). FIGO
stage IV (crude p = 0.0025) and the presence of hepatic and/or splenic parenchymal metas-
tasis (crude p = 0.0053) was more common in the upfront HIPEC group. Six of nineteen
(31.6%) FIGO IV patients received NACT. In those patients in whom complete cytoreduction
appeared feasible during preoperative diagnostics and intraoperative assessment, NACT
was omitted and primary resection was preferred. Marginally shorter operation time (excl.
HIPEC) was required (p = 0.0892; crude p = 0.0015), and the following procedures were less
characteristic for the interval HIPEC group: colon (p = 0.0055) and rectosigmoid resection
(p = 0.0260), protective and /or long-term ileostomy (crude p = 0.0159) right upper-quadrant
peritonectomy (crude p = 0.0345) and stripping of the omental bursa (crude p = 0.0317). No
differences in the other pre-, peri- and postoperative features were found (Table 1). Neither
DSS (p = 0.3670), OS (p = 0.2410), nor RFS (p = 0.8240) was affected by the type of HIPEC. It
must be highlighted, however, that patients of the interval HIPEC groups seemed to have
worse survival, instead within the middle of the survival curves (Figure 1).



Cancers 2022, 14, 3301

50f18

Table 1. Pre-, peri- and postoperative demographic and clinical characteristics of study participants. Unit of frequency data is the number of observations (percentage).

Clinical Characteristics Total (n = 85) UpfiZn: ;I)PEC Inte:‘;1a=l EI)PEC p?\r;ﬁfe p-Value 60 T;;I;Ié}’EC %0 IE:II:I;;)EC p-Value
Age (year) 62.16 + 10.29 61.98 +12.33 62.52 + 8.57 1.0000 62.50 + 10.87 61.77 £9.01 1.0000
Body mass index (kg/m?) 26.28 £5.39 26.74 + 5.51 2591 +5.29 1.0000 26.12 £ 5.00 26.62 + 6.28 1.0000
ASA score
LI 20 (23.53%) 9 (24.32%) 11 (22.92%) 1.0000 13 (21.67%) 7 (28%) 1.0000
- LIV 65 (76.47%) 28 (75.68%) 37 (77.08%) 47 (78.33%) 18 (72%)
Histology
- HGS ovarian, fallopian tube 61 (71.76%) 27 (72.97%) 34 (70.83%) 42 (70.00%) 19 (76%)
- HGS primary peritoneal 21 (24.71%) 9 (24.32%) 12 (25%) 1.0000 15 (25.00%) 6 (24%) 1.0000
- Endometrioid 1 (1.18%) 0 (0%) 1 (2.08%) 1 (1.67%) 0 (0%)
- Mucinous 1(1.18%) 1(2.7%) 0 (0%) 1(1.67%) 0 (0%)
- Malignant Brenner tumor 1(1.18%) 0(0%) 1(2.08%) 1(1.67%) 0(0%)
FIGO Stage
. B 11 (12.94%) 5 (13.51%) 6 (12.5%) 0.0005 01496 9 (15.00%) 2 (8%) 10000
- IIC 55 (64.71%) 19 (51.35%) 36 (75%) 36 (60.00%) 19 (76%)
- IVA 3 (3.53%) 0 (0%) 3 (6.25%) 3 (5.00%) 0 (0%)
- IVB 16 (18.82%) 13 (35.14%) 3 (6.25%) 12 (20.00%) 4 (16%)
Cause of FIGO IV
- Abdominal wall met. 7 (8.24%) 5 (13.51%) 2 (4.17%) 1.0000 4 (6.67%) 3 (12%) 1.0000
- Cardiophrenic lymph node met. 2 (2.35%) 1(2.7%) 1 (2.08%) 1.0000 2 (3.33%) 0 (0%) 1.0000
- Hepatic and/or splenic parenchymal met. 6 (7.06%) 6 (16.22%) 0 (0%) 0.0053 0.3136 6 (10.00%) 0 (0%) 1.0000
- Inguinal lymph node met. 1(1.18%) 1(2.7%) 0 (0%) 1.0000 1(1.67%) 0 (0%) 1.0000
- Malignant pleural effusion 3 (3.53%) 1(2.7%) 2 (4.17%) 1.0000 3 (5.00%) 0 (0%) 1.0000
- Met. of the intestinal mucosa 1(1.18%) 1(2.7%) 0 (0%) 1.0000 0 (0%) 1 (4%) 1.0000
- Pleural carcinosis 1(1.18%) 0 (0%) 1 (2.08%) 1.0000 1(1.67%) 0 (0%) 1.0000
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Table 1. Cont.

Clinical Characteristics Total (1 = 85) Upfi;)ln: ?I;;I)PEC Inte:‘;za=l EI)PEC p(_?\r/l;iiuee p-Value 60 T;;Igg)]ac %0 IE;ILI;I;)EC p?észe p-Value
Cause of FIGO IV
Cycles of carboplatin/ TAX NACT
- 23 17 (20%) 0 (0%) 17 (35.42%) - 9 (15.00%) 8 (32%) 0.1273 1.0000
- 45 9 (10.59%) 0 (0%) 9 (18.75%) 7 (11.67%) 2 (8%)
- 67 22 (25.88%) 0 (0%) 22 (45.83%) 13 (21.67%) 9 (36%)
Peritoneal carcinomatosis index 1141 + 6.45 15.00 £ 4.96 8.60 £ 5.79 <0.0001 12.92 + 5.65 772 £6.29 0.0009 0.0593
CC score
. CC0 67 (78.82%) 30 (81.08%) 37 (77.08%) 1.0000 44 (73.33%) 23 (92%) 1.0000
. cCo 16 (18.82%) 6 (16.22%) 10 (20.83%) 14 (23.33%) 2 (8%)
- CcCc2 2 (2.35%) 1(2.7%) 1 (2.08%) 2 (3.33%) 0 (0%)
Cisplatin (mg) 132 + 16.46 134.34 £17.37 130.20 £ 15.67 1.0000 130.69 £ 14.75 135.16 £ 19.97 1.0000
Doxorubicin (mg) 26.58 + 3.10 27.01 +3.17 26.11 £291 1.0000 26.28 +2.54 27.04 +4.00 1.0000
Duration of HIPEC (min)
_— 60 (70.59%) 31 (83.78%) 29 (60.42%) 0.0298 1.0000 - - -
- 90 25 (29.41%) 6 (16.22%) 19 (39.58%) - -
Type of HIPEC
- Upfront 37 (43.53%) - - B 31 (51.67%) 6 (24%) 0.0298 1.0000
- Interval 48 (56.47%) - - 29 (48.33%) 19 (76%)
Length of surgery excl. HIPEC (min) 317 £ 94 353 £ 77 290.38 + 97.59 0.0015 0.0892 336.87 £ 74.26 270.80 + 118.43 0.0145 0.8676
Surgical procedures
- Perit.: parietal 74 (87.06%) 34 (91.89%) 40 (83.33%) 1.0000 52 (86.67%) 22 (88%) 1.0000
- Perit.: pelvis 74 (87.06%) 31 (83.78%) 43 (89.58%) 1.0000 54 (90.00%) 20 (80%) 1.0000
- Perit.: omental bursa 24 (28.24%) 15 (40.54%) 9 (18.75%) 0.0317 1.0000 15 (25.00%) 9 (36%) 1.0000
- Perit.: right upper quadrant 58 (68.24%) 30 (81.08%) 28 (58.33%) 0.0345 1.0000 41 (68.33%) 17 (68%) 1.0000
- Perit. left upper quadrant 35 (41.18%) 19 (51.35%) 16 (33.33%) 1.0000 30 (50%) 5 (20%) 0.0149 0.8814
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Table 1. Cont.

