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Abstract

Objectives: There are limited treatment options and no
consensus on the management of advanced rare ovarian
malignancies. Rare ovarian malignancies can present with
peritoneal metastases (PM), featuring a similar presentation
to more common ovarian subtypes. Cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy (CRS/
HIPEC) is an effective treatment for PM of non-gynecologic
origin and, recently, epithelial ovarian cancer. We evaluated
the feasibility of CRS/HIPEC in the management of PM
from rare ovarian malignancies and report postoperative
outcomes on these patients.

Methods: A retrospective review of a single center,
prospective database (1994-2021) was performed to identify
patients with rare ovarian malignancies treated with CRS/
HIPEC. Clavien-Dindo 90-day morbidity/mortality and
Kaplan—-Meier overall (0OS) and progression-free survival
(PFS) were analyzed.

Results: Of 44 patients identified, 28 underwent CRS/HIPEC.
Six were aborted due to extensive disease. Histologic
subtypes included: clear cell (5/28, 17.9 %), endometrioid

*Corresponding author: Vadim Gushchin, Surgical Oncology, Institute
for Cancer Care at Mercy, Mercy Medical Center, 277 St. Paul Place, 21202,
Baltimore, MD, USA, E-mail: vgushchin@mdmercy.com. https://orcid.org/
0000-0002-6151-5660

Luis Felipe Falla-Zuniga, Armando Sardi, Mary Caitlin King, Felipe
Lopez-Ramirez, Philipp Barakat and Carol Nieroda, Surgical Oncology,
Institute for Cancer Care at Mercy, Mercy Medical Center, Baltimore, MD,
USA. https://orcid.org/0000-0001-5065-1416 (L.F. Falla-Zuniga). https://
orcid.org/0000-0003-4132-9489 (A. Sardi). https://orcid.org/0000-0002-
3376-3827 (M.C. King). https://orcid.org/0000-0002-1560-9172 (F. Lopez-
Ramirez). https://orcid.org/0000-0002-5877-0521 (P. Barakat). https://
orcid.org/0000-0002-6337-5278 (C. Nieroda)

Teresa Diaz-Montes, Gynecological Oncology, The Lya Segall Ovarian
Cancer Institute, Mercy Medical Center, Baltimore, MD, USA. https://
orcid.org/0000-0003-0881-3236

(5/28, 17.9 %), granulosa cell (3/28, 10.7 %), low-grade serous
(6/28, 21.4 %), mesonephric (1/28, 3.6 %), mucinous (6/28,
21.4 %), and small cell (2/28, 7.1 %) carcinomas. Eight (28.6 %)
patients had primary and 20 (71.4 %) had recurrent disease.
Median peritoneal cancer index (PCI) was 21 (IQR: 6-29).
Complete cytoreduction (<2.5mm residual disease) was
achieved in 27/28 (96.4%). Grade III/IV complications
occurred in 9/28 (32.1 %) with one (3.6 %) mortality. After a
median follow-up of 65.8 months, 20 patients were alive.
Five-year OS and PFS were 68.5 and 52.6 %, respectively.
Conclusions: In patients with PM from rare ovarian
malignancies, CRS/HIPEC is feasible and has an acceptable
safety profile. Longer follow-up and multicenter trials are
needed.

Keywords: peritoneal neoplasms; cytoreduction surgical
procedures; hyperthermic intraperitoneal chemotherapy;
ovarian neoplasms

Introduction

Similar to more common ovarian subtypes, some rare
ovarian malignancies (incidence <6/100,000 cases/year) can
spread to the peritoneum [1, 2], which leads to treatment
challenges, as well as significant morbidity and poor
survival. There is no clear data regarding management of
peritoneal metastases (PM) in rare ovarian malignancies
and, despite representing 50 % of all gynecologic malig-
nancies [3-5], these patients are under-represented in
most cancer trials. The current standard of care for ovarian
cancer with PM, including rare subtypes, is cytoreductive
surgery (CRS) that aims for removal of all macroscopic
disease and systemic chemotherapy. However, the high
recurrence rates after CRS and limited effect of systemic
chemotherapy in low vascularized peritoneal lesions
warrants the use of new strategies that can provide better
loco-regional control.

