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No obvious advantage of
hyperthermic intraperitoneal
chemotherapy after interval
debulking surgery in the
treatment of advanced ovarian
cancer: A retrospective study
Mengmeng Lyu†, Jin Lu†, Yang Shen, Qianqian Chen,
Fei Deng* and Jinhua Wang*

Department of Gynecologic Oncology, Jiangsu Cancer Hospital & Jiangsu Institute of Cancer
Research & The Affiliated Cancer Hospital of Nanjing Medical University, Nanjing, China

Objective: To study the efficacy of interval debulking surgery (IDS) plus
hyperthermic intraperitoneal chemotherapy (HIPEC) compared to IDS alone
for the treatment of ovarian cancer after neoadjuvant chemotherapy (NACT).
Methods: We conducted a retrospective study of patients with stage IIIC/IV
high-grade serous ovarian carcinoma who underwent surgery at our center
from January 2018 to December 2019. Patients who underwent IDS after
NACT with (N= 20) or without (N= 42) HIPEC were included. HIPEC was
administered after surgery and was combined with 1–2 courses of
intraperitoneal hyperthermic perfusion with normal saline only. We analyzed
clinical information and outcomes for the two groups.
Results: The median progression-free survival (PFS) was 14.05 months in the
IDS plus HIPEC group and 12.97 months in the IDS group (P=0.597). The
median overall survival (OS) was not reached. After adjustment for age
between the two groups, the differences in PFS and OS remained
nonsignificant. The change ratio of postoperative CA-125 to preoperative
CA-125 was 0.66 in the IDS plus HIPEC group and 0.53 in the IDS group
(P= 0.341). The difference in human epididymis protein 4 (HE-4) change
ratio between the two groups was nonsignificant (P= 0.225). No significant
difference was observed in the occurrence of grade 3 and 4 adverse events
between the two groups (P= 0.201).
Conclusion: After NACT, IDS plus HIPEC did not show significant PFS and
tumor index change ratio benefits over IDS alone in patients with primary
ovarian cancer. Further investigations are needed to assess the role of HIPEC
in the treatment of ovarian cancer.
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Introduction

Based on incidence and mortality, ovarian cancer is among

the top ten cancer types in females (1). A large proportion of

ovarian cancers are at an advanced stage when discovered

(i.e., FIGO stage III or IV), and the estimated 5-year survival

rate is 20%–40% (2). According to the histological

classification, epithelial cancer accounts for 90% of ovarian

cancer types. The most common histologic subtype is high-

grade serous ovarian cancer, accounting for more than 70% of

epithelial ovarian cancers (2, 3). Patients with advanced

ovarian cancer are typically treated with the standard

treatment of cytoreductive surgery and adjuvant platinum-

based chemotherapy or NACT (4). However, high recurrence

and mortality remain unsolved problems in the treatment of

ovarian cancer.

The concept of HIPEC was introduced early in the 1980s.

High temperature alone can selectively kill tumor cells via

multiple mechanisms. The combination of high temperature

and chemotherapy can also function via multiple

mechanisms, including increased local drug concentrations,

cytotoxic effects of chemotherapeutic drugs on cancer cells,

and penetration of the drug into tumor tissue (5, 6). HIPEC

was first extensively used in gastroenteric peritoneal

metastases, as supported by multiple clinical studies (7). Use

of HIPEC in ovarian cancer began in the 1990s; however, the

effect of HIPEC on ovarian cancer remains heavily debated (8).

Prospective randomized clinical evidence concerning

HIPEC in ovarian cancer is limited (9). Two randomized

clinical trials have demonstrated the efficacy of HIPEC in

primary treated ovarian cancer after NACT and recurrent

ovarian cancer (10, 11). However, these studies had

limitations and were not convincing (9, 12). Other

randomized trials (8, 13) and retrospective analyses (14) led

to inconsistent conclusions and demonstrated a lack of

efficacy with HIPEC in ovarian cancer.