Clinical Characteristics Total (n = 85) Upfi;)ln: ?I;;I)PEC Inte:‘;za=l gI)PEC p(-f‘r;;iiuee p-Value 60 T;;Igg)]ac % IE;ILI;;)EC p(_j‘lz ﬁfe p-Value
Full-thickness resection 12 (14.12%) 4 (10.81%) 8 (16.67%) 1.0000 9 (15.00%) 3 (12%) 1.0000
Ana.: small bowel-small bowel 7 (8.24%) 3(8.11%) 4 (8.33%) 1.0000 5 (8.33%) 2 (8%) 1.0000
Ana.: stomach-small bowel 2 (2.35%) 0 (0%) 2 (4.17%) 1.0000 2(3.33%) 0 (0%) 1.0000
Ana.: small bowel—colon 25 (29.41%) 14 (37.84%) 11 (22.92%) 1.0000 19 (31.67%) 6 (24%) 1.0000
Ana.: colon—colon 3 (3.53%) 3 (8.11%) 0 (0%) 1.0000 3 (5.00%) 0 (0%) 1.0000
Ana.: colon—-rectum 39 (45.88%) 21 (56.76%) 18 (37.50%) 1.0000 29 (48.33%) 10 (40%) 1.0000
Ana.: small bowel-rectum 7 (8.24%) 4 (10.81%) 3 (6.25%) 1.0000 5 (8.33%) 2 (8%) 1.0000
Colostomy 3 (3.53%) 3 (8.11%) 0 (0%) 1.0000 3 (5.00%) 0 (0%) 1.0000
Tleostomy 25 (29.41%) 16 (43.24%) 9 (18.75%) 0.0159 0.9220 23 (38.33%) 2 (8%) 0.0080 0.5015
Colon resection 46 (54.12%) 29 (78.38%) 17 (35.42%) 0.0055 38 (63.33%) 8 (32%) 0.0097 0.5947
Small bowel resection 15 (17.65%) 7 (18.92%) 8 (16.67%) 1.0000 11 (18.33%) 4 (16%) 1.0000
Rectosigmoid resection 43 (50.59%) 27 (72.97%) 16 (33.33%) 0.0260 36 (60.00%) 7 (28%) 0.0091 0.5635
Splenectomy 13 (15.29%) 7 (18.92%) 6 (12.50%) 1.0000 11 (18.33%) 2 (8%) 1.0000
Pancreatectomy 1(1.18%) 0 (0%) 1(2.08%) 1.0000 1(1.67%) 0 (0%) 1.0000
Cholecystectomy 48 (56.47%) 21 (56.76%) 27 (56.25%) 1.0000 37 (61.67%) 11 (44%) 1.0000
Appendectomy 13 (15.29%) 8 (21.62%) 5 (10.42%) 1.0000 9 (15.00%) 4 (16%) 1.0000
Bladder resection 1(1.18%) 1(2.70%) 0 (0%) 1.0000 1(1.67%) 0 (0%) 1.0000
Greater omentectomy 76 (89.41%) 34 (91.89%) 42 (87.50%) 1.0000 53 (88.33%) 23 (92%) 1.0000
Lesser omentectomy 34 (40%) 19 (51.35%) 15 (31.25%) 1.0000 25 (41.67%) 9 (36%) 1.0000
Liver resection 9 (10.59%) 6 (16.22%) 3 (6.25%) 1.0000 7 (11.67%) 2 (8%) 1.0000
Stomach resection 6 (7.06%) 3(8.11%) 3 (6.25%) 1.0000 5 (8.33%) 1 (4%) 1.0000
Hysterectomy 60 (70.59%) 25 (67.57%) 35 (72.92%) 1.0000 45 (75.00%) 15 (60%) 1.0000
Adnexectomy 65 (76.47%) 28 (75.68%) 37 (77.08%) 1.0000 43 (71.67%) 22 (88%) 1.0000
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Table 1. Cont.

Clinical Characteristics Total (1 = 85) Upfi;)ln: ?I;;I)PEC Inte:‘;za=l EI)PEC p(_?\r/l;iiuee p-Value 60 T;;Igg)]ac %0 IE;ILI;I;)EC p?észe p-Value

Length of hospital stay (day) 22.76 £12.29 2416 £9.33 21.79 £14.37 1.0000 24.38 £ 13.39 19.08 + 8.89 1.0000
Length of ICU stay (day) 523 +£5.25 5.46 +5.28 5.06 + 5.37 1.0000 5.72+5.72 4.08 +3.99 0.0361 1.0000
Blood transfusion

- Erythrocyte concentrates (unit) 1.46 £2.20 1.30 £2.26 1.46 + 2.00 1.0000 1.60 £ 2.28 0.88 £1.54 0.0511 1.0000

- Fresh frozen plasma (unit) 3.45+3.98 422 £5.03 2.73 £2.53 1.0000 373 +4.11 252 +3.14 1.0000

. 3:4:1 3:3:1

- 20:40:60 g Albumin (3.53:4.71:1.18%) 0:1:0 (0:2.70:0%) (6.25:6.25:2.08%) 1.0000 0:0:0 (0:0:0%) 3:4:1 (12:16:8%) 0.0015
Pleura punction 8(9.41%) 4 (%) 4 (8.33%) 1.0000 5 (8.33%) 3 (12%) 1.0000
Dialysis 3 (3.53%) 1(2.70%) 2 (4.17%) 1.0000 2 (3.33%) 1 (4%) 1.0000
Complication grade (Clavien-Dindo)

o 7 (43.53%) 18 (48.65%) 19 (39.58%) 10000 29 (48.33%) 8 (32%) 10000

- I 2 (25.88%) 12 (32.43%) 10 (20.83%) 14 (23.33%) 8 (32%)

v 3 (3.53%) 1(2.70%) 2 (4.17%) 2 (3.33%) 1 (4%)

v 2 (2.35%) 0 (0%) 2 (4.17%) 2 (3.33%) 0 (0%)
Complications

- Anastomotic insufficiency/leak 2 (2.35%) 2 (5.41%) 0 (0%) 1.0000 1 (1.67%) 1 (4%) 1.0000