Delivering high concentrations of hyperthermic intra-
peritoneal chemotherapy (HIPEC) to the peritoneal cavity
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after a complete CRS successfully controls PM in non-
gynecologic malignancies, such as appendix and mesotheli-
oma [6, 7]. Peritoneal spread of ovarian cancer can display
a similar clinical presentation to these peritoneal surface
malignancies. This is especially true in some rare ovarian
tumors (mucinous ovarian cancer), where voluminous,
mucinous ascites, and poor chemotherapy response is
observed [8-10]. In line with this, evidence shows that
epithelial ovarian cancer can also benefit from CRS/HIPEC by
prolonging time to recurrence [11]. Thus, CRS/HIPEC may
also be useful in rare ovarian subtypes given the similar
presentation.

Limited knowledge about these rare tumors and low
number of annual cases makes it difficult to design a
prospective study and analyze different treatments. Not
surprisingly, randomized control trials are lacking and
most treatment decisions are drawn from experience with
more common ovarian subtypes or tumors with similar
pathobiology [5, 12-14]. In this sense, any knowledge about
their course and response to oncologic treatments in
advanced stages serves as useful information. Considering
the benefit of CRS/HIPEC in the treatment of PM and its
safety profile, we hypothesize that patients with PM from
rare ovarian malignancies can safely undergo CRS/HIPEC,
which may delay disease progression. We evaluated the
feasibility of CRS/HIPEC in the management of PM from
rare ovarian malignancies and reported the postoperative
outcomes for these patients treated at a high-volume
center.

Subjects and methods
Patient selection

A retrospective review (1994-2021) of a prospective database of >1,000
patients with peritoneal dissemination from different primaries
(appendix, colon, mesothelioma, and ovarian cancer) treated with CRS/
HIPEC at a single-, high-volume peritoneal surface malignancy center
was performed. Patients with newly diagnosed or recurrent PM
(The International Federation of Gynecology and Obstetrics [FIGO]
stage III/IV) of primary peritoneal, fallopian tube, or ovarian origin
with rare histology who underwent CRS/HIPEC at our institution
with >3 months follow-up were included. All patients were classified
according to the World Health Organization (WHO) and re-staged
according to FIGO 2014 criteria [13]. Histopathology reports from
previous biopsies or surgeries were reviewed and confirmed by CRS/
HIPEC experienced, board certified pathologists. Tumors were defined
as rare if recording an incidence of less than six cases per 100,000
annually [3], and included non-high grade serous (HGS) tumors, sex-
cord, and germ cell tumors. Carcinosarcomas, complex and rare tu-
mors that involve both cellular components of epithelium and
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mesenchyme, were excluded from this study and its outcomes were
analyzed separately [15, 16]. Patients who had an aborted HIPEC were
excluded from the post-HIPEC morbidity/mortality analysis.

CRS/HIPEC and data collection

CRS was performed as previously described [17] by both a gynecological
and surgical oncologist. Selection criteria for surgical candidates was
extrapolated from standard criteria of common indications for CRS/
HIPEC. In brief, patients with an Eastern Cooperative Oncology Group
(ECOG) performance status <2, adequate bone marrow, renal, hepatic
function, and blood coagulation parameters, a sufficient support system,
and in whom achieving a complete cytoreduction was feasible were
deemed surgical candidates [17]. Certain imaging findings (CT scan or
PET-CT) were taken into account for determining the feasibility of a
complete cytoreduction. These included disease extension outside the
peritoneal cavity, biliary obstruction, foreshortened mesentery, diffuse
carcinomatosis on the small intestinal loops and at the diaphragmatic
level, and/or liver parenchymal involvement [17]. Of note, no specific PCI
cutoff was used to determine surgical eligibility.