HIPEC started to be used for ovarian cancer in 2018 in our

center and was suspended in 2020 due to the coronavirus

disease 2019 pandemic. Although this technology is not

widely used in our center, we hope to share our limited

clinical experience and data. In this article, we describe our

retrospective study on the efficacy of HIPEC after NACT and

IDS in patients with primary treated stage IIIC/IV high-grade

serous ovarian cancer.
Patients and methods

In this study, we selected data from patients who met the

following conditions: diagnosed with stage IIIC/IV ovarian

carcinoma with a histologic subtype of high-grade serous

ovarian cancer at our center, underwent surgery from January
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2018 to December 2019, underwent IDS after partial response

to NACT with or without HIPEC, and had a postoperative

residual tumor size of zero (R0) or diameter for residual

tumor ≤1 cm (R1) (15). HIPEC was not a routine procedure

after ovarian cancer surgery in our center and was

administered based on the patient’s voluntary choice. Patients

who underwent IDS alone were selected from the same

treating physicians as those who underwent HIPEC. And

patients with postoperative residual tumor size >1 cm, or who

didn’t receive standard systemic chemotherapy after surgery

were excluded from the study. Ethics approval was obtained

from the ethics committee of The Affiliated Cancer Hospital

of Nanjing Medical University (approval number 2022 ke-kuai

012). Informed consent was obtained from all patients.

The NACT and adjuvant chemotherapy regimen for all

patients was platinum- and taxane-based, which is the classic

first-line regimen for ovarian cancer. The number of cycles

was 6–8 for most patients unless new progression occurred.

HIPEC using chemotherapy drugs was administered after

surgery and was combined with 1–2 courses of intraperitoneal

hyperthermic perfusion with normal saline only. Different

perfusion courses were conducted on separate days. The

intraperitoneal chemotherapy drugs used for HIPEC in our

center include cisplatin, lobaplatin, and paclitaxel, either alone

or in combination. Intraperitoneal perfusion tubes including

two inflow and two outflow catheters were inserted into the

abdominal cavity during the operation, and HIPEC with

chemotherapy was administered within one week after the

operation. Chemotherapy drugs were mixed with normal

saline and administered intraperitoneally at a temperature of

43 °C for one hour. The additional intraperitoneal

hyperthermic perfusion with only normal saline was also

administered at a temperature of 43 °C for one hour.

Intravenous chemotherapy drugs were administered

intravenously on the same day as HIPEC.

For all patients, CA-125 and HE-4 serum levels were

regularly tested before surgery and are referred to as

preoperative CA-125 and preoperative HE-4, respectively. The

tumor index was tested three weeks after the first cycle of

postoperative chemotherapy, either intravenous or HIPEC,

and before the second course of postoperative chemotherapy

and is referred to as postoperative CA-125 and postoperative

HE-4.

Postoperative complications were defined as complications

that occurred within one month after the operation and were

graded according to the Common Terminology Criteria for

Adverse Events Version 5.0.

PFS was defined as the time between surgery and the first

progression of the disease. Progression was defined as the date

of imaging or biochemical progression occurrence according

to RECIST 1.1 criteria and CA-125 criteria (16). OS was

evaluated from IDS to the date of death. The change rate of

CA-125 and HE-4 was calculated by postoperative CA-125
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divided by preoperative CA-125 and by postoperative HE-4

divided by preoperative HE-4, respectively. The survival data

were calculated using the Kaplan–Meier method, and the

survival distribution was compared using the log-rank test.

The results were adjusted for unbalanced characteristics

between the two groups by a multivariate Cox proportional

hazards regression model. Continuous variables were

compared using Student’s t test. Categorical variables were

analyzed using the chi-squared test. A P value <0.05 was

considered significant. All statistical calculations were

performed using SPSS software (version 23.0).
Results

From January 2018 to December 2019, there were 20

patients with stage IIIC/IV ovarian carcinoma with a

histologic subtype of high-grade serous ovarian cancer and

satisfactory cytoreduction surgery (R0 or R1) after NACT at

our center who underwent HIPEC. They were included in the

IDS plus HIPEC group. There were 42 patients who

underwent IDS alone, were treated by the same physicians

during the same period as the IDS plus HIPEC group, and

were included in the IDS group.

The clinical characteristics of the study population are

shown in Table 1. The average age of the patients was 52.75

years in the IDS plus HIPEC group and 57.64 years in the
Table 1 Patient characteristics.

