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Background and Objective: Epithelial ovarian cancer remains the gynecologic malignancy with the 
highest mortality rate. Given the nature of the disease along with its non-specific symptoms, most cases 
present in advanced stages with widespread peritoneal carcinomatosis. Surgical cytoreduction with maximal 
surgical effort combined with cytotoxic chemotherapy remains the standard of care. Despite this optimal 
management, most women will recur and ultimately succumb to their disease. This narrative review 
article aims to discuss the incidence, prevalence, and demographics of ovarian peritoneal carcinomatosis, 
to summarize the historical context of treatment and describe advances in the care of ovarian peritoneal 
carcinomatosis.
Methods: Electronic databases including PubMed, Embase, MEDLINE, and the Cochrane Library 
were searched; English language studies meeting criteria, regardless of year of publication, were included. 
Additionally, reference sections in selected studies were searched to locate relevant papers.
Key Content and Findings: The treatment of ovarian cancer peritoneal carcinomatosis has undergone 
a significant evolution over the last two decades with the emergence of new data that address timing of 
surgery and chemotherapy, the selection of chemotherapy agents, and route of administration. The roles of 
hyperthermic intraperitoneal chemotherapy (HIPEC) and intraperitoneal chemotherapy in the treatment of 
ovarian cancer peritoneal carcinomatosis have also transformed with landmark clinical trials in recent years. 
In addition, the emergence of poly (ADP-ribose) polymerase (PARP) inhibitors and antiangiogenic agents 
has opened new avenues for targeted treatment, especially in certain subsets of ovarian cancer peritoneal 
carcinomatosis patients. Evidence guiding treatment for rarer subtypes of ovarian cancer, especially the 
mucinous subtype which closely resembles gastrointestinal (GI) malignancies, remains scant.
Conclusions: We review advances in ovarian cancer peritoneal carcinomatosis management as well 
as the limitations of current practice in treatment of this disease. Surgical cytoreduction paired with 
chemotherapy remains the standard of care for ovarian cancer peritoneal carcinomatosis. Despite advances 
in the understanding of surgical and chemotherapy treatment and timing, much work remains to reduce 
the mortality rate from ovarian cancer peritoneal carcinomatosis. Future research should target not just 
new treatment modalities, but also determining therapies for subsets of patients with rarer ovarian cancer 
subtypes.

Keywords: Ovarian cancer; peritoneal; carcinomatosis; treatment; hyperthermic intraperitoneal chemotherapy 

(HIPEC)

Received: 01 February 2022; Accepted: 21 September 2022; Published: 30 September 2022.

doi: 10.21037/dmr-22-13

View this article at: https://dx.doi.org/10.21037/dmr-22-13

18

https://crossmark.crossref.org/dialog/?doi=10.21037/dmr-22-13


Digestive Medicine Research, 2022Page 2 of 18

© Digestive Medicine Research. All rights reserved. Dig Med Res 2022;5:43 | https://dx.doi.org/10.21037/dmr-22-13

Introduction

Incidence, prevalence, and demographics of ovarian cancer 
peritoneal carcinomatosis

Ovarian cancer is the most lethal gynecologic cancer in the 
United States with over 19,800 new cases and 12,800 deaths 
estimated to occur in 2022 (1). Globally, ovarian cancer had 
an incidence of 313,000 cases in 2020 with 207,000 deaths 
resulting from the disease (Figure 1) (2-5). It also ranks 
among the most lethal cancers in Russia, Canada, northern 
Europe, Britain, and New Zealand. The estimated incidence 
in the United States is 1 in 70. Incidence rates are higher in 
North America and most industrialized European countries 
whereas the disease is less common in Asia and Africa. Japan 
for example, sees among the lowest recorded rates in ovarian 
cancer with an incidence of almost 1 in 1,000 (2). While no 
clear causative factors are identified in the majority of cases, 
factors such as infrequent ovulation, parity, breastfeeding, 
and use of combination oral contraception have been shown 
in epidemiological studies to reduce the risk of ovarian 
cancer. In addition, the discovery of hereditary causes 
among subsets of ovarian cancer patients, such as mutations 
in the BRCA1 and BRCA2 genes, has helped identify genetic 
causes in up to 25% (6) of all cases as well as elucidate that 
a significant portion of ovarian cancers originate in the 
fallopian tube.

Epithelial ovarian cancers fall into four main histologic 
subtypes: serous (high grade and low grade), endometrioid, 
clear cell,  and mucinous. Other subtypes, such as 
carcinosarcoma, malignant Brenner tumor, and mixed 
histologies, also exist and are less common. Advanced 
epithelial ovarian cancers follow a specific pattern of 
spread. Metastatic cancer cells can disseminate throughout 
the peritoneal cavity, attaching to the mesothelium and 
organ surfaces within the peritoneal cavity before specific 
symptoms arise (7). Of note, increasing evidence in 
recent years has demonstrated that many ovarian cancers, 
specifically the high-grade serous subtype, actually originate 
in the fimbria of the fallopian tube (8,9). Histologically 
however, ovarian, fallopian tube, and primary peritoneal 
cancers are equivalent and are treated the same; for the 
purposes of this review, we will refer to these collectively 
as ovarian cancer. At the time of diagnosis, patients often 
have omental and peritoneal carcinomatosis (Figure 2). The 
non-specific symptoms associated with this cancer, such as 
bloating, early satiety, and pelvic/abdominal discomfort, also 
contribute to the fact that the majority of ovarian cancers 
are discovered in advanced stages [51% at International 

Federation of Gynecology and Obstetrics (FIGO) stage III 
and 29% in FIGO stage IV] (4). Ultrasound and computed 
tomography (CT) imaging are used in combination with 
serum CA-125 (MUC16) level measurement to characterize 
a suspicious pelvic mass once discovered; however, no 
effective tools or methodologies exist to screen for ovarian 
cancer. While most patients will have a complete clinical 
response following initial treatment, unfortunately 
approximately 80% will experience recurrence of the 
disease, which ultimately proves to be fatal in most cases. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dmr.amegroups.com/article/view/10.21037/dmr-22-13/rc).