- Pheumonia 7 (8.24%) 2 (5.41%) 5 (10.42%) 1.0000 6 (10.00%) 1 (4%) 1.0000

- Pulmonary embolism 4 (4.71%) 2 (5.41%) 2 (4.17%) 1.0000 4 (6.67%) 0 (0%) 1.0000

- Urinary tract infection 20 (23.53%) 10 (27.03%) 10 (20.83%) 1.0000 15 (25.00%) 5 (20%) 1.0000

- Pleural effusion 21 (24.71%) 11 (29.73%) 10 (20.83%) 1.0000 16 (26.67%) 5 (20%) 1.0000

- Fascial rupture 3 (3.53%) 1 (2.70%) 2 (4.17%) 1.0000 2 (3.33%) 1 (4%) 1.0000

- Renal insufficiency 7 (8.24%) 2 (5.41%) 5 (10.42%) 1.0000 3 (5.00%) 4 (16%) 1.0000

- Surgical site infection 10 (11.76%) 7 (18.92%) 3 (6.25%) 1.0000 9 (15.00%) 1 (4%) 1.0000

- Mortality (30 days) 2 (2.35%) 0 (0%) 2 (4.17%) 1.0000 2 (3.33%) 0 (0%) 1.0000

- Reoperation 12 (14.12%) 5 (13.51%) 7 (14.58%) 1.0000 8 (13.33%) 4 (16%) 1.0000
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Table 1. Cont.

Upfront HIPEC  Interval HIPEC Crude 60 min HIPEC 90 min HIPEC Crude

Clinical Characteristics Total (n = 85) 1 =37) (1 = 48) p-Value p-Value (1 = 60) (1 = 25) p-Value p-Value
Median overall survival (month) 42.58 43.00 47.44 - 31.16 58.41 -
Median DSS (month) 45.24 45.24 47.44 - 41.92 58.41 -
Median RFS (month) -1 -1 59.73 - 59.73 -1 -

1 Not enough event occurred, median RFS not reached. Ana: anastomosis; ASA: American Society for Anesthesiologists; CC: Sugarbaker’s completeness of cytoreduction score; DSS:
disease-specific survival; FIGO: Federation Internationale de Gynecolgie et d'Obstetrique; HGS: High-grade serous; HIPEC: Hyperthermic Intraperitoneal Chemotherapy; ICU: intensive
care unit; met: metastasis; NACT: neoadjuvant chemotherapy; perit: peritonectomy; RFS: recurrence-free survival; TAX: paclitaxel.
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Figure 1. Primary ovarian cancer patients, who needed neoadjuvant chemotherapy (NACT) prior to
CRS + HIPEC (interval HIPEC) had seemingly worse disease-specific survival compared to those
who did not need NACT (upfront HIPEC). However, no statistical difference could be justified due to
the change seen in the survival curve of interval HIPEC patients within the middle of the observation
period. CRS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy.

3.2. Does the Duration of HIPEC Affect Clinical Parameters and Patient Survival?

Administration of NACT was more common prior 90min-long HIPEC treatments
(48.3% vs. 76%; crude p = 0.0298). PCI (p = 0.0593, crude p = 0.0009) and the duration
of the tumor removal surgery excl. HIPEC (crude p = 0.0145) was higher and longer
in 60 min long HIPEC, respectively. The following peri- and postoperative differences
were found between the two groups. Colon (crude p = 0. 0097) and rectosigmoid
resection (crude p = 0.0091), protective and/or long-term ileostomy (crude p = 0.0080),
and left upper-quadrant peritonectomy (crude p = 0.0149) was needed more often in the
60min-long HIPEC group. Average ICU stay was 1.5 day shorter in the case of patients
belonging to the 90min-long HIPEC group (crude p = 0.0361), and they needed fewer
units of erythrocyte (crude p = 0.0511) and/or albumin concentrates (p = 0.0015).

Better OS was observed for the patients belonging to the 90min-long HIPEC group
(HR: 0.3225, 95% CI: 0.1140-0.9126, p = 0.0330). However, only marginal and non-significant
differences were found in the case of DSS (HR: 0.3895, 95% CI: 0.1494-1.0160, p = 0.0538)
and RFS (HR: 0.4640, 95% CI: 0.1408-1.5290, p = 0.2070), respectively (Figure 2). The effect
of NACT over survival during the different HIPEC durations was also analyzed (Figure 3).
Compared to the 60 min HIPEC without NACT subgroup, marginally better OS (HR: 0.5683,
95% CI: 0.3110-1.0380, p = 0.0661, Figure 3A) and DSS (HR: 0.6292, 95% CI: 0.3325-1.1910,
p = 0.1550) were found for the patients receiving NACT prior to the 60 min HIPEC, while there
was no difference in RFS (p = 0.5000). The use of NACT had no effect on the survival of patients
within the 90 min HIPEC group (OS: p = 0.9410; DSS: p = 0.9360; RFS: p = 0.9720; Figure 3B).
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Figure 2. Survival of primary ovarian cancer patients, who received 60 or 90 min-long HIPEC
treatment. CRS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy.
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Figure 3. Survival difference of patients receiving neoadjuvant chemotherapy (NACT) prior to the
(A) 60 min and (B) 90min-long HIPEC surgery, compared to those patients who did not receive NACT.
CRS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy.
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3.3. Analysis of Other Parameters on Patient Survival Data

Another interest of our research was whether previous, incomplete tumor removal
surgeries would affect the outcome of CRS + HIPEC. A total of 31 of the 85 (36.47%)
patients had at least one previous, incomplete tumor removal surgery with an average of
134 £ 79 days interval between the previous and CRS + HIPEC surgery. Marginally better
DSS was observed for patients with longer interval between the two operations (HR: 0.8641,
95% CI: 0.7348-1.0160, p = 0.0774), while no statistical difference was found in the case of
OS (p = 0.2270) and RFS (p = 0.7330). Similarly, no difference was observed between the
survival of patients with and without previous surgery (DSS: p = 0.4300; OS: p = 0.4290;
RFS: p = 0.8740; Figure 4). Adjustment in the previously presented survival models for
previous, incomplete tumor removal surgeries did not affect their result.

Any incomplete tumor removal surgery prior to CRS + HIPEC:

PLL\.\ Yes — No

0

12 24 36 48 60 72 84 96 108 120

Number at risk: n (%)

0154 (100) 41 (76) 33(61) 23 (43) 16(30) 8 (15) 4(7) 4(7) 3 (6) 142) 0 (0)

0

12 24 36 48 60 72 84 9 108 120
Time elapsed since CRS + HIPEC (month)
Figure 4. Survival of primary ovarian cancer patients, who had or did not have any previos, in-

complete tumor removal surgery prior to the CRS + HIPEC procedure. CRS: cytoreductive surgery;
HIPEC: hyperthermic intraperitoneal chemotherapy.