Tumor burden, measured with the peritoneal cancer index (PCI),
was assessed at exploration, with PCI>20 considered high tumor burden
[18]. Major resections, defined as surgical procedures that indepen-
dently require an inpatient admission, were performed as needed to
achieve a complete cytoreduction [19]. These included splenectomy,
diaphragmatic peritonectomies, diaphragmatic resection, portal
dissection, liver resection, gastrectomy, omentectomy, small bowel
resection, colectomy, low anterior resection, hysterectomy, salpingo-
oophorectomy, cystectomy, vaginectomy, and abdominal or retroperi-
toneal lymphadenectomy. Completeness of cytoreduction (CC) score was
recorded after tumor resection as CC-0 (no residual disease), CC-1 (re-
sidual tumor <2.5mm), CC-2 (residual tumor 2.5-25 mm), and CC-3 (re-
sidual tumor >25 mm) [20]. Considering the depth of tissue penetration
by cytotoxic drugs, tumor deposits of <2.5 mm (CC-0/1) were considered
complete cytoreductions [21]. A complete CRS was aimed for every pa-
tient. Following CRS, HIPEC was performed with carboplatin (800 mg/
m?), cisplatin (50 mg/m? + doxorubicin (15 mg/m?, cisplatin + paclitaxel
(70 mg/m?), melphalan (50 mg/m?), or mitomycin-C (40 mg) for 90 min at
a temperature of 41-43 °C. Chemotherapeutic agents were selected by
consensus between gynecological, surgical, and medical oncologists,
based on histology and previous chemotherapy response. In the case of
an incomplete CRS, HIPEC perfusion was performed as a palliative
procedure. All anastomoses were performed after perfusion. CRS/HIPEC
was performed using both the open technique (coliseum), which was the
first method used by our group, and the closed technique. Postoperative
complications, including readmissions, were graded according to the
Clavien-Dindo classification for 90 days after surgery [22]. Grade III/IV
complications were considered major.

The Institutional Review Board approved this study. Consent was
obtained from all patients as part of an ongoing observational cohort
study. Patients were aware of the experimental nature of the treatment
and counseled on the availability of other therapies.

Postoperative care and follow-up

Patients were transferred to the intensive care unit (ICU) during the
first 24 h after surgery and then to the inpatient floor when clinically
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stable. Length of ICU and hospital stay (LOS) was recorded for each
patient. Postoperative follow-up occurred at two and four weeks
post-discharge, every three months for two years, and then every six
months thereafter. Follow-up included physical exam, tumor markers,
and CT/PET-CT. Tumor recurrence was diagnosed based on physical
exam, rising tumor markers, imaging studies, biopsy results, and/or
clinical presentation.

Statistical analysis

Statistical analysis was performed using SPSS V.23.0. Medians and
interquartile ranges (IQR) were used to describe continuous variables
not normally distributed. Categorical variables are presented as counts
and proportions. Progression-free survival (PFS) was defined as the time
in months from CRS/HIPEC to the date of tumor recurrence or death,
whichever occurred first. Overall survival (0OS) was calculated from the
date of CRS/HIPEC to date of death or last follow up. PFS and OS were
calculated using the Kaplan-Meier method and compared using the Log-
rank test.

Results
Patients and tumor types

In total, 44 patients with rare ovarian tumors were identi-
fied. Of these, 28 were included for analysis. We excluded six
patients in which CRS/HIPEC was aborted due to extensive
disease (n=1 granulosa cell, n=3 low-grade serous, n=2
mucinous), four patients who only underwent CRS, and six
for other reasons (n=4 stage, n=2 amount of data available)
(Figure 1). Seven histologic subtypes were identified,
including clear cell (5/28, 17.9 %), endometrioid (5/28, 17.9 %),
granulosa cell (3/28, 10.7 %), low-grade serous (6/28, 21.4 %),
mesonephric (1/28, 3.6 %), mucinous (6/28, 21.4 %), and small
cell (2/28,7.1 %) carcinomas. The location of tumor origin was
tubo-ovarian in 25 (89.3 %) patients and primary peritoneal

254 patients with
Ovarian Cancer

High-grade serous carcinoma, n=183
Carcinosarcoma, n=19
Unclear histology, n=8
44 patients with
Rare Ovarian Cancer

Reasons
. Aborted, n=6
l fx‘;i}:fe”f No HIPEC, n=4
FIGO stage < Il, n=4
" Not enough data, n=2
28 patients
included

Figure 1: Patient selection flow-chart (1994-2021)
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in three (10.7%) patients. Twenty-three (82.1%) patients
were classified as FIGO stage III and five (17.9 %) as stage IV.
Median age at diagnosis was 54 (IQR: 47-57) years. Eight
(28.6 %) patients had primary and 20 (71.4 %) had recurrent
disease. Median time from diagnosis to CRS/HIPEC was 23.2
(IQR: 1.7-48.0) months. All patients in the primary group
were treated upfront, with no interval cases. In the recur-
rent group, all (20/20, 100 %) patients had prior surgery and
14/20 (70.0 %) had prior chemotherapy (Table 1).