Objectives

This review summarizes the historical context and 
current knowledge regarding the upfront treatment and 
management of peritoneal carcinomatosis arising from 
ovarian cancer. Peritoneal carcinomatosis arising from a 
rarer subtype, mucinous ovarian cancer, deserves special 
mention in this review given the response to treatment 
mimics that of gastrointestinal (GI) malignancies and will 
therefore be discussed separately.

Methods

Literature search of PubMed, MEDLINE, Embase and 
the Cochrane Library were performed in November 2021 
on topics relating to diagnosis, surgical management of 
advanced ovarian cancer, hyperthermic intraperitoneal 
chemotherapy (HIPEC), intravenous and intraperitoneal 
chemotherapy treatment of ovarian cancers, mucinous and 
epithelial ovarian cancer. Furthermore, reference sections 
in selected studies were searched manually to locate any 
additional relevant papers. Literature search was limited 
to English-language publications. Case reports, meeting 
abstracts were excluded. See Table 1.

Discussion

Upfront treatment of ovarian cancer peritoneal 
carcinomatosis

The mainstay of treatment for peritoneal carcinomatosis 
arising from ovarian cancer is surgical resection of all 
macroscopic disease combined with platinum-based 
chemotherapy. The impact of chemotherapy on the survival 

https://dmr.amegroups.com/article/view/10.21037/dmr-22-13/rc
https://dmr.amegroups.com/article/view/10.21037/dmr-22-13/rc
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of advanced stage ovarian cancer patients is significant; 
however, maximal effort with cytoreductive surgery to 
minimize residual disease has been shown to be similarly 
important.

History of surgical management in the primary setting

Primary cytoreductive surgery followed by adjuvant 
chemotherapy is the preferred initial approach for 
advanced-stage ovarian cancers when feasible. Several 
retrospective studies in the 1980’s established the role 
of primary cytoreductive surgery followed by platinum-
based chemotherapy as standard of care for treatment 
of advanced ovarian cancer. Surgical resection typically 
consists of total abdominal hysterectomy, bilateral salpingo-
oophorectomy, infracolic and infragastric omentectomy, 
and cytoreduction of any visible or palpable tumor deposits. 
Omental involvement is often substantial and can frequently 
approach the splenic hilum and distal pancreas however less 
commonly invades these sites. Similarly, pelvic involvement 
is frequently extensive with obliteration of the posterior 
cul-de-sac and vesicouterine space, however the pelvic 
tumor can almost always be cleared due to preservation 
of the retroperitoneal space. The entire abdominal cavity, 
including all organ and peritoneal surfaces, should be 
meticulously and systematically inspected. In clinically 
early-stage ovarian cancers, pelvic and para-aortic 

Global (2020) United States (2020)

lncidence 313,959 21,750

Deaths 207,252 13,940

5-year prevalence 823,315 233,565 (2019)
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Figure 2 Ovarian cancer originates in the ovary or fallopian 
tube. Early in the process, there is exfoliation of cancer cells from 
the primary site with metastasis within the peritoneal cavity to 
peritoneal and organ surfaces.

Figure 1 Ovarian cancer demographics and statistics.
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lymphadenectomy is routinely performed for staging 
purposes. Additionally, if any of these lymph nodes appear 
grossly enlarged intra-operatively or on imaging, lymph 
node sampling may be performed regardless of stage (10). 
A recent randomized controlled trial evaluating the role 
of routine lymphadenectomy in advanced ovarian cancer 
demonstrated that systematic lymphadenectomy does not 
confer a survival benefit and may increase postoperative 
complications (10). Given the importance of removing 
all gross disease, surgical cytoreduction may additionally 
necessitate small and/or large bowel resection, pelvic and 
abdominal peritonectomy, diaphragm peritonectomy or 
resection, liver resection, and/or splenectomy (11).

Cancer stage and the remaining volume of disease 
following cytoreductive surgery are the strongest predictive 
factors for progression-free survival and overall survival. 
The best outcomes are noted with maximal surgical effort 
when all macroscopic disease can be either completely 
resected or ‘optimal’ cytoreduction, where the maximal 
tumor dimension is less than one cm. The inverse 
relationship between the size of residual disease and overall 
survival in ovarian cancer was first described by Griffiths 
in 1975 (12) and then further demonstrated in several 
studies since then (13-16). The median survival in ovarian 
cancer studies more than doubled from 17 to 39 months 
following successful cytoreductive surgical efforts (17). 
The experience of the surgeon and volume of cases treated 
both play an important role in the success of cytoreductive 
efforts. In North America, patients treated by gynecologic 
oncologists at high volume surgical centers have been 
shown to have better survival outcomes than general 
gynecologists or general surgeons (18-20).

The Gynecologic Oncology Group (GOG) (21) 
demonstrated that survival is significantly longer when 
the maximal diameter of residual tumor is less than 
one cm, which has led to the current definition of 1 cm 
tumor width as ‘optimal’ cytoreduction. ‘Suboptimal’ 
cytoreductive surgery, defined as residual tumor greater 
than 1 cm in the upfront setting, does not confer any 
survival benefit to the patient relative to chemotherapy 
alone, but comes with added post-operative morbidity 
and delay of initiating adjuvant chemotherapy. For this 
reason, there has been a shift over the past decade to using 
neoadjuvant chemotherapy in patients for whom a primary 
optimal cytoreduction is not feasible, with consideration 
of an interval cytoreduction depending on response to 
chemotherapy. How much residual tumor following 
cytoreductive surgery is acceptable without compromising 
patient outcomes has been the subject of much research. 
The definition of ‘suboptimal’ has evolved over the past 
two decades. Historically, residual tumor size greater than 
2 cm was used as the definition of suboptimal. Bristow 
published a meta-analysis in 2002 based on 81 studies, 
demonstrating that for every 10% increase in proportion of 
patients undergoing optimal cytoreduction, median survival 
improved by 5–6% (22). The best outcomes were reported 
in those with cytoreduction to no visible residual disease. 
There was no difference in 5-year survival for patients 
having unresectable tumor and surgery that left residual 
tumor with a maximal diameter of up to two cm. The 
current definition of ‘optimal’ arose following an intergroup 
study in which patients with a maximal tumor of 1 cm or 
less following cytoreduction and adjuvant platinum/taxane 
chemotherapy had a progression-free survival and overall 