The effects of various clinical characteristics on patient survival were analyzed using
uni- and multivariate survival models. Similar to previous findings [23-26], age, body
mass index, FIGO stage, ASA score, CC score and Clavien-Dindo complication grade had
a significant effect on DSS, OS and/or RFS (Table 2). It has to be highlighted that based on
our multivariate survival results, the duration and type of HIPEC has more importance in
the case of DSS and OS than CC score or FIGO stage. Neither of the two parameters had
any effect on RFS (Table 2).
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Table 2. Results of uni- and multivariate survival models.

Clinical Characteristics

DSS (O] RFS

Univariate =~ Multivariate Univariate = Multivariate Univariate = Multivariate

p-Value p-Value p-Value p-Value p-Value p-Value
Age (years) 0.0307 0.0113 0.0088 0.0416 0.6850 0.4184
Body mass index (kg/m?) 0.0230 0.0004 0.0301 0.0044 0.6630 0.7968
ASA score <0.0001 <0.0001 0.2821 0.1319 <0.0001 <0.0001
FIGO Stage 0.4550 <0.0001 0.3085 0.2154 <0.0001 <0.0001
CC score 0.0921 0.1617 0.0888 0.2351 0.3446 0.1521
Peritoneal carcinomatosis index 0.0724 < 0.0001 0.1040 0.0062 0.7090 0.1075
Type of HIPEC (upfront vs. interval) 0.3670 < 0.0001 0.2410 0.0016 0.8240 0.1865
Duration of HIPEC (60 vs. 90 min) 0.0538 0.0030 0.0330 0.0012 0.2070 0.0959
Complication grade (Clavien-Dindo) 0.1340 -1 0.0018 0.0041 <0.0001 <0.0001
Any incomplete tumor removal 0.4300 0.0655 0.4290 0.2552 0.8740 0.9810

surgery prior CRS + HIPEC

1 Computation of Type II Analysis of Deviance Table p-value was not feasible. ASA: American Society for
Anesthesiologists; CC: Sugarbaker’s completeness of cytoreduction score; DSS: disease-specific survival; FIGO:
Federation Internationale de Gynecolgie et d’Obstetrique; HIPEC: hyperthermic intraperitoneal chemotherapy;
RFS: recurrence-free survival; OS: overall survival.

4. Discussion

In the natural history of ovarian cancer, the disease is confined to the peritoneal cavity
in the vast majority of patients at initial diagnosis and in recurrence [27]. This prerequisite
creates an ideal target for intraperitoneal (IP) chemotherapy, which leads to high peritoneal
to plasma ratios compared with intravenous (IV) treatment [28]. In the meantime, multiple
randomized trials and subsequent meta-analyses support the superiority of IV/IP over
IV treatment in optimally cytoreduced patients [29-31]. However, secondary to toxicity
and the difficulty at the administration of IP therapy, less than half of eligible patients
received the treatment in the report by Wright et al. [31]. In order to avoid the difficulties
caused by the intraperitoneal port catheter and to take advantage of the additional well-
established effects of HIPEC with cisplatin (treating microscopical residual disease, due to
the “peritoneal plasma barrier” providing dose-intensive therapy in the peritoneal cavity,
increasing drug penetration into the tissues, and increasing the cytotoxicity of cisplatin
through a synergic effect with hyperthermia [4,32,33]), it seems reasonable to optimize
the parameters in the context of HIPEC. In the absence of a standardized protocol for
delivering HIPEC in ovarian cancer due to the many possible variables (dosage, duration
of perfusion, and methodologies), there is a wide range of variation in each parameter
worldwide [34]. Indeed, to increase the number of intraperitoneal chemotherapy cycles with
or without hyperthermia is proving difficult for technical reasons; nevertheless, to extend
the treatment duration seems reasonable. In addition, to establish an effective protocol, it
is necessary to test the parameters one by one in vivo, which we measured in the present
study by comparing the duration of HIPEC in 60 versus 90 min. Hereby, we observed
prolonged survival for the patients belonging to the 90 min HIPEC group. Likewise, in a
recent meta-analysis by Wang and associates [35], no differences were found in subgroup
analyses in OS and disease-free survival (DFS) in patients who received HIPEC for 30 min
compared with the CRS group. Moreover, patients who received HIPEC for 60 min or
90 min exhibited significantly improved OS (HR = 0.47, 95% CI = 0.29-0.78, p < 0.01 and
HR =0.59, 95% CI = 0.40-0.88, p < 0.01, respectively); furthermore, in the case of 90 min
treatment, DFS also significantly improved (HR = 0.62, 95% CI = 0.47-0.81, p < 0.01) [35].
Considering the safety of prolonged therapy, it has been demonstrated by our group in a
comparative study that 90 min cisplatin and doxorubicin HIPEC administration did not
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increase perioperative morbidity and mortality compared to the 60 min administration,
with simultaneous prolongation of exposure time and potential cytotoxic drug effect [36]. In
the latter study, 35 of 120 (29.2%) patients had had ovarian cancer, out of which those with
primary epithelial diagnosis were also included in the current study [36]. Summarizing
the clinical and external results including the randomized prospective studies to date, our
protocol changed in the second half of 2021 to a 90 min cisplatin monotherapy, which is the
most effective HIPEC therapy currently known to treat EOC.

The optimal timing of CRS + HIPEC has been investigated also by other authors [7],
but it has not been widely established yet. After the encouraging result of van Driel
and colleagues [9] in the interval setting, interest has turned to this timing. We failed to
present the superiority of interval HIPEC over upfront HIPEC in our patient cohort with
FIGO > IIIB stage. This finding is in line with Spiliotis et al. [7] who reported an OS for
upfront CRS + HIPEC of 48 months, and for interval CRS + HIPEC 30 months (p = 0.074) in
a similar cohort of patients, with the addition of FIGO stage IIIA compared to our study [7].

Even though NACT is increasingly used as the primary treatment for EOC [37], contro-
versies persist on whether NACT might act as a driver for chemotherapy resistance [38,39].
Based on two randomized controlled trials without HIPEC, survival after upfront cy-
toreduction or interval cytoreduction with three cycles of carboplatin and paclitaxel was
similar [40,41]. The many known advantages of NACT, such as reducing the extent of
surgery and the need for multivisceral resections; increasing the rate of complete resection;
and selection of patients who are responsive to chemotherapy and thus selecting the appro-
priate candidates for CRS, have been demonstrated several times by other authors and in
the current study as well [42,43]. However, another aspect is the high incidence of occult
microscopic disease and scar tissues after neoadjuvant chemotherapy, which may involve
tumor tissue and which, according to the literature, may occur in half of the cases [44,45].
For this reason, some authors recommend routine total parietal peritonectomy regardless
of visible disease [46]. In our opinion, and based on clinical experience, the strict three
cycles of neoadjuvant treatment before cytoreductive surgery is not always feasible, since
in many patients further neoadjuvant cycles only lead to the patient receiving complete
macroscopic or nearly complete cytoreduction by reducing the number of cycles (assuming
a response) of peritoneal disease. This opinion is also shared by others [42,46]. Conversely,
others have reported poorer prognosis with prolonged neoadjuvant chemotherapy (after
more than four cycles of NACT) compared to those who were operated on earlier [47].
We cannot share this opinion, as our results showed no survival difference after multiple
neoadjuvant cycles.