Variable IDS +HIPEC IDS P
valuea

No. of patients 20 42

Age (years)(mean, range)b 52.75 (35–70) 57.64 (35–69) 0.036

FIGO stage- no. (%)

IIIC 18 (90%) 37 (88%) 0.825

IV 2 (10%) 5 (12%)

Tumor index

Preoperative CA-125,
mean, U/mlb

197.76
(5.63–1228.9)

313.04
(10.73–2097)

0.343

Preoperative HE-4, mean,
pmol/lb

146.14
(54.73–407.2)

198.97
(55.7–855.2)

0.387

Mean no. of cycles of
NACT-no. (%)

≤3 16 (80%) 36 (85.7%) 0.567

>3 4 (20%) 6 (14.3%)

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; IDS,

interval debulking surgery; FIGO, International Federation of Gynecology and

Obstetrics; NACT, neoadjuvant chemotherapy.
aStudent's t test was used to compare groups in age and tumor index, the Chi

square test was used to compare groups in FIGO stage, mean cycles of NACT.
bData in parentheses represent minimum and maximum of values for each

group.
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IDS group. Women in the IDS plus HIPEC group were

younger than those in the IDS group (estimated mean

difference of 4.89 years, P = 0.036). The majority of the

patients (approximately 90%) in both groups were diagnosed

with FIGO IIIC ovarian cancer, and the remaining patients

had stage IV disease. The majority of the patients received ≤3
cycles of adjuvant chemotherapy.

For women who underwent IDS plus HIPEC, HIPEC with

chemotherapeutic drugs was mostly administered within one week

after surgery. Intravenous chemotherapy was administered

primarily on the same day as HIPEC. Eleven patients underwent

HIPEC with cisplatin at a dose of approximately 75 mg/m2

combined with intravenous paclitaxel (approximately 175 mg/m2).

Three patients underwent HIPEC with paclitaxel (approximately

175 mg/m2) combined with intravenous carboplatin (AUC5-6).

One patient underwent HIPEC with lobaplatin (approximately

30 mg/m2) combined with intravenous paclitaxel (approximately

175 mg/m2). Four patients underwent HIPEC with cisplatin

(75 mg/m2) and low-dose paclitaxel (approximately 60 mg/m2)

combined with intravenous paclitaxel chemotherapy

(approximately 175 mg/m2). One patient underwent HIPEC with

lobaplatin (approximately 30 mg/m2) and low-dose paclitaxel

(approximately 60 mg/m2) combined with intravenous paclitaxel

(approximately 135 mg/m2). HIPEC with two different

chemotherapy drugs was performed on two separate days.

The median follow-up time after surgery was 30.35 months. Of

the 20 patients in the IDS plus HIPEC group, 12 had experienced

disease progression at the follow-up cutoff, and the median PFS

was 14.05 months (95% CI [3.45; 24.66]). Of the 42 patients in the

IDS group, 32 had experienced disease progression at the follow-

up cutoff, and the median PFS was 12.97 months (95% CI [7.39;

18.54]). There was no significant difference between the two

groups (P = 0.597). At the cutoff, 5 of the 20 patients in the IDS

plus HIPEC group and 12 of the 42 patients in the IDS group had

died. The median OS was not reached.

After adjustment for age between the two groups, the

differences in PFS (HR 1.22, 95% CI [0.61; 2.46], P = 0.570)

(Figure 1) and OS (HR 0.834, 95% CI [0.28; 2.48], P = 0.744)

(Figure 2) remained nonsignificant.

The average preoperative CA-125 level was 197.76 U/ml in

the IDS plus HIPEC group and 313.04 U/ml in the IDS

group. The average postoperative CA-125 level was

47.53 U/ml in the IDS plus HIPEC group and 94.70 U/ml in

the IDS group, which showed no significant difference

(P = 0.319). The average change ratio of postoperative CA-125

to preoperative CA-125 was 0.66 in the IDS plus HIPEC

group and 0.53 in the IDS group, which also showed no

significant difference (P = 0.341) (Table 2) (Figure 3).

The average preoperative HE-4 was 146.14 pmol/L in the

IDS plus HIPEC group and 198.97 pmol/L in the IDS group.

There was no significant difference in the preoperative HE-4

between the two groups (P = 0.387). There was no significant

difference in the postoperative HE-4 and HE-4 change ratios
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FIGURE 2

Overall survival adjusted for age by a multivariate Cox proportional
hazards regression model.

Table 2 CA-125 and HE-4 Serum Levels.

IDS + HIPEC IDS P valued

CA-125 (U/ml)

Preoperativea 197.76 313.04 0.343

Postoperativeb 47.53 94.70 0.319

Change ratio (post/pre)c 0.66 0.53 0.341

HE-4 (pmol/l)

Preoperativea 146.14 198.97 0.387

Postoperativeb 118.84 100.23 0.499

Change ratio (post/pre)c 0.95 0.71 0.225

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; IDS,

interval debulking surgery
aCA-125 and HE-4 tested before surgery.
bCA-125 and HE-4 tested after the first cycle of postoperative chemotherapy

either intravenously or HIPEC, and before the second course of

postoperative chemotherapy.
c“postoperative CA-125” divided by “preoperative CA-125”, “postoperative

HE-4” divided by “preoperative HE-4”.
dStudent’s t test was used to compare the two groups.