Table 1 Search strategy summary

Items Specifications

Date of search November 15, 2021

Databases and other sources searched PubMed, MEDLINE, Embase and the Cochrane Library

Search terms used Ovarian cancer, peritoneal, carcinomatosis, treatment, HIPEC

Timeframe All articles up to November 15, 2021

Inclusion and exclusion criteria Language: English language articles were included

Study type: original research, reviews were included

Case reports, meeting abstracts were excluded

Selection process All authors conducted selection

HIPEC, hyperthermic intraperitoneal chemotherapy.
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survival of 22 and 52 months respectively. In contrast, for 
those with residual tumor greater than one cm, progression-
free survival and overall survival were 14 and 26 months 
respectively (23). Many attempts have been made to develop 
predictive criteria and algorithms for the identification of 
patients for whom primary surgery is unlikely to result in an 
optimal cytoreduction though no universal guidelines exist 
in making this determination. Preoperative imaging and 
laparoscopic surgery have been utilized to identify patients 
for whom surgery is likely to succeed in removing all 
macroscopic disease. An initial diagnostic laparoscopy may 
be used to make this determination in surgically appropriate 
candidates with some trials demonstrating its utility in 
reducing futile laparotomy and attempted cytoreduction 
(24-26). Scoring systems have also been proposed that aim 
to predict suitability for optimal cytoreduction (27,28). 
The Fagotti score takes into account the presence of 
carcinomatosis involving the peritoneum, diaphragm, 
mesentery, bowel, stomach, and liver. Involvement of four 
or more of these targets was reported to have a positive 
predictive value of 100% in predicting unsuccessful optimal 
tumor resection (27). In addition, poor performance status 
can determine if a patient will tolerate surgery. A low serum 
albumin level is often predictive of nutrition status and 
ultimately, a patient’s risk of post-operative morbidity and 
mortality (29).

Advances in surgical management

Exploratory laparotomy via midline incision remains the 
standard of care for all cytoreductive procedures in ovarian 
cancer. The goal of cytoreductive surgery remains to 
leave no visible residual disease. If this is not feasible, the 
definition of an ‘optimal’ cytoreduction remains surgery 
with residual tumor of largest maximal dimension of  
1 cm. This determination is done at the conclusion of 
the case and remains subjective in nature. The impact 
that degree of cytoreduction has on survival has been 
demonstrated in several studies. A 2011 Cochrane review 
looking at 11 retrospective studies of primary surgical 
management of advanced ovarian cancer showed that 
survival was notably improved with complete resection of 
all tumors (no visible residual disease) compared to optimal 
cytoreduction—[hazard ratio (HR), 2.20; 95% confidence 
interval (CI): 1.90–2.54]. When complete resection is not 
possible, optimal cytoreduction (≤1 cm residual tumor) 
still had favorable implications for prognosis compared to 
suboptimal cytoreduction (>1 cm)—(HR, 1.36; 95% CI: 

1.10–1.68) (30).
Minimally invasive techniques, however, are under active 

investigation given the lower risk of perioperative morbidity, 
shorter hospital stays, and quicker recovery times seen in 
other cancer types (31,32). The diffuse pattern of peritoneal 
spread in ovarian cancer makes it particularly challenging 
for minimally invasive cytoreductive approaches. Minimally 
invasive approaches have not yet been prospectively 
validated in ovarian cancer. No randomized controlled 
trial data exists examining minimally invasive surgery in 
ovarian cancer. Observational studies have shown a high 
rate of optimal cytoreduction with excellent perioperative 
outcomes and progression-free survival among women 
undergoing minimally invasive interval cytoreduction 
after neoadjuvant chemotherapy (33-35). A randomized 
trial to assess a minimally invasive approach in this 
setting is ongoing with the Laparoscopic Cytoreduction 
After Neoadjuvant Chemotherapy trial, (LANCE trial, 
NCT04575935), investigating laparotomy vs. laparoscopy for 
interval cytoreduction in advanced ovarian cancer patients 
who have undergone neoadjuvant chemotherapy (36).

Another area of active investigation is the role of 
imaging-based methods to improve detection of tumors 
at the time of surgery. For example, one newer imaging 
technique studied in folate receptor positive ovarian cancer 
has recently been approved for use. In a randomized, multi-
center study of women with ovarian cancer undergoing 
cytoreductive surgery, the use of pafolacianine sodium 
injection under near-infrared fluorescence imaging during 
surgery led to at least one additional cancerous lesion being 
detected intra-operatively that was not observed by standard 
visual or tactile inspection (37). This approach presents 
new possibilities in recognizing all gross disease, both with 
traditional laparotomy and minimally invasive approaches. 
The hope is that this may allow for less residual disease, 
which may ultimately improve survival, though these 
endpoints are still being investigated.

History of medical management in the primary setting

The use of chemotherapy in ovarian cancer has made 
significant advances in the last three decades. In the 1970’s, 
alkylating agents such as cyclophosphamide and melphalan 
were the primary chemotherapy drugs used with median 
survival rates of 10 to 18 months. Platinum chemotherapy 
agents beginning with cisplatin debuted in the late 1970’s (38)  
and exerted their effect via cross-linking with DNA. 
Platinum compounds increased response rates from 20–
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60% with previous regimens to 50% to 80% along with an 
increase in median survival rates.