It is still unclear to what extent the above-mentioned occult remaining tumor tissue
and chemotherapy resistance play a role. Despite the fact that many authors describe that
complete tumor clearance after neoadjuvant chemotherapy is higher than after upfront
cytoreduction [4,43,48], as well as known residual tumor being one of the most important
prognostic factors [49], it would be logical that this difference could be reflected in survival,
but this failed to show survival benefit after neoadjuvant chemotherapy with or without
HIPEC [7,40]. This also means that there is currently an unclear clinical difference and
impact of residual tumor tissue after upfront and interval cytoreduction [43]. In the
future, the recently developed novel fluorescent drug pafolacianine (Cytalux) may serve
intraoperatively to bring occult lesions especially in the interval setting to visual inspection,
thus facilitating macroscopic complete tumor resection [50].

The debate around neoadjuvant chemotherapy is to be decided by the ongoing prospec-
tive randomized clinical trial TRUST [51]. Nevertheless, registering that the survival of the
upfront and interval groups is similar, and less aggressive surgeries were performed, with
fewer ileostomies in patients treated with NACT, raises the possible need to re-evaluate
the SGO and ASCO schedules in clinical practice in relation to neoadjuvant chemotherapy.
Lastly, it should be noted that Liu et al. [52] reported that more than a quarter of neoad-
juvantly treated advanced ovarian cancer patients will never reach the point to undergo
cytoreductive surgery, and these patients have a significantly increased all-cause mortality
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compared to those who have undergone surgery at some point during their disease course.
In the event that the role of HIPEC is supported by randomized prospective studies and
widely accepted as part of the therapeutic protocol, a further question remains how this
adjunctive therapy can be integrated into the multimodal treatment of ovarian cancer, in
particular systemic chemotherapy, antibody and novel rapidly evolving targeted therapies
and biological agents.

Limitations of the Study

The limitations of this study should be addressed. Due to its retrospective nature, the
present study may contain biases. It is worth noting that some of the patients enrolled
in the study were referred to our tertiary center, often with extensive peritoneal carcino-
matosis with more complex cases, and that the number of cycles of prior neoadjuvant
chemotherapy was administered by external oncologists, a decision on which we had no
influence. Furthermore, no BRCA (breast cancer gene) status was specified, which may
even play a role in survival. The lack of a control group precludes a reliable conclusion on
the benefit of HIPEC. Due to the shortness of the follow-up period in the 90 min HIPEC
group, further observation is needed. Further possible inherent confounders are the se-
lection biases associated with the retrospective nature of the data and the relatively small
number of cases. Furthermore, the current study is a 10-year retrospective series where the
duration of HIPEC has changed; however, all other variables including the surgical team
have remained unchanged.

5. Conclusions

Growing clinical data suggest that the addition of HIPEC after CRS for primary
ovarian cancer patients is an additive therapy well established in vitro and in vivo that can
further improve overall survival. Ongoing prospective studies should determine the best
timing of this treatment and predict the definitive effect on survival. In this study we report
the superiority of prolonged application of HIPEC. To further evaluate this effect, longer
observation time is necessary.

Author Contributions: Conceptualization, M.A., S.H. and P.P; Methodology, M.A., Z.H., AM.S.
and M.M.; Validation, M.A., Z.H., AM.S.,, M.M. and P.P.; Formal Analysis, Z.H.; Investigation,
M.A., Z.H., S H. and PP; Resources, PP; Data Curation, M.A.; Writing—Original Draft Preparation,
M.A., Z.H. and AM.S.; Writing—Review and Editing, S.H., AM.S., M.M. and P.P; Visualization,
Z.H.; Supervision, S.H. and PP,; Project Administration, M.A. and Z.H.; Funding Acquisition, M.A.,
ZH., AMS.,, MM, S H. and PP. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki. Ethical review and approval were waived for this study due to the
retrospective nature of the study. All the patients had agreed to data recording for the national
HIPEC registry and simultaneously to use their anonymized data for quality assurance and research
purposes by written and verbal informed consent prior to surgery. Therefore, no institutional or
further review board approval was necessary.

Informed Consent Statement: Informed consent was obtained from all subjects prior to HIPEC
surgery at the time they agreed to the data recording for the national HIPEC registry.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2022, 14, 3301 16 of 18

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bray, E; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer J. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]
Lowe, K.A.; Chia, VM,; Taylor, A.; O’Malley, C.; Kelsh, M.; Mohamed, M.; Mowat, ES.; Goff, B. An international assessment of
ovarian cancer incidence and mortality. Gynecol. Oncol. 2013, 130, 107-114. [CrossRef] [PubMed]

Colombo, N.; Sessa, C.; du Bois, A.; Ledermann, J.; McCluggage, W.G.; McNeish, I.; Morice, P; Pignata, S.; Ray-Coquard, I;
Vergote, I.; et al. ESMO-ESGO consensus conference recommendations on ovarian cancer: Pathology and molecular biology, early
and advanced stages, borderline tumours and recurrent diseasedagger. Ann. Oncol. 2019, 30, 672-705. [CrossRef]

Coccolini, F.; Fugazzola, P.; Montori, G.; Ansaloni, L.; Chiarugi, M. Intraperitoneal chemotherapy for ovarian cancer with
peritoneal metastases, systematic review of the literature and focused personal experience. ]. Gastrointest. Oncol. 2021, 12,
5144-5181. [CrossRef]

Friedrich, M.; Zinn, W.; Kolnsberg, L.; Kraft, C.; Kuhn, W. Hyperthermic Intraperitoneal Chemotherapy (HIPEC) for Ovarian
Cancer: Evaluation of Side Effects in a Single Institution Cohort. Anticancer Res. 2020, 40, 1481-1486. [CrossRef]

Riggs, M.].; Pandalai, P.K.; Kim, J.; Dietrich, C.S. Hyperthermic Intraperitoneal Chemotherapy in Ovarian Cancer. Diagnostics
2020, 10, 43. [CrossRef] [PubMed]

Spiliotis, J.; Iavazzo, C.; Fotiou, A.; Kopanakis, N.; Terra, A.; Efstathiou, E.; Margari, C.; Tsiatas, M. Upfront or intermediate
treatment of advanced ovarian cancer patients with cytoreduction plus HIPEC: Results of a retrospective study. J. Surg. Oncol.
2021, 123, 630-637. [CrossRef]