FIGURE 1

Progression-free survival adjusted for age by a multivariate Cox
proportional hazards regression model.

Lyu et al. 10.3389/fsurg.2022.997344
between the two groups (P = 0.499 and P = 0.225, respectively)

(Table 2) (Figure 3).

There were no postoperative deaths in either group. The grade 3

and 4 adverse events were mainly surgical complications and

chemical drug toxicities. The most common side effects were
Frontiers in Surgery 04
hematological, including intra-abdominal hemorrhage and

toxicities caused by chemotherapy. In the IDS plus HIPEC group,

two patients experienced gastrointestinal adverse events; one

patient experienced acute kidney injury that was associated with

the use of cisplatin; and one patient had anastomotic leakage

approximately 20 days after the operation. No significant

difference was observed in the occurrence of grade 3 and 4 adverse

events between the two groups (P = 0.201) (Table 3).
Discussion

As ovarian cancer typically spreads intraperitoneally,

intraperitoneal chemotherapy has been proposed as a therapy for

advanced ovarian cancer for years. Clinical trials, such as GOG172,

a randomized, phase 3 trial, demonstrated that intraperitoneal

chemotherapy improves survival in patients with optimally

debulked stage III ovarian cancer compared with intravenous

chemotherapy (17, 18). However, there are conflicting clinical data.

A randomized phase 3 clinical trial with 1560 participants enrolled

(GOG-252) revealed no significant increase in PFS with

intraperitoneal chemotherapy compared with intravenous

chemotherapy and that intraperitoneal chemotherapy was less

tolerated when intraperitoneal cisplatin was used (19).

Intraperitoneal chemotherapy is not recommended as a standard

of care as a first-line treatment for ovarian cancer (20).

There are few randomized clinical trials on HIPEC in the

primary treatment of ovarian cancer. Based on the results of

trials, the role of HIPEC in ovarian cancer remains debatable. Van

Driel et al. (10) conducted a multicenter, open-label, phase 3 trial

that enrolled 245 patients to investigate the function of HIPEC in

patients with stage III ovarian cancer who were undergoing NACT

and interval cytoreductive surgery. Patients were randomly
frontiersin.org

https://doi.org/10.3389/fsurg.2022.997344
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 3

Change curve of preoperative and postoperative CA-125 and HE-4 serum levels. Pre, Preoperative; Post, Postoperative; HIPEC, hyperthermic
intraperitoneal chemotherapy; IDS, interval debulking surgery.

TABLE 3 Grade 3 and 4 complications.

IDS +HIPEC (20) IDS (42) Pb

Grade 3 and 4 complicationsa 9 (45%) 12 (28.6%) 0.201

Hematological 5 11

Gastrointestinal 2 0

Abdominal infection 0 1

Acute kidney injury 1 0

Anastomotic leak 1 0

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; IDS,

interval debulking surgery.
aComplications occurred within one month after operation and were graded

according to CTCAE Version 5.0.
bChi square test was used to compare the two groups.

Lyu et al. 10.3389/fsurg.2022.997344
assigned after three cycles of NACT and interval cytoreductive

surgery. The median recurrence-free survival was longer in the

group with HIPEC than in the group without HIPEC (14.2

months vs. 10.7 months). The median OS was longer in the

HIPEC group (45.7 months vs. 33.9 months). Furthermore,

HIPEC was not found to increase the rates of side effects.

However, this trial can be criticized for several aspects (12). In a

randomized trial conducted by Lim et al. (8, 13), a survival analysis

did not show the statistical superiority of HIPEC. In patients who

received NACT, there was no significant difference in the median

PFS for the HIPEC and control groups (20 months vs. 19 months,

respectively). The median OS for the HIPEC and control groups

was similar (54 months and 51 months, respectively).

Retrospective studies also reached different conclusions on

the role of HIPEC in primary ovarian cancer. One retrospective

study (21) conducted by Ziying Lei et al. showed that primary

cytoreductive surgery with HIPEC was associated with better

long-term survival. A retrospective study (22) conducted by

Jieun Ko et al. demonstrated that consolidation HIPEC has no

specific survival benefit for patients with advanced ovarian

cancer after completion of first-line treatment. A study (23)

conducted by Jessica Jou et al. resulted in an unexpected

conclusion; the study revealed that HIPEC was associated with

an increased risk for platinum-refractory or resistant disease in
Frontiers in Surgery 05
ovarian cancer patients who underwent NACT and IDS, while

no benefit was shown in median PFS.