Combination chemotherapy regimens were introduced 
in the 1980’s with the standard of care regimen initially 
evolving from CAP (cyclophosphamide, doxorubicin, and 
cisplatin) (39) to CP (cyclophosphamide and cisplatin) (40).  
The introduction of paclitaxel in 1993 would prove to 
be another major milestone in the treatment of ovarian 
cancer. Taxanes such as paclitaxel and docetaxel exert their 
effects via stabilization of microtubules thereby preventing 
disassembly. The GOG 111 trial and the Canadian-
European trial OV-10 both showed paclitaxel-cisplatin 
had significantly improved response rates compared to 
cyclophosphamide-cisplatin which was the standard at the 
time (41,42). When used in combination with platinum 
chemotherapy agents as first line chemotherapy treatments, 
the doublet combination produced a response in over 80% 
of patients. Carboplatin was noted to be as effective as 
cisplatin in combination with paclitaxel but better tolerated, 
resulting in its modern use as a first line agent in ovarian 
cancer (43).

For the past two decades, the standard of care for 
chemotherapy treatment has been platinum and paclitaxel 
doublet therapy (43,44). The National Comprehensive 
Cancer Network (NCCN) guidelines recommend 
carboplatin and paclitaxel as first line treatment for ovarian 
cancer peritoneal carcinomatosis (44). The preferred 
selection, dosing, and timing of these cytotoxic agents have 
been extensively studied and have subsequently undergone 
several iterations. Furthermore, while doublet therapy 
offers significant improvements over monotherapy, the 
utilization of more than two drugs [carboplatin and paclitaxel 
with the addition of: (I) gemcitabine, (II) PEGylated 
liposomal doxorubicin, or (III) topotecan] was not shown to 
improve outcomes in the ICON5 trial (45). A weekly dose-
dense chemotherapy regimen with carboplatin at a dose of 
area under the curve (AUC) 6 every 3 weeks with weekly 
paclitaxel 80 mg/m2 was explored in a Japanese GOG phase 
III trial (46) with improvement in overall and progression-
free survival in the dose-dense paclitaxel arm. These 
findings were not replicated however in the subsequent 
ICON8 study in which weekly dose-dense carboplatin/
paclitaxel treatment did not significantly improve 
progression-free survival compared with the standard 
regimen administered every 3 weeks. (47). For this reason, 
especially in light of the increased logistical complexity 
and quality-of-life implications associated with a weekly 
regimen, many providers currently administer carboplatin 

and paclitaxel every 3 weeks rather than in a dose-dense 
fashion.

Neoadjuvant chemotherapy

The timing of surgery and chemotherapy has undergone a 
significant evolution in the last decade. Since 2010, several 
prospective randomized controlled trials have explored 
neoadjuvant chemotherapy treatment followed by interval 
cytoreductive surgery and post-operative chemotherapy vs. 
primary cytoreductive surgery with adjuvant chemotherapy 
in patients with advanced stage disease. The EORTC 
55971 trial (48) randomized patients with FIGO stage 
IIIC (defined as peritoneal metastases 2 cm or larger) or 
higher ovarian cancers to primary cytoreductive surgery 
followed by adjuvant platinum-based chemotherapy or to 
neoadjuvant platinum-based chemotherapy followed by 
interval cytoreduction. The study showed that neoadjuvant 
chemotherapy with interval cytoreduction was non-inferior 
to primary surgery followed by adjuvant chemotherapy for 
survival. It is worth noting, however, that postoperative 
complication rates were lower in the neoadjuvant group. In 
both groups, complete resection of all visible disease was the 
most important independent variable in predicting patient 
outcomes. Two critiques of the EORTC 55971 trial include 
the lower progression-free survival and overall survival 
(29–30 months) when compared to outcomes in trials in 
the United States during the same period (50 months) 
(49,50) Additionally, the trial had lower rates of optimal 
cytoreductive surgery rates.

Additional prospective randomized controlled trials have 
been published since evaluating patients with FIGO stage 
III or higher ovarian cancer randomized to neoadjuvant 
chemotherapy vs. primary cytoreductive surgery (51-53). In 
general, these studies have generated evidence supporting 
non-inferior survival outcomes for the neoadjuvant 
approach compared with primary surgery (48,53,54) as 
well as shorter operating times, shorter hospitalization 
lengths of stay, and reduced short-term post-operative 
complications. In addition, most of these trials showed a 
higher likelihood of removal of all macroscopic disease or 
optimal cytoreduction. Ideal patient selection for primary 
surgery has been evaluated and various algorithms have 
been proposed (27,28,55,56), however this decision-making 
remains a challenge. A meta-analysis pooling data from the 
EORTC 55971 and CHORUS trials found that patients 
with stage IIIC disease (defined as peritoneal metastases 
greater than 2 cm) and extrapelvic metastases less than  
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5 cm had improved progression-free survival with primary 
cytoreduction rather than neoadjuvant chemotherapy, 
whereas stage IV patients (those with positive pleural 
cytology or distant metastases outside the peritoneal cavity 
or involving splenic or liver parenchyma) showed improved 
survival with the neoadjuvant approach compared with 
primary surgery (57). The timing of primary vs. interval 
cytoreductive surgery in this population continues to be 
the subject of investigation (58). At this point, given the 
complexity of disease-related and patient-related factors 
in advanced ovarian cancer, the decision about surgical 
timing in patients with carcinomatosis due to ovarian cancer 
should be individualized and made in conjunction with a 
gynecologic oncologist.

Advances in medical management

Several exciting advances in recent years have resulted in 
a paradigm shift in initial and maintenance therapies for 
ovarian cancer outside the traditional model of surgery 
and cytotoxic chemotherapies. Historically, maintenance 
treatment was not used after initial chemotherapy. The 
GOG 178 trial investigated the role of continuing paclitaxel 
maintenance therapy in women with stage III and IV 
ovarian cancer patients following a complete response to 
initial carboplatin/paclitaxel therapy (59). Patients were 
randomized to 3 vs. 12 cycles of additional paclitaxel. 
Patients receiving 12 paclitaxel cycles had a significantly 
longer progression-free survival though an overall survival 
benefit was not observed. Additionally, increasing cycles of 
paclitaxel resulted in higher rates of grade 2 or 3 peripheral 
neuropathy. The standard of care did not change as a result 
of this trial due in part to limited generalizability.