Operative outcomes

Median age at CRS/HIPEC was 56 (IQR: 50-62) years. Median
PCI score was 21 (IQR: 6-29). Median number of major re-
sections was five (IQR: 2-7) and median estimated blood loss
was 500.0 (IQR: 325.0-1,387.5) mL. Lymph nodes were sub-
mitted for pathological analysis in 27/28 (96.4 %) patients and
11 (40.7 %) of these patients had lymph node involvement.
Median length of surgery was 532 (IQR: 411-596) minutes.
Complete cytoreduction (CC-0/1) was achieved in 27/28
(96.4 %) patients who underwent CRS/HIPEC. One (3.5 %)
patient had residual disease (CC-3) and received palliative
HIPEC. HIPEC agents were carboplatin (n=9, 32.1%),
cisplatin + doxorubicin (n=3, 10.7 %), cisplatin + paclitaxel
(n=1, 3.6 %), melphalan (n=9, 32.1 %), and mitomycin-C (n=6,
21.5%) (Table 1). HIPEC was performed using the open
(coliseum) method in two (7.1%) patients and the closed
technique in 26 (92.9 %) patients. In one patient, HIPEC was
shortened to 45 min due to persistent hypotension.

Morbidity and mortality after CRS/HIPEC

Median length of hospital stay was nine (IQR: 8-11) days.
The readmission rate was 7/28 (25.0%). At least one
complication occurred in 24 (85.7%) patients. Grade I
complications occurred in 12/28 (50.0 %) patients (anemia,
thrombocytopenia, diarrhea, and leukopenia). Grade II
complications, particularly anemia requiring blood trans-
fusion (13/19, 68.4 %), were the most common type (19/28,
67.9 %). Major complications occurred in 9/28 (32.1%)
patients, with 4/9 (44.4 %) patients presenting with more
than one major complication. Major complications
included intraoperative ureteral injury (n=1), pyelone-
phritis (n=1), recurrent ascites (n=2), left upper quadrant
sterile collections (n=3), pelvic abscess (n=1), wound
dehiscence (n=2), pancreatic leak (n=1), enterocutaneous
fistula (n=1), vaginal fistula (n=1), gastrointestinal
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Table 2: Clavien-Dindo 90-day complications after CRS/HIPEC

System Complication Clavien-Dindo
classification
I I 1Im
Cardiovascular Arrhythmia
Hypotension
Genitourinary Pyelonephritis

Ureteral injury

Vaginal fistula

Ascites

Diarrhea

Enterocutaneous fistula
Gastrointestinal obstruction
Left upper quadrant collection
Nausea/vomiting
Pancreatic leak

Wound dehiscence

Anemia

Coagulopathy

Leukopenia
Thrombocytopenia

Gastrointestinal

N
N O = = & o NN WO -~ WP ~ wWoOoOOoOoOhMNRoOOOOOOOO WN

Hematological

Infectious Pelvic abscess
Septic shock
Urinary tract infection
Vaginal yeast infection
Neurological Confusion
Pulmonary Pneumonia
Pleural effusion
Respiratory distress
Renal Renal failure
Skin Wound dehiscence

OOOOOOOOONOOOOOOOOOAOOOOOOOOE

O O O O O O O O O OO P~ANO OUODODOOOONOOOOOO
O - OO0 OO0 000000000 = =20 WO -~ 0O0N-=- =2 20 0o

Wound infection

Complications of any grade occurred in 24/28 patients. Of these, 19/24
patients presented with more than one complication of the same or
different grade. Major complications (grade III/IV) occurred in 9/28
patients.

obstruction (n=1), and septic shock (n=2). One (3.6 %) 90-day
mortality occurred on postoperative day 14 due to septic
shock secondary to ischemic bowel (Table 2).