HIPEC is controversial not only in primary treated ovarian

cancer but also in recurrent ovarian cancer. A prospective study

(24) conducted by Spiliotis et al. resulted in a positive

conclusion but was highly criticized due to methodological

issues (8, 25). A meta-analysis of the use of HIPEC in

recurrent ovarian cancer demonstrated positive results in the

improvement of OS (26). In addition, the safety of HIPEC

repetition in recurrent ovarian cancer treatment has also been

studied, which has revealed encouraging data (27). HIPEC

combined with minimally invasive surgery for platinum-

sensitive single recurrent ovarian cancer has also been shown

to be safe and effective (28). Other studies have revealed

negative results (5). For example, a study conducted by

Glauco Baiocchi et al. showed that the addition of HIPEC to

cytoreduction surery did not improve survival in recurrent

ovarian cancer (29). However, the role of HIPEC in primary

and recurrent ovarian cancer needs further validation.

The results of our study showedamedianPFSof 14.05months

in the IDS plus HIPEC group and 12.97 months in the IDS group

(P = 0.597). There was no significant difference between the

change ratio of postoperative CA-125 to preoperative CA-125

or the ratio of postoperative HE-4 to preoperative HE-4

between the two groups. Even after adjusting for the age

differences between groups, the differences in PFS and OS

continued to lack statistical significance (P = 0.570 and 0.744,

respectively). In our study, neither the survival analysis nor the

change in tumor index showed the advantage of HIPEC in

patients who underwent IDS after NACT.

In our study, HIPEC was administered using chemotherapy

drugs, with additional intraperitoneal hyperthermic perfusion

using only normal saline. Intraperitoneal hyperthermic

perfusion with normal saline has been proven to improve

survival outcomes in pancreatic cancer without increasing the

risk of complications (30, 31). Thus, the combination of

HIPEC with chemotherapy drugs and normal saline was

thought to strengthen the antitumor effect of HIPEC.
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However, our findings did not demonstrate a significant

increase in PFS in patients who received HIPEC after IDS.

HIPEC is often administered immediately after cytoreduction

surgery (5), but some institutions administer HIPEC on days after

surgery rather than at the end of surgery (32). The intention of

cytoreduction surgery for ovarian cancer is to remove visible

lesions; thus, surgical excision is extensive, and the operation time

is long (6). In addition, cytoreduction surgery sometimes includes

gastrointestinal anastomosis. However, the safety of HIPEC after

gastrointestinal anastomosis remains uncertain (5). In our institute,

HIPEC with chemotherapy drugs is not routinely performed

immediately after surgery and is usually performed within one

week after IDS with a closed technique, as we hope to guarantee

patient safety and increase patient tolerance. However, the delay in

HIPEC at our center may affect the efficacy of HIPEC.

Chemotherapy drugs used in HIPEC in published studies

differed and contained multiple types, including cisplatin,

paclitaxel, and doxorubicin (26, 33). Cisplatin has been used

more often and is recommended in the NCCN guidelines.

Drugs used in our study included cisplatin, lobaplatin, and

paclitaxel, either alone or in combination, which was not

identical to previously reported usage (34). In fact, not only

do the types of chemotherapy drugs used in HIPEC differ in

reported articles but parameters including drug dosage, goal

temperature, and duration of perfusion also vary widely (5). A

consensus on these aspects is still lacking.

There are some limitations of our study. Most importantly,

this is a retrospective study with a small sample size, which may

make the results inaccurate. The time of HIPEC administration

and the technique and drugs used for HIPEC in our study were

not identical to those in previously reported studies. These

differences may affect the clinical results.

To date, HIPEC remains a controversial treatment for

ovarian cancer. Large clinical randomized trials are needed to

address this topic and assess the true role and benefit of

HIPEC in the treatment of ovarian cancer.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Frontiers in Surgery 06
Ethics statement

The studies involving human participants were reviewed

and approved by Ethics approval was obtained from the ethics

committee of The Affiliated Cancer Hospital of Nanjing

Medical University, approval number is 2022 ke-kuai 012.

The patients/participants provided their written informed

consent to participate in this study.
Author contributions

ML, FD and JW participated in the design of the study. ML,

JL, YS and QC performed the data management and analyses.

All authors contributed to the interpretation of the results.