More recent studies have evaluated non-cytotoxic 
therapies for maintenance. GOG 218 was a phase III trial 
which explored the use of carboplatin/paclitaxel with 
concurrent and maintenance bevacizumab (60); the study 
demonstrated a 4-month progression-free survival benefit 
compared to standard treatment (carboplatin and paclitaxel 
without maintenance) which led to its approval by the 
U.S. Food and Drug Administration (FDA) for upfront 
treatment in stage III and IV ovarian cancer. Several studies 
since then have demonstrated only a modest benefit in 
progression-free and no overall survival benefit except in an 
exploratory analysis among stage IV patients in one study (in 
the ICON7 trial) (61) with the use of bevacizumab (62-64). 
There has been a more consistent benefit seen in patients 
with stage IV disease, those with suboptimal cytoreductions, 

and patients with stage III disease that is considered to be 
inoperable.

In 2018, the FDA approved the use of olaparib, a poly 
(ADP-ribose) polymerase (PARP) inhibitor, for frontline 
maintenance treatment in ovarian cancer patients with 
BRCA1/BRCA2 mutations after several approvals for 
PARP inhibitors in the recurrent setting (65). In 2020, 
this drug was also approved for use in combination with 
bevacizumab for front-line maintenance in patients 
with homologous recombination deficient tumors (66). 
Niraparib, another PARP inhibitor, is now also approved as 
front-line maintenance therapy in all patients with advanced 
epithelial ovarian cancer following a complete or partial 
response to platinum chemotherapy (67). Despite this broad 
approval, its most significant benefit remains in women 
with homologous recombination repair deficiency (68)  
and BRCA1 or BRCA2 mutations (67). Other PARP 
inhibitor-containing maintenance therapies currently under 
investigation in the front-line setting include combinations 
of bevacizumab with a PARP inhibitor and an immune 
checkpoint inhibitor (NCT03602859, NCT03737643) 
(69,70) and PARP inhibitors with immune checkpoint 
inhibitors (NCT03522246) (71).

Although immune therapies, such as those targeting PD-
1, PD-L1, and CTLA-4 have shown benefit in other tumor 
types, such therapies have proven less effective in ovarian 
cancer in the recurrent setting (72-74). Trials are currently 
ongoing investigating immunotherapy options in the 
frontline setting (NCT03642132, NCT03740165).

Intraperitoneal chemotherapy in the upfront treatment of 
advanced ovarian cancer

The controversial role of intraperitoneal chemotherapy 
has been explored in advanced ovarian cancer. The theory 
behind intraperitoneal chemotherapy use is the potential 
benefit of prolonged exposure to high concentrations of 
cytotoxic agents at the primary site of disease with relative 
sparing of normal tissue. Two randomized phase III trials 
in the 1990’s explored intraperitoneal vs. intravenous 
chemotherapy in advanced stage ovarian cancer patients 
(23,75) who had undergone primary cytoreductive 
surgery. Both studies found a survival benefit among the 
intraperitoneal chemotherapy group: a 7-month overall 
survival advantage (75) and a 6-month progression-free 
survival improvement (23).

These studies resulted in the development of GOG 
172, which subsequently established intraperitoneal 
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chemotherapy as a standard of care option in treating 
advanced ovarian cancer. This landmark study demonstrated 
an overall survival benefit for patients treated with 
intraperitoneal cisplatin and paclitaxel. The trial enrolled 
patients who had optimal primary cytoreductive surgery 
and randomized them to receive either: (I) six cycles of 
intravenous paclitaxel and cisplatin or (II) intraperitoneal 
cisplatin with intraperitoneal and intravenous paclitaxel. 
Patients in the intraperitoneal treatment group experienced 
a  5-month longer  progress ion-free  surv iva l  and 
16-month survival benefit compared to the intravenous 
treatment group. Interestingly, 48% of the patients in the 
intraperitoneal treatment group received three or fewer 
cycles due to treatment intolerance and toxic side effects. 
Patients who were unable to tolerate intraperitoneal 
chemotherapy received intravenous chemotherapy for the 
remaining cycles. Despite a National Cancer Institute alert 
encouraging treatment with the intraperitoneal approach in 
this setting as a result of this study, a number of factors limited 
widespread uptake of intraperitoneal chemotherapy (76).  
These factors include toxicity concerns, increased resource 
and cost requirements, more cumbersome administration 
logistics, intraperitoneal port complications, and concerns 
regarding postoperative healing or performance status (77).  
In addition, a survey study of Society of Gynecologic 
Oncology and American Society of Clinical Oncology 
members showed that most providers giving intraperitoneal 
chemotherapy did so in an outpatient setting using lower 
doses than those used in trial-specified protocols (78). 
Routine use of intraperitoneal chemotherapy has more 
recently been called into question following reassessment 
of this approach in a subsequent cooperative group study 
published in 2019. GOG 252 was an open label, randomized 
controlled trial that evaluated two intraperitoneal arms (dose 
dense intravenous paclitaxel with intraperitoneal carboplatin 
vs. intravenous paclitaxel and intraperitoneal paclitaxel and 
cisplatin) with one intravenous arm (intravenous carboplatin 
and paclitaxel) (79). All three arms received bevacizumab. 
Notably, the dose of intraperitoneal cisplatin used (75 mg/m2)  
was lower than that used in GOG 172 (100 mg/m2) in order 
to evaluate the dose more commonly being used in clinical 
practice. Progression-free survival was not significantly 
improved after a 7-year follow-up period with either 
intraperitoneal regimen compared to the intravenous arm 
when combined with bevacizumab. The reasons behind 
this are unclear; however, several factors including a lower 
dose of cisplatin, dose dense paclitaxel regimen, or an effect 
the bevacizumab may have contributed. As a result of these 

mixed data, intraperitoneal chemotherapy utilization for 
advanced ovarian cancer is now more controversial than 
ever. Enthusiasm for its use has waned considerably since 
the publication of GOG 252.