Le Saux, O.; Decullier, E.; Freyer, G.; Glehen, O.; Bakrin, N. Long-term survival in patients with epithelial ovarian cancer following
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC). Int. ]. Hyperth. 2018, 35, 652-657. [CrossRef]
Van Driel, W.J.; Koole, S.N.; Sikorska, K.; van Leeuwen, ].H.S.; Schreuder, HW.; Hermans, R.H.; de Hingh, LH.].T.; van der Velden,
J.; Arts, HJ.; Massuger, L.E.A.G.; et al. Hyperthermic intraperitoneal chemotherapy in ovarian cancer. N. Engl. ]. Med. 2018, 378,
230-340. [CrossRef]

Armstrong, D.K.; Alvarez, R.D.; Bakkum-Gamez, ].N.; Barroilhet, L.; Behbakht, K.; Berchuck, A.; Berek, J.S.; Chen, L.M.; Cristea,
M.; DeRosa, M.; et al. NCCN Guidelines Insights: Ovarian Cancer, Version 1.2019. J. Natl. Compr. Cancer Netw. 2019, 17, 896-909.
[CrossRef]

Lavoue, V.; Huchon, C.; Akladios, C.; Alfonsi, P; Bakrin, N.; Ballester, M.; Bendifallah, S.; Bolze, P.A.; Bonnet, F; Bourgin, C.; et al.
Management of epithelial cancer of the ovary, fallopian tube, primary peritoneum. Long text of the joint French clinical practice
guidelines issued by FRANCOGYN, CNGOF, SFOG, GINECO-ARCAGY, endorsed by INCa. (Part 2: Systemic, intraperitoneal
treatment, elderly patients, fertility preservation, follow-up). J. Gynecol. Obstet. Hum. Reprod. 2019, 48, 379-386. [CrossRef]
[PubMed]

Tokunaga, H.; Mikami, M.; Nagase, S.; Kobayashi, Y.; Tabata, T.; Kaneuchi, M.; Satoh, T.; Hirashima, Y.; Matsumura, N.; Yokoyama,
Y.; et al. The 2020 Japan Society of Gynecologic Oncology guidelines for the treatment of ovarian cancer, fallopian tube cancer,
and primary peritoneal cancer. J. Gynecol. Oncol. 2021, 32, e49. [CrossRef] [PubMed]

Redondo, A.; Guerra, E.; Manso, L.; Martin-Lorente, C.; Martinez-Garcia, J.; Perez-Fidalgo, J.A.; Varela, M.Q.; Rubio, M.] ;
Barretina-Ginesta, M.P.; Gonzalez-Martin, A. SEOM clinical guideline in ovarian cancer (2020). Clin. Transl. Oncol. 2021, 23,
961-968. [CrossRef] [PubMed]

Deutsche Krebsgesellschaft, D.K. AWMF. S3-Leitlinie Diagnostik, Therapie und Nachsorge maligner Ovarialtumoren Langversion
4.0, AWMF Registrierungsnummer: 032/0350L 2020.

Di Giorgio, A.; Naticchioni, E.; Biacchi, D.; Sibio, S.; Accarpio, E; Rocco, M.; Tarquini, S.; Di Seri, M.; Ciardi, A.; Montruccoli, D.; et al.
Cytoreductive surgery (peritonectomy procedures) combined with hyperthermic intraperitoneal chemotherapy (HIPEC) in the
treatment of diffuse peritoneal carcinomatosis from ovarian cancer. Cancer 2008, 113, 315-325. [CrossRef]

Munoz-Casares, F.C.; Medina-Fernandez, FJ.; Arjona-Sanchez, A.; Casado-Adam, A.; Sanchez-Hidalgo, ].M.; Rubio, M.].; Ortega-
Salas, R.; Munoz-Villanueva, M.C.; Rufian-Pena, S.; Briceno, FJ. Peritonectomy procedures and HIPEC in the treatment of
peritoneal carcinomatosis from ovarian cancer: Long-term outcomes and perspectives from a high-volume center. Eur. J. Surg.
Oncol. 2015, 42, 224-233. [CrossRef]

Lim, M.C,; Chang, S.J.; Yoo, H.J.; Nam, B.H.; Bristow, R.; Park, S.Y. Randomised trial of hyperthermic intraperitneal chemotherapy
(HIPEC) in women with advanced peritoneal, ovarian and tubal cancer. J. Clin. Oncol. 2017, 35 (Suppl. 515), 5520. [CrossRef]
Mutch, D.G,; Prat, ]. 2014 FIGO staging for ovarian, fallopian tube and peritoneal cancer. Gynecol. Oncol. 2014, 133, 401-404.
[CrossRef]

Wright, A.A.; Bohlke, K.; Armstrong, D.K.; Bookman, M.A; Cliby, W.A.; Coleman, R.L.; Dizon, D.S.; Kash, ].].; Meyer, L.A.; Moore,
K.N.; et al. Neoadjuvant chemotherapy for newly diagnosed, advanced ovarian cancer: Society of Gynecologic Oncology and
American Society of Clinical Oncology Clinical Practice Guideline. Gynecol. Oncol. 2016, 143, 3-15. [CrossRef]

Jacquet, P.; Sugarbaker, PH. Current methodologies for clinical assessment of patients with peritoneal carcinomatosis. J. Exp. Clin.
Cancer Res. 1996, 15, 49-58.

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205-213. [CrossRef]

Holm, S. A Simple Sequentially Rejective Multiple Test Procedure. Scand. J. Stat. 1979, 6, 65-70.


http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://doi.org/10.1016/j.ygyno.2013.03.026
http://www.ncbi.nlm.nih.gov/pubmed/23558050
http://doi.org/10.1093/annonc/mdz062
http://doi.org/10.21037/jgo-2020-06
http://doi.org/10.21873/anticanres.14092
http://doi.org/10.3390/diagnostics10010043
http://www.ncbi.nlm.nih.gov/pubmed/31947647
http://doi.org/10.1002/jso.26280
http://doi.org/10.1080/02656736.2018.1518544
http://doi.org/10.1056/NEJMoa1708618
http://doi.org/10.6004/jnccn.2019.0039
http://doi.org/10.1016/j.jogoh.2019.03.018
http://www.ncbi.nlm.nih.gov/pubmed/30936025
http://doi.org/10.3802/jgo.2021.32.e49
http://www.ncbi.nlm.nih.gov/pubmed/33650343
http://doi.org/10.1007/s12094-020-02545-x
http://www.ncbi.nlm.nih.gov/pubmed/33515422
http://doi.org/10.1002/cncr.23553
http://doi.org/10.1016/j.ejso.2015.11.006
http://doi.org/10.1200/JCO.2017.35.15_suppl.5520
http://doi.org/10.1016/j.ygyno.2014.04.013
http://doi.org/10.1016/j.ygyno.2016.05.022
http://doi.org/10.1097/01.sla.0000133083.54934.ae