ML and JL drafted the manuscript; FD and JW contributed

by revising it for important intellectual content. All authors

contributed to the article and approved the submitted version.
Funding

This study is supported by the National Natural Science

Foundation of China (81702895) and the Young Talents

Program of Jiangsu Cancer Hospital.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: gLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.
21492

2. Boussios S, Moschetta M, Karihtala P, Samartzis EP, Sheriff M, Pappas-Gogos
G, et al. Development of new poly(ADP-ribose) polymerase (PARP) inhibitors in
ovarian cancer: Quo Vadis? Ann Transl Med. (2020) 8:1706. doi: 10.21037/atm.
2020.03.156
3. Moschetta M, Boussios S, Rassy E, Samartzis EP, Funingana G, Uccello M.
Neoadjuvant treatment for newly diagnosed advanced ovarian cancer: where do
we stand and where are we going? Ann Transl Med. (2020) 8:1710. doi: 10.
21037/atm-20-1683

4. Kehoe S, Hook J, Nankivell M, Jayson GC, Kitchener H, Lopes T, et al.
Primary chemotherapy versus primary surgery for newly diagnosed advanced
ovarian cancer (CHORUS): an open-label, randomised, controlled, non-
inferiority trial. Lancet. (2015) 386:249–57. doi: 10.1016/s0140-6736(14)62223-6
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.21037/atm.2020.03.156
https://doi.org/10.21037/atm.2020.03.156
https://doi.org/10.21037/atm-20-1683
https://doi.org/10.21037/atm-20-1683
https://doi.org/10.1016/s0140-6736(14)62223-6
https://doi.org/10.3389/fsurg.2022.997344
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Lyu et al. 10.3389/fsurg.2022.997344
5. Mishra M, Singh N, Ghatage P. Past, present, and future of hyperthermic
intraperitoneal chemotherapy (HIPEC) in ovarian cancer. Cureus. (2021) 13:
e15563. doi: 10.7759/cureus.15563

6. Kim S, Kim J. Role of surgery and hyperthermic intraperitoneal
chemotherapy in ovarian cancer. ESMO Open. (2021) 6:100149. doi: 10.1016/j.
esmoop.2021.100149

7. Flood M, Narasimhan V, Waters P, Ramsay R, Michael M, Warrier S, et al.
Survival after cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy for colorectal peritoneal metastases: a systematic review and
discussion of latest controversies. Surgeon. (2020) 19:310–20. doi: 10.1016/j.
surge.2020.08.016

8. Spiliotis J, Prodromidou A. Narrative review of hyperthermic intraperitoneal
chemotherapy (HIPEC) in patients with advanced ovarian cancer: a critical
reappraisal of the current evidence. J Gastrointest Oncol. (2021) 12:S182–8.
doi: 10.21037/jgo-20-130

9. Kim SI, Cho J, Lee EJ, Park S, Park SJ, Seol A, et al. Selection of patients with
ovarian cancer who may show survival benefit from hyperthermic intraperitoneal
chemotherapy: a systematic review and meta-analysis.Medicine. (2019) 98:e18355.
doi: 10.1097/md.0000000000018355

10. van Driel WJ, Koole SN, Sikorska K, Schagen van Leeuwen JH, Schreuder
HWR, Hermans RHM, et al. Hyperthermic intraperitoneal chemotherapy in
ovarian cancer. N Engl J Med. (2018) 378:230–40. doi: 10.1056/NEJMoa1708618

11. Spiliotis J, Halkia E, Lianos E, Kalantzi N, Grivas A, Efstathiou E, et al.
Cytoreductive surgery and HIPEC in recurrent epithelial ovarian cancer: a
prospective randomized phase III study. Ann Surg Oncol. (2015) 22:1570–5.
doi: 10.1245/s10434-014-4157-9

12. Vergote I, Harter P, Chiva L. Hyperthermic intraperitoneal chemotherapy
does not improve survival in advanced ovarian cancer. Cancer. (2019) 125
(Suppl 24):4594–7. doi: 10.1002/cncr.32496

13. Lim MC, Chang SJ, Yoo HJ, Nam BH, Park SY. Randomized trial of
hyperthermic intraperitoneal chemotherapy (HIPEC) in women with primary
advanced peritoneal, ovarian, and tubal cancer. J Clin Oncol. (2017)
35:5520–5520. doi: 10.1200/JCO.2017.35.15_suppl.5520

14. Chiva L, Gonzalez-Martin A. A critical appraisal of hyperthermic
intraperitoneal chemotherapy (HIPEC) in the treatment of advanced and
recurrent ovarian cancer. Gynecol Oncol. (2015) 136:130–5. doi: 10.1016/j.ygyno.
2014.11.072