HIPEC in upfront advanced ovarian cancer management

HIPEC is a procedure in which cytotoxic chemotherapy is 
administered as a heated solution into the peritoneal space. 
Given ovarian cancer’s propensity to proliferate within the 
peritoneal cavity, the benefit of sustained exposure to high 
concentrations cytotoxic chemotherapy in the peritoneal 
cavity without the myelotoxic effects of intravenous 
treatment presents potential advantages. In addition, 
HIPEC has the benefit of being administered intra-
operatively once, without the need for multiple outpatient 
administrations. Hyperthermia can also in theory increase 
the crosslinking effect of platinum based chemotherapy, 
induce apoptosis, inhibit angiogenesis and penetrate deeper 
into tumor implants (80-82).

Cytoreductive surgery and HIPEC have become the 
standard of care among peritoneal malignancies of GI 
origin such as appendiceal pseudomyxoma peritonei and 
malignant abdominal mesothelioma (83). In contrast, the 
use of intraperitoneal chemotherapy including HIPEC 
in epithelial ovarian cancer continues to be explored and 
its use is variable among gynecologic oncologists in the 
treatment of ovarian cancer.

van Driel [2018] reported the first phase III, randomized 
controlled trial (OVHIPEC trial) that investigated the 
role of HIPEC for stage III ovarian cancer at the time 
of interval cytoreductive surgery following neoadjuvant 
chemotherapy (84). Patients who responded to three cycles 
of neoadjuvant intravenous carboplatin and paclitaxel 
were randomized to interval debulking surgery with or 
without HIPEC with heated 40 ℃ cisplatin at a dose of 
100 mg/m2. Patients undergoing interval cytoreductive 
surgery with HIPEC experienced a 3.5-month longer 
recurrence-free period (14.2 vs. 10.7 months). Median 
overall survival was 12 months longer in the surgery plus 
HIPEC group compared to the non-HIPEC group (45.7 vs. 
33.9 months). The number of patients experiencing grade 
3 or 4 adverse events was similar in both arms. The results 
however are not generalizable to patients with advanced 
stage peritoneal disease eligible for primary cytoreductive 
surgery as these patients were not included in this study. 
Criticisms of the trial include the small study population 
size (n=245), imbalance between the treatment arms for 
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low-grade cancers, unclear inclusion criteria for selection 
of interval debulking surgery at participating centers, and 
randomization after the decision to proceed to surgery was 
made, not prior to neoadjuvant chemotherapy initiation 
(85,86). Nevertheless, the OVHIPEC trial provided 
evidence for the use of HIPEC among patients with 
abdominal disease who are likely to experience optimal 
interval cytoreductive surgery. The beneficial effect of 
HIPEC was similar over a wide variety of subgroups 
(histologic type, extent of disease, age) (44).

The role of HIPEC at the time of primary cytoreductive 
surgery was recently explored in a retrospective study (87). 
Lei et al. [2020] investigated primary cytoreductive surgery 
with or without HIPEC. The study included five surgery 
centers in China (87). The methodology of the study 
involved a lower dose of cisplatin (50 mg/m2) delivered over 
three administrations (days 1, 3 and 5). Patients undergoing 

optimal primary cytoreductive surgery with HIPEC 
experienced a median survival time 11 months longer than 
the surgery alone cohort. Thus far, all HIPEC randomized 
controlled trials have largely looked at treatment at the time 
of interval cytoreduction (Table 2) (84,88-95), however none 
have yet reported outcomes in the primary surgery setting. 
The OVHIPEC-2 trial (96) is a randomized open-label trial 
that began enrolling patients in 2020 with newly diagnosed 
advanced stage ovarian cancer in several European 
countries. Following primary cytoreductive surgery with 
residual disease up to 2.5 mm in maximal dimension, 
patients are assigned to receive HIPEC or no HIPEC.

Evidence-based guidelines

International evidence-based guidelines vary on the use of 
HIPEC in treating ovarian cancer. The NCCN recommends 

Table 2 HIPEC Trials in the upfront treatment of ovarian cancer

Study Patients Type Treatment arms Efficacy Safety Regimen

Lim (88) 184 Randomized 
controlled trial

Arm A: CRS with 
HIPEC; arm B: CRS 
without HIPEC

PFS: 21% vs. 16% at  
5 years; OS: 51% vs. 
49% at 5 years

Not specified Cisplatin 75 mg/m2

van Driel (84) 245 Randomized 
controlled trial

NACT ×3 cycles;  
arm A: interval  
CRS; arm B CRS  
+ HIPEC

PFS: HIPEC 14.2 months 
vs. control 10.7 months; 
OS: HIPEC 44.7 months 
vs. control 33.9 months

Grade 3–4 events: 52% Cisplatin 100 mg/m2

Coccolini (89) 54 Prospective 
observational study

Primary CRS + 
HIPEC

DFS: median  
12.5 months; OS:  
median 32.9 months

Grade 3–4 events: 35%; 
death: 5.6%

Cisplatin 100 mg/m2; 
paclitaxel 175 mg/m2

Gouy (90) 30 Prospective 
observational study

NACT + CRS, 
HIPEC

DFS: median  
16.7 months; 2 years 
71%

Grade 3–4 events: 46% in 
higher dose regimen; 25%  
in lower dose regimen

Cisplatin 50–80 mg/m2

Manzanedo 
(91)

27 Prospective 
observational study

NACT + CRS, 
HIPEC

DFS: median 12 months; 
OS: median 40 months

Grade 3–4 events 30%; 
death 0%

Cisplatin 100 mg/m2 + 
doxorubicin 15 mg/m2 
(n=15); paclitaxel  
60 mg/m2 (n=11)