Survival and recurrence

After CRS/HIPEC, 15/28 (53.6 %) patients received adjuvant
systemic chemotherapy (Table 1). Carboplatin + paclitaxel
was the most common regimen with a median of six cycles
(range: 6-15). Median follow-up after CRS/HIPEC was
65.8 (95 % confidence interval (CI): 43.6—88.0) months, with a
two-, five-, and ten-year follow-up of 85.4, 54.1, and 19.4 %,
respectively. At last follow-up, 12/28 (42.9 %) patients had
disease recurrence. Sites of recurrence included intraperi-
toneal only in 3/12 (25.0 %) patients, extraperitoneal only
in 6/12 (50.0 %) patients, and both in 3/12 (25.0 %) patients

Falla-Zuniga et al.: Peritoneal metastases from rare ovarian cancer
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(Table 1). Median PFS was 75.6 months (95% CI: 16.2-134.7)
with a two-, five-, and ten-year PFS of 68.8, 52.6, and 43.8 %,
respectively (Figure 2A). Median OS was not reached, with
a two-, five-, and ten-year OS of 88.4, 68.5, and 52.2 %,
respectively (Figure 2A). No differences in OS (p=0.698)
or PFS (p=0.899) were observed between primary and
recurrent patients (Figure 2B).

Discussion

Rare ovarian cancers include a variety of tumors with
diverse biology. Given the high recurrence rates and low
chemotherapy response for some subtypes (i.e. clear cell and
small cell carcinomas), there is an unmet need for additional
treatment options [23]. Since rare ovarian malignancies can
present with extensive, often debilitating loco-regional PM,
the addition of HIPEC to CRS poses as a suitable option for
peritoneal disease control and treatment in these select
patients. We present perioperative and long-term outcomes
of a cohort of patients with PM from rare ovarian tumors
treated with CRS/HIPEC, including seven histologic subtypes
(clear cell, endometrioid, low-grade serous, mesonephric,
mucinous, granulosa cell, and small cell carcinomas).

For all subtypes, achieving a complete cytoreduction
remains a major prognostic factor for ovarian cancer. There
is substantial evidence that optimal survival outcomes after
CRS are achieved in ovarian cancer patients with little or no
residual disease at the completion of surgery [24, 25].
Maximal efforts should be made to remove all visible
disease. Therefore, the ability to achieve a complete
cytoreduction is paramount in patient selection for CRS/
HIPEC. In our cohort, 27/28 (96.4 %) patients who underwent
CRS/HIPEC had minimal residual disease (tumors <2.5 mm)
after CRS. These results are similar to those reported in
ovarian cancer trials evaluating CRS/HIPEC [11, 26], where
minimal residual disease was left in 87% of patients,
demonstrating that a CC-0/1 can also be accomplished for
advanced rare ovarian tumors.

Even after a complete CRS, most patients with ovarian
cancer (up to 60 %) recur in the peritoneal cavity [27, 28].
HIPEC can target residual microscopic disease left behind
after CRS, improving the quality of CRS and assisting in the
delivery of high-dose chemotherapy directly to the perito-
neum. These benefits are evidenced by a significantly lower
incidence of peritoneal recurrences in patients with ovarian
cancer treated with CRS/HIPEC compared to those treated
with CRS alone [29-31], suggesting that adding HIPEC to
interval CRS improves intraperitoneal disease control in
HGS ovarian cancer [32]. In our study, less than 50 % of
patients had disease recurrence after CRS/HIPEC, with
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Figure 2: Survival outcomes after CRS/HIPEC.

higher rates of extra-vs. intra-peritoneal recurrences
(50.0 vs. 25.0 %). This suggests that HIPEC can also provide
loco-regional disease control in rare ovarian tumors.
Understandably, CRS/HIPEC implementation has been
limited by concerns around its safety profile. As an extensive
procedure, CRS/HIPEC can pose significant risks for

Time (months)

postoperative morbidity and mortality. However, when
performed at experienced centers and following defined
guidelines, significant surgical trauma can be minimized
[33, 34]. Our cohort had an acceptable major complication
(32.1%) and mortality rate (3.6 %), similar to that reported
for CRS alone and in previous HIPEC trials [11, 26, 33, 35, 36].
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A single intra-procedural complication of hypotension
occurred, which resulted in a shortened HIPEC perfusion.
The most common complication was anemia, which
responded to blood transfusion. Accordingly, CRS/HIPEC has
an acceptable safety profile in rare ovarian tumors, with
results similar to that reported for HGS ovarian cancer.