15. Alcázar J, Caparros M, Arraiza M, Mínguez J, Guerriero S, Chiva L, et al.
Pre-operative assessment of intra-abdominal disease spread in epithelial ovarian
cancer: a comparative study between ultrasound and computed tomography. Int
J Gynecol Cancer. (2019) 29:227–33. doi: 10.1136/ijgc-2018-000066

16. Rustin G, Vergote I, Eisenhauer E, Pujade-Lauraine E, Quinn M, Thigpen T,
et al. Definitions for response and progression in ovarian cancer clinical trials
incorporating RECIST 1.1 and CA 125 agreed by the gynecological cancer
intergroup (GCIG). Int J Gynecol Cancer. (2011) 21:419–23. doi: 10.1097/IGC.
0b013e3182070f17

17. Armstrong DK, Bundy B, Wenzel L, Huang HQ, Baergen R, Lele S, et al.
Intraperitoneal cisplatin and paclitaxel in ovarian cancer. N Engl J Med. (2006)
354:34–43. doi: 10.1056/NEJMoa052985

18. Landrum LM, Java J, Mathews CA, Lanneau Jr. GS, Copeland LJ, Armstrong
DK, et al. Prognostic factors for stage III epithelial ovarian cancer treated with
intraperitoneal chemotherapy: a gynecologic oncology group study. Gynecol
Oncol. (2013) 130:12–8. doi: 10.1016/j.ygyno.2013.04.001

19. Walker J, Brady M, Wenzel L, Fleming G, Huang H, DiSilvestro P, et al.
Randomized trial of intravenous versus intraperitoneal chemotherapy plus
bevacizumab in advanced ovarian carcinoma: an NRG oncology/gynecologic
oncology group study. J Clin Oncol. (2019) 37:1380–90. doi: 10.1200/jco.18.01568
Frontiers in Surgery 07
20. Colombo N, Sessa C, du Bois A, Ledermann J, McCluggage W, McNeish I,
et al. ESMO-ESGO consensus conference recommendations on ovarian cancer:
pathology and molecular biology, early and advanced stages, borderline
tumours and recurrent disease. Ann Oncol. (2019) 30:672–705. doi: 10.1093/
annonc/mdz062

21. Lei Z, Wang Y, Wang J, Wang K, Tian J, Zhao Y, et al. Evaluation of
cytoreductive surgery with or without hyperthermic intraperitoneal
chemotherapy for stage III epithelial ovarian cancer. JAMA Netw Open. (2020)
3:e2013940. doi: 10.1001/jamanetworkopen.2020.13940

22. Ko J, Ha H, Choi M, Jung S, Park H, Joo W, et al. Hyperthermic
intraperitoneal chemotherapy as consolidation treatment of advanced stage
ovarian cancer. Obstet Gynecol Sci. (2021) 64:437–43. doi: 10.5468/ogs.21093

23. Jou J, Zimmer Z, Charo L, Yau C, Saenz C, Eskander R, et al. HIPEC After
neoadjuvant chemotherapy and interval debulking is associated with development
of platinum-refractory or -resistant disease. Gynecol Oncol. (2021) 161:25–33.
doi: 10.1016/j.ygyno.2020.11.035

24. Spiliotis J, Vaxevanidou A, Sergouniotis F, Lambropoulou E, Datsis A,
Christopoulou A. The role of cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy in the management of recurrent advanced ovarian
cancer: a prospective study. J BUON. (2011) 16:74–9.

25. Batista T. Comment on: surgery and HIPEC in recurrent epithelial ovarian
cancer: a prospective randomized phase III study. Ann Surg Oncol. (2017) 24:630.
doi: 10.1245/s10434-017-6151-5

26. Cianci S, Riemma G, Ronsini C, De Franciscis P, Torella M, Schiattarella A,
et al. Hyperthermic intraperitoneal chemotherapy (HIPEC) for ovarian cancer
recurrence: systematic review and meta-analysis. Gland Surg. (2020) 9:1140–8.
doi: 10.21037/gs-20-335

27. Cianci S, Ronsini C, Vizzielli G, Tropea A, Biondi A, Scambia G, et al.
Cytoreductive surgery followed by HIPEC repetition for secondary ovarian
cancer recurrence. Updates Surg. (2019) 71:389–94. doi: 10.1007/s13304-018-
0600-y