Paris (92) 40 Prospective 
observational study

Primary CRS + 
HIPEC

PFS: 25 months; OS: 
92.5% at 25 months

Grade 3–4 events: 20%; 
death 0%

Cisplatin 75 mg/m2

Lee (93) 27 Prospective 
observational study

NACT + IDS + 
HIPEC

PFS: 21 months Grade 3–4 events: 19%; 
death 0%

Paclitaxel 175 mg/m2

Tentes (94) 23 Prospective 
observational study

CRS + HIPEC OS: mean 37 months Grade 3–4 events: 15%; 
death 5%

Cisplatin 50 mg/m2 + 
doxorubicin 15 mg/m2

Gonzalez 
Bayon (95)

15 Prospective 
observational study

NACT + CRS, 
HIPEC

DFS: median 21 months; 
OS: median 78 months

Grade 3–4 events: 27%; 
death 7%

Cisplatin 100 mg/m2 + 
doxorubicin 30 mg/m2

CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; NACT, neoadjuvant chemotherapy; IDS, interval debulking surgery; 
PFS, progression-free survival; OS, overall survival; DFS, disease-free survival.
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the consideration of intraperitoneal cisplatin in patients with 
stage III ovarian cancer in the interval cytoreductive surgery 
setting (44). The current NCCN recommended HIPEC 
regimen is 100 mg/m2 cisplatin as used in the OVHIPEC 
trial. The European Society of Gynaecological Oncology 
guidelines, however, do not recommend HIPEC as a 
standard of care upfront treatment (97). Several questions 
continue to exist before the more widespread adoption 
of HIPEC in treating advanced ovarian cancer (98,99). 
First, there is no single optimal dosing protocol that has 
been established. Second, the costs vs. benefits of HIPEC 
have not been explored. HIPEC involves longer operating 
room time, longer duration of hospitalization compared to 
intravenous chemotherapy which is the current standard 
of care. In the United States, use of HIPEC for ovarian 
cancer increased only modestly following the Dutch trial 
noted above (100); further data on long-term outcomes and 
methods to streamline its administration may eventually 
support more widespread adoption.

Mucinous ovarian cancers

Mucinous ovarian cancer is a rare subtype of epithelial 
ovarian cancer, accounting for 3% of all ovarian cancer 
incidence. Mucinous ovarian cancers bear many histological 
similarities to GI cancer subtypes. Two subcategories of 
mucinous ovarian cancer have been classified according 
to histologic growth patterns: (I) the expansile (confluent) 
subtype and (II) the infiltrative subtype. The expansile 
subtype exhibits a confluent glandular growth pattern, with 
little to no stromal invasion; these tumors have a lower 
metastatic and recurrence potential. The infiltrative subtype 
on the other hand, exhibits a more obvious destructive 
stromal invasion pattern and is associated with a higher 
chance of peritoneal spread and risk of relapse (101,102). 
When presenting in advanced stages with carcinomatosis, 
mucinous ovarian cancers demonstrate even worse outcomes 
than serous ovarian cancers of the same stage. These cancers 
are typically diagnosed in younger women (median age 53 
vs. 61 years for serous ovarian cancer) (101) and comprise 
the most common histologic subtype of ovarian cancer 
diagnosed in women under 40 (103). Tobacco use is the 
only clinical risk factor identified associated with mucinous 
ovarian cancer risk. Most primary mucinous epithelial 
ovarian cancers (approximately 65–80%) are diagnosed 
at an early stage with a good prognosis, especially for the 
expansile subtype, following surgery (101). Unlike serous 
epithelial cancers which often produce symptoms following 

intraperitoneal spread, mucinous ovarian cancers usually 
present with large primary tumors that produce symptoms 
while still localized to the ovary of origin. The 5-year 
survival rate for stage I mucinous ovarian cancer is 90%. 
In contrast, women with stage III and stage IV mucinous 
ovarian cancer have a poorer prognosis compared to the 
more common subtypes such as serous ovarian cancer, with 
median survival rates between 11 and 16 months (104,105). 
The mean size at presentation is 16–20 cm. These tumors 
can become extremely large and fill the entire peritoneal 
cavity (106). The poor survival for advanced stage mucinous 
cancers is likely multifactorial, reflecting the aggressiveness 
of these tumors, resistance to conventional chemotherapy 
agents, as well as misclassification of many mucinous tumors 
as ovarian when they may in fact be metastatic from other 
GI primary sites.

The treatment of mucinous ovarian cancer has been 
based on regimens used for the more common epithelial 
subtypes such as serous ovarian cancers. The surgical 
staging is the same compared to the other epithelial ovarian 
cancer subtypes. Nodal spread is uncommon in early 
stage mucinous ovarian cancer (<2%) (107), however is 
more common in the infiltrative subtype and lymph node 
evaluation is recommended in these cancers. Discerning 
histologic subtype at time of surgery with intra-operative 
frozen section, however, is difficult and adds to the 
challenge of surgically staging and treating this cancer. 
Unilateral salpingo-oophorectomy is often considered in 
younger patients with early stage disease without having any 
negative impact on prognosis (106).

Before initiating treatment, a comprehensive workup 
including up-to-date upper GI and colonoscopy screening 
should be attempted to rule out metastatic disease to the 
ovaries (Krukenburg tumor). Around 80% of mucinous 
carcinomas of the ovary are in fact metastatic. The colon 
and appendix account for the largest portion of metastatic 
tumors, followed by the pancreas (108). The likelihood 
of metastasis is even higher if bilateral ovarian tumors are 
present, carcinoembryogenic antigen (CEA) is elevated, 
a CA-125/CEA ratio is less than 25, if imaging suggests 
advanced disease, or if the ovarian tumor is less than 10 cm 
in size (109,110). In reality however, many ovarian masses are 
discovered to be mucinous cancers post-operatively due to 
several reasons. Younger, premenopausal patients will often 
present to and be treated by a general gynecologist who may 
perform cystectomy or oophorectomy surgery alone without 
frozen pathology evaluation. Premenopausal patients are at 
lower risk for malignancy with the vast majority of adnexal 
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masses in this group being benign. Additionally, CA-125 
levels are often not elevated in these cancers.