Cancers 2022, 14, 3301 17 of 18

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Klar, M.; Hasenburg, A.; Hasanov, M.; Hilpert, F.; Meier, W.; Pfisterer, J.; Pujade-Lauraine, E.; Herrstedt, J.; Reuss, A.; du Bois, A.
Prognostic factors in young ovarian cancer patients: An analysis of four prospective phase III intergroup trials of the AGO Study
Group, GINECO and NSGO. Eur. . Cancer 2016, 66, 114-124. [CrossRef] [PubMed]

Aletti, G.D.; Gostout, B.S.; Podratz, K.C.; Cliby, W.A. Ovarian cancer surgical resectability: Relative impact of disease, patient
status, and surgeon. Gynecol. Oncol. 2006, 100, 33-37. [CrossRef] [PubMed]

Aletti, G.D.; Dowdy, S.C.; Gostout, B.S.; Jones, M.B.; Stanhope, C.R.; Wilson, T.O.; Podratz, K.C.; Cliby, W.A. Aggressive surgical
effort and improved survival in advanced-stage ovarian cancer. Obstet. Gynecol. 2006, 107, 77-85. [CrossRef] [PubMed]

Torre, L.A.; Trabert, B.; DeSantis, C.E.; Miller, K.D.; Samimi, G.; Runowicz, C.D.; Gaudet, M.M.; Jemal, A_; Siegel, R.L. Ovarian
cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 284-296. [CrossRef]

Helm, C.W. The role of hyperthermic intraperitoneal chemotherapy (HIPEC) in ovarian cancer. Oncologist 2009, 14, 683-694.
[CrossRef]

Markman, M. Intraperitoneal chemotherapy in the management of malignant disease. Expert Rev. Anticancer Ther. 2001, 1,
142-148. [CrossRef]

Armstrong, D.K,; Bundy, B.; Wenzel, L.; Huang, H.Q.; Baergen, R.; Lele, S.; Copeland, L.J.; Walker, J.L.; Burger, R.A.; Gynecologic
Oncology, G. Intraperitoneal cisplatin and paclitaxel in ovarian cancer. N. Engl. J. Med. 2006, 354, 34-43. [CrossRef]

Tewari, D.; Java, J.J.; Salani, R.; Armstrong, D.K.; Markman, M.; Herzog, T.; Monk, B.J.; Chan, ] K. Long-term survival advantage
and prognostic factors associated with intraperitoneal chemotherapy treatment in advanced ovarian cancer: A gynecologic
oncology group study. J. Clin. Oncol. 2015, 33, 1460-1466. [CrossRef]

Wright, A.A.; Cronin, A.; Milne, D.E.; Bookman, M.A.; Burger, R.A.; Cohn, D.E.; Cristea, M.C.; Griggs, ]J.J.; Keating, N.L.;
Levenback, C.E; et al. Use and Effectiveness of Intraperitoneal Chemotherapy for Treatment of Ovarian Cancer. |. Clin. Oncol.
2015, 33, 2841-2847. [CrossRef]

Istomin, Y.P.; Zhavrid, E.A.; Alexandrova, E.N.; Sergeyeva, O.P,; Petrovich, S.V. Dose enhancement effect of anticaner drugs
associated with increased temperature in vitro. Exp. Oncol. 2008, 30, 56-59. [PubMed]

Rietbroek, R.C.; van de Vaart, PJ.; Haveman, J.; Blommaert, EA.; Geerdink, A.; Bakker, P].; Veenhof, C.H. Hyperthermia enhances
the cytotoxicity and platinum-DNA adduct formation of lobaplatin and oxaliplatin in cultured SW 1573 cells. . Cancer Res. Clin.
Oncol. 1997, 123, 6-12. [CrossRef] [PubMed]

Helderman, R.; Loke, D.R.; Kok, H.P; Oei, A.L.; Tanis, P.J.; Franken, N.; Crezee, J. Variation in Clinical Application of Hyperthermic
Intraperitoneal Chemotherapy: A Review. Cancers 2019, 11, 78. [CrossRef] [PubMed]

Wang, Y.; Ren, F; Chen, P; Liu, S.; Song, Z.; Ma, X. Effects of CytoReductive surgery plus hyperthermic IntraPEritoneal
chemotherapy (HIPEC) versus CytoReductive surgery for ovarian cancer patients: A systematic review and meta-analysis. Eur. .
Surg. Oncol. 2019, 45, 301-309. [CrossRef]

Acs, M.; Halmy, L.; Isgandarova, S.; Blaj, S.; Gerken, M.; Hormann, B.; Piso, P. Hyperthermic Intraperitoneal Chemotherapy with
Cisplatin and Doxorubicin for 90 Minutes Versus 60 Minutes after Cytoreductive Surgery (CRS). Does the 30-Minute Difference
Matter? A Comparative Study in a High Volume Centre. Anticancer Res. 2022, 42, 1019-1029. [CrossRef]

Mueller, J.J.; Zhou, Q.C.; lasonos, A.; O’Cearbhaill, R.E.; Alvi, EA.; El Haraki, A.; Eriksson, A.G.; Gardner, G.]J.; Sonoda, Y.;
Levine, D.A.; et al. Neoadjuvant chemotherapy and primary debulking surgery utilization for advanced-stage ovarian cancer at a
comprehensive cancer center. Gynecol. Oncol. 2016, 140, 436-442. [CrossRef]

Fago-Olsen, C.L.; Ottesen, B.; Kehlet, H.; Antonsen, S.L.; Christensen, L.].; Markauskas, A.; Mosgaard, B.J.; Ottosen, C.; Soegaard,
C.H.; Soegaard-Andersen, E.; et al. Does neoadjuvant chemotherapy impair long-term survival for ovarian cancer patients? A
nationwide Danish study. Gynecol. Oncol. 2014, 132, 292-298. [CrossRef]

Leary, A.; Cowan, R.; Chi, D.; Kehoe, S.; Nankivell, M. Primary Surgery or Neoadjuvant Chemotherapy in Advanced Ovarian
Cancer: The Debate Continues. Am. Soc. Clin. Oncol. Educ. Book 2016, 35, 153-162. [CrossRef]

Vergote, I.; Trope, C.G.; Amant, F; Kristensen, G.B.; Ehlen, T.; Johnson, N.; Verheijen, R.H.; van der Burg, M.E.; Lacave, A.];
Panici, P.B.; et al. Neoadjuvant chemotherapy or primary surgery in stage IIIC or IV ovarian cancer. N. Engl. ]. Med. 2010, 363,
943-953. [CrossRef]

Kehoe, S.; Hook, J.; Nankivell, M.; Jayson, G.C.; Kitchener, H.; Lopes, T.; Luesley, D.; Perren, T.; Bannoo, S.; Mascarenhas, M.;
et al. Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): An open-label,
randomised, controlled, non-inferiority trial. Lancet 2015, 386, 249-257. [CrossRef]