28. Fagotti A, Costantini B, Gallotta V, Cianci S, Ronsini C, Petrillo M, et al.
Minimally invasive secondary cytoreduction plus HIPEC versus open surgery
plus HIPEC in isolated relapse from ovarian cancer: a retrospective cohort
study on perioperative outcomes. J Minim Invasive Gynecol. (2015) 22:428–32.
doi: 10.1016/j.jmig.2014.11.008

29. Baiocchi G, Ferreira F, Mantoan H, da Costa A, Faloppa C, Kumagai L, et al.
Hyperthermic intraperitoneal chemotherapy after secondary cytoreduction in
epithelial ovarian cancer: a single-center comparative analysis. Ann Surg Oncol.
(2016) 23:1294–301. doi: 10.1245/s10434-015-4991-4

30. Feng F, Cao X, Liu X, Qin J, Zhang S, Li Q, et al. The effect of
pancreatoduodenectomy plus intraperitoneal hyperthermic perfusion on
resectable pancreatic head cancer: cohort study. Ann Surg Oncol. (2021)
28:2337–45. doi: 10.1245/s10434-020-09095-0

31. Yamamoto K, Shimada S, Hirota M, Yagi Y, Matsuda M, Baba H. EIPL
(Extensive intraoperative peritoneal lavage) therapy significantly reduces
peritoneal recurrence after pancreatectomy in patients with pancreatic cancer.
Int J Oncol. (2005) 27:1321–8. doi: 10.3892/ijo.27.5.1321

32. He X, Wei L, Li R, Jing S, Jia L, Ji D, et al. Dense hyperthermic
intraperitoneal chemotherapy with cisplatin in patients with stage III serous
epithelial ovarian cancer: a retrospective study. BMC Cancer. (2021) 21:738.
doi: 10.1186/s12885-021-08507-y

33. Medina-Castro JM, Ruiz-DeLeón A. Role of hyperthermic intraperitoneal
chemotherapy in ovarian cancer. Chin Clin Oncol. (2020) 9:44. doi: 10.21037/
cco-20-49

34. Spiliotis J. Hyperthermic intraperitoneal chemotherapy in ovarian cancer:
Qui Bono? Ann Transl Med. (2020) 8:1708. doi: 10.21037/atm-20-1486
frontiersin.org

https://doi.org/10.7759/cureus.15563
https://doi.org/10.1016/j.esmoop.2021.100149
https://doi.org/10.1016/j.esmoop.2021.100149
https://doi.org/10.1016/j.surge.2020.08.016
https://doi.org/10.1016/j.surge.2020.08.016
https://doi.org/10.21037/jgo-20-130
https://doi.org/10.1097/md.0000000000018355
https://doi.org/10.1056/NEJMoa1708618
https://doi.org/10.1245/s10434-014-4157-9
https://doi.org/10.1002/cncr.32496
https://doi.org/10.1200/JCO.2017.35.15_suppl.5520
https://doi.org/10.1016/j.ygyno.2014.11.072
https://doi.org/10.1016/j.ygyno.2014.11.072
https://doi.org/10.1136/ijgc-2018-000066
https://doi.org/10.1097/IGC.0b013e3182070f17
https://doi.org/10.1097/IGC.0b013e3182070f17
https://doi.org/10.1056/NEJMoa052985
https://doi.org/10.1016/j.ygyno.2013.04.001
https://doi.org/10.1200/jco.18.01568
https://doi.org/10.1093/annonc/mdz062
https://doi.org/10.1093/annonc/mdz062
https://doi.org/10.1001/jamanetworkopen.2020.13940
https://doi.org/10.5468/ogs.21093
https://doi.org/10.1016/j.ygyno.2020.11.035
https://doi.org/10.1245/s10434-017-6151-5
https://doi.org/10.21037/gs-20-335
https://doi.org/10.1007/s13304-018-0600-y
https://doi.org/10.1007/s13304-018-0600-y
https://doi.org/10.1016/j.jmig.2014.11.008
https://doi.org/10.1245/s10434-015-4991-4
https://doi.org/10.1245/s10434-020-09095-0
https://doi.org/10.3892/ijo.27.5.1321
https://doi.org/10.1186/s12885-021-08507-y
https://doi.org/10.21037/cco-20-49
https://doi.org/10.21037/cco-20-49
https://doi.org/10.21037/atm-20-1486
https://doi.org/10.3389/fsurg.2022.997344
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	No obvious advantage of hyperthermic intraperitoneal chemotherapy after interval debulking surgery in the treatment of advanced ovarian cancer: A retrospective study
	Introduction
	Patients and methods
	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