The chemotherapy regimens used for advanced 
mucinous ovarian cancer have been the subject of some 
debate. Among the landmark practice changing clinical 
trials in ovarian cancer, only a small subset of patients 
had mucinous ovarian cancer (2–7%) (111-114). Several 
retrospective studies over the past two decades have shown 
lower response rates to platinum-based first-line therapy 
in mucinous ovarian cancers compared to serous ovarian 
cancers (carboplatin and paclitaxel) and lower overall 
survival (12–35 vs. 36–94 months) (101,115,116). This is 
most likely related to a poorer response to these traditional 
ovarian cancer chemotherapy agents (108,117).

Given that primary mucinous ovarian cancers share many 
histopathologic similarities to GI cancers (118,119), it has 
been theorized that many GI cancer regimens may prove 
more effective for mucinous ovarian cancers than platinum 
and taxane-based chemotherapy. The GOG launched 
trial 241 in 2009, a phase III randomized controlled trial 
which assigned patients to one of four arms for treatment: 
carboplatin and paclitaxel ± bevacizumab or oxaliplatin and 
capecitabine ± bevacizumab. The trial ended prematurely 
in 2013 due to low patient accrual with only 50 patients 
recruited compared to a target goal of 330 patients. The 
study’s authors reported an analysis of their limited data (120) 
which did not show a statistically significant difference in 
median overall and progression-free survival between the 
treatment arms; however, no definitive conclusions can 
be drawn on efficacy or lack thereof between the various 
arms given the study did not meet its accrual target (121). 
Importantly, a central review of GOG 241 data showed 
that 55% of cases were in fact non-ovarian metastases, 
underscoring the similarities between primary mucinous 
ovarian cancer and GI mucinous cancers (120).

A recent retrospective study (122) investigated 
response rates among mucinous ovarian cancer patients 
receiving adjuvant GI chemotherapy agents oxaliplatin, 
capecitabine, or 5-fluorouracil compared to platinum-based 
chemotherapy; bevacizumab use was present among cases 
in both cohorts. While the GI regimens were significantly 
more likely to have included bevacizumab, progression-free 
survival and overall survival in the GI-type chemotherapy 
cohort were significantly improved (122).

HIPEC in mucinous ovarian cancer

HIPEC is an additional treatment modality that offers 

potential promise in treating mucinous ovarian cancers. 
Given the role of HIPEC in metastatic colorectal 
cancer and pseudomyxoma peritonei, the biological 
similarities between mucinous ovarian cancer and these 
GI malignancies suggest that this regimen be a reasonable 
option to consider, especially in light of the inclusion of 
HIPEC with interval cytoreductive surgery as a level 2a 
recommendation in the 2019 NCCN guidelines (44). A 
2018 multicenter retrospective analysis investigating the 
benefit of HIPEC with cytoreductive surgery in rare ovarian 
cancer subtypes showed 5-year overall survival and 5-year 
disease-free survival for mucinous ovarian cancer with 
peritoneal metastasis as 69% and 54%, respectively (123). 
The study accrued 80 mucinous cancer cases over 15 years 
at 40 specialized centers, again highlighting the difficulty of 
studying this tumor type. These survival figures are better 
than those previously reported for FIGO stage III and IV 
mucinous ovarian cancers. While the different regimens 
used across various institutions in the study make it difficult 
to determine a best single regimen, this variability highlights 
the need for prospective trials to further elucidate optimal 
treatments for these cancers. The findings of these studies 
raise important questions about current treatment regimens 
for mucinous ovarian cancer. Even with adequate diagnostic 
measures, these tumors can be difficult to correctly diagnose 
pre-operatively, making the implementation of upfront 
HIPEC treatment challenging. The rarity of these tumors 
and the failure of GOG 241 to accrue adequate patient 
numbers likely mean that future prospective trials will be 
difficult to organize. To our knowledge, no prospective 
trials exist or are planned at present that aim to address the 
question of optimal primary chemotherapy regimen for 
advanced mucinous ovarian cancer. One potential strategy 
given the rarity of this cancer type is inclusion in basket 
trials enrolling patients with tumors from several anatomic 
sites. Even with this approach however, the rarity of this 
tumor type makes accrual to trials an ongoing challenge. 
Genetic sequencing could potentially identify actionable 
somatic mutations allowing for use of targeted agents.

Conclusions

Maximal surgical effort combined with intravenous 
chemotherapy remains the standard of care for upfront 
treatment in ovarian cancer peritoneal carcinomatosis. 
Surgical cytoreduction has consistently been shown to 
be the single most important predictive factor in patient 
outcomes. Significant work in recent decades has helped 
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optimize the dose, route, and selection of chemotherapy 
agents used in modern treatment regimens. Despite this, 
ovarian cancer remains the most fatal gynecologic cancer 
with most patients experiencing recurrence after upfront 
treatment. Many challenges and questions remain before 
HIPEC modalities can experience more widespread 
adoption among clinicians. Recent advances in our 
understanding of cancer genetics and novel treatment 
agents have broadened options for patients beyond just 
cytotoxic chemotherapy with the advent of antiangiogenic 
agents and PARP inhibitors. Future work is needed to 
identify subsets of patients who may benefit from certain 
treatment modalities. Similarly, rare subtypes of ovarian 
cancer such as mucinous ovarian cancer have a dearth of 
high-quality evidence to guide treatment decisions and 
remain challenging to study prospectively. In the coming 
years, new approaches and algorithms for patient selection 
are needed to further identify subsets who may benefit from 
particular treatment regimens.
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