Marrelli, D.; Petrioli, R.; Cassetti, D.; D’Ignazio, A.; Marsili, S.; Mazzei, M.A.; Lazzi, S.; Roviello, F. A novel treatment protocol
with 6 cycles of neoadjuvant chemotherapy followed by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
(HIPEC) in stage III primary ovarian cancer. Surg. Oncol. 2021, 37, 101523. [CrossRef] [PubMed]

Fotopoulou, C. Neoadjuvant chemotherapy for advanced ovarian cancer: The tail of the scorpion for radical debulking surgery?
Int. . Gynecol. Cancer 2020, 30, 1665-1666. [CrossRef] [PubMed]

Timmermans, M.; van der Hel, O.; Sonke, G.S.; Van de Vijver, K.K,; van der Aa, M.A.; Kruitwagen, R.F. The prognostic value of
residual disease after neoadjuvant chemotherapy in advanced ovarian cancer; A systematic review. Gynecol. Oncol. 2019, 153,
445-451. [CrossRef] [PubMed]

Tate, S.; Nishikimi, K.; Kato, K.; Matsuoka, A.; Kambe, M.; Kiyokawa, T.; Shozu, M. Microscopic diseases remain in initial
disseminated sites after neoadjuvant chemotherapy for stage III/IV ovarian, tubal, and primary peritoneal cancer. . Gynecol.
Oncol. 2020, 31, e34. [CrossRef]


http://doi.org/10.1016/j.ejca.2016.07.014
http://www.ncbi.nlm.nih.gov/pubmed/27561452
http://doi.org/10.1016/j.ygyno.2005.07.123
http://www.ncbi.nlm.nih.gov/pubmed/16153692
http://doi.org/10.1097/01.AOG.0000192407.04428.bb
http://www.ncbi.nlm.nih.gov/pubmed/16394043
http://doi.org/10.3322/caac.21456
http://doi.org/10.1634/theoncologist.2008-0275
http://doi.org/10.1586/14737140.1.1.142
http://doi.org/10.1056/NEJMoa052985
http://doi.org/10.1200/JCO.2014.55.9898
http://doi.org/10.1200/JCO.2015.61.4776
http://www.ncbi.nlm.nih.gov/pubmed/18438342
http://doi.org/10.1007/BF01212608
http://www.ncbi.nlm.nih.gov/pubmed/8996534
http://doi.org/10.3390/cancers11010078
http://www.ncbi.nlm.nih.gov/pubmed/30641919
http://doi.org/10.1016/j.ejso.2018.10.528
http://doi.org/10.21873/anticanres.15563
http://doi.org/10.1016/j.ygyno.2016.01.008
http://doi.org/10.1016/j.ygyno.2013.11.035
http://doi.org/10.1200/EDBK_160624
http://doi.org/10.1056/NEJMoa0908806
http://doi.org/10.1016/S0140-6736(14)62223-6
http://doi.org/10.1016/j.suronc.2021.101523
http://www.ncbi.nlm.nih.gov/pubmed/33545658
http://doi.org/10.1136/ijgc-2020-002081
http://www.ncbi.nlm.nih.gov/pubmed/33046572
http://doi.org/10.1016/j.ygyno.2019.02.019
http://www.ncbi.nlm.nih.gov/pubmed/30826010
http://doi.org/10.3802/jgo.2020.31.e34

Cancers 2022, 14, 3301 18 of 18

46.

47.

48.

49.

50.

51.

52.

Carboni, E; Federici, O.; Sperduti, I.; Zazza, S.; Sergi, D.; Corona, F.; Valle, M. Cytoreductive Surgery with Hyperthermic
Intraperitoneal Chemotherapy for Peritoneal Carcinomatosis from Epithelial Ovarian Cancer: A 20-Year Single-Center Experience.
Cancers 2021, 13, 523. [CrossRef]

Bartels, H.C.; Rogers, A.C.; McSharry, V.; McVey, R.; Walsh, T.; O’Brien, D.; Boyd, W.D.; Brennan, D.]. A meta-analysis of morbidity
and mortality in primary cytoreductive surgery compared to neoadjuvant chemotherapy in advanced ovarian malignancy.
Gynecol. Oncol. 2019, 154, 622-630. [CrossRef]

Fagotti, A.; Ferrandina, M.G.; Vizzielli, G.; Pasciuto, T.; Fanfani, F.; Gallotta, V.; Margariti, P.A.; Chiantera, V.; Costantini, B.;
Alletti, S.G.; et al. Randomized trial of primary debulking surgery versus neoadjuvant chemotherapy for advanced epithelial
ovarian cancer (SCORPION-NCT01461850). Int. |. Gynecol. Cancer. 2020, 30, 1657-1664. [CrossRef]

Bristow, R.E.; Tomacruz, R.S.; Armstrong, D.K,; Trimble, E.L.; Montz, E]. Survival effect of maximal cytoreductive surgery for
advanced ovarian carcinoma during the platinum era: A meta-analysis. J. Clin. Oncol. 2002, 20, 1248-1259. [CrossRef]

Voelker, R. Lighting the Way for Improved Detection of Ovarian Cancer. JAMA 2022, 327, 27. [CrossRef]

Reuss, A.; du Bois, A.; Harter, P; Fotopoulou, C.; Sehouli, J.; Aletti, G.; Guyon, F,; Greggi, S.; Mosgaard, B.].; Reinthaller, A ; et al.
TRUST: Trial of Radical Upfront Surgical Therapy in advanced ovarian cancer (ENGOT ov33/AGO-OVAR OP7?). Int. ]. Gynecol.
Cancer 2019, 29, 1327-1331. [CrossRef]

Liu, Y.L,; Filippova, O.T,; Zhou, Q.; Iasonos, A.; Chi, D.S.; Zivanovic, O.; Sonoda, Y.; Gardner, G.J.; Broach, V.A.; O'Cearbhaill, R.E.; et al.
Characteristics and survival of ovarian cancer patients treated with neoadjuvant chemotherapy but not undergoing interval
debulking surgery. |. Gynecol. Oncol. 2020, 31, e17. [CrossRef] [PubMed]


http://doi.org/10.3390/cancers13030523
http://doi.org/10.1016/j.ygyno.2019.07.011
http://doi.org/10.1136/ijgc-2020-001640
http://doi.org/10.1200/JCO.2002.20.5.1248
http://doi.org/10.1001/jama.2021.22960
http://doi.org/10.1136/ijgc-2019-000682
http://doi.org/10.3802/jgo.2020.31.e17
http://www.ncbi.nlm.nih.gov/pubmed/31833259

	Introduction 
	Materials and Methods 
	Patients and Study Design 
	Details of CRS + HIPEC 
	Clinical Characteristics 
	Statistical Analysis 

	Results 
	Interval vs. Upfront HIPEC 
	Does the Duration of HIPEC Affect Clinical Parameters and Patient Survival? 
	Analysis of Other Parameters on Patient Survival Data 

	Discussion 
	Conclusions 
	References