No prospective trials have evaluated the potential
benefit of adding HIPEC to the treatment of rare ovarian
tumors. Both of the phase-III clinical trials that demon-
strated a survival benefit of adding HIPEC for advanced
ovarian cancer treatment only included a few patients
with rare ovarian malignancies, but no histology specific
outcomes were reported due to limited sample size [11, 26].
Use of HIPEC in rare ovarian tumors has been mostly
documented in retrospective studies. These studies mainly
consisted of heterogeneous cohorts including non-
gynecologic tumors, analyzed all together and with limited
information by tumor type [10, 37]. The PSOGI Working
Group (2018) and INDEPSO (2022) have reported two cohorts
of patients with rare ovarian cancer treated with CRS/HIPEC
[2, 9]. Both demonstrated an acceptable morbidity (major
complication rate: 42.2 and 15.8 %, respectively) and feasi-
bility for achieving complete CRS (CC-0/1: 92.5 and 81.2 %,
respectively). No definite conclusions for OS and PFS were
possible given the limited data by tumor subtype and diverse
treatment groups, including multiple perfusion agents.
However, the PSOGI Working Group observed significant
differences in PFS within rare cancer subtypes, showing best
results for mucinous tumors. Although results from these
studies and ours are limited, the addition of HIPEC to treat
advanced patients with rare ovarian cancer warrants
further consideration and encourages the conduction of
more systematic and multi-center investigations.

The main strengths of our study are the rigor of our
data collection, a low lost to follow-up rate (0 %) in under-
reported histologic subtypes, experience as a high-volume
peritoneal surface malignancy center, and strict long-term
follow-up. We acknowledge that our study has some
limitations related to the retrospective nature, inclusion
of patients treated over >20 year span (representing
variations in patient selection, management and surveil-
lance), small sample size without a comparison group,
and the high number of rare ovarian histologies resulting
in the use of multiple HIPEC agents and adjuvant
chemotherapy recommendations. Nonetheless, this study
provides evidence of an available treatment option that
is safe and can provide long-term outcomes in select
patients with PM from rare ovarian malignancies.

Our study confirms that HIPEC can be safely used to
treat PM of rare ovarian tumors after achieving a complete
CRS (CC-0/1) for both primary and recurrent patients. The
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long PFS (median: 75.6 months) and low percentage of
peritoneal recurrences (25.0%) support the hypothesis
that CRS/HIPEC may provide loco-regional disease control;
however, questions remain around which HIPEC agent
should be used and the true survival benefit of CRS/HIPEC
for each histology.

Conclusions

We demonstrated that CRS/HIPEC is feasible and has an
acceptable safety profile for PM originating from rare
ovarian tumors, with the possibility of providing local tumor
control. Longer follow-up and multicenter collaborative
trials are needed to address this hypothesis and define sur-
vival outcomes for each histology.

Research ethics: The Institutional Review Board approved
this study.

Informed consent: Informed consent was obtained from all
individuals included in this study.

Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.

Competing interests: Authors state no conflict of interest.
Research funding: Funded by an annual fundraising event,
Heat It to Beat It.

Data availability: Data available on request due to
privacy/ethical.

References

1. Sehouli J, Senyuva F, Fotopoulou C, Neumann U, Denkert C, Werner L,
et al. Intra-abdominal tumor dissemination pattern and surgical
outcome in 214 patients with primary ovarian cancer. ) Surg Oncol
2009;99:424-7.

2. Mercier F, Bakrin N, Bartlett DL, Goere D, Quenet F, Dumont F, et al.
Peritoneal carcinomatosis of rare ovarian origin treated by
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy: a multi-institutional cohort from PSOGI and
BIG-RENAPE. Ann Surg Oncol 2018;25:1668-75.

3. Gatta G, Van Der Zwan JM, Casali PG, Siesling S, Dei Tos AP, Kunkler I,
et al. Rare cancers are not so rare: the rare cancer burden in Europe.
Eur ) Cancer 2011;47:2493-511.

4. Debuquoy C, Romeo C, Vanacker H, Ray-Coquard I. Rare ovarian
tumors: an update on diagnosis and treatment. Int ] Gynecol Cancer
2020;30:879-87.

5. Ray-Coquard I, Trama AL, Seckl MJ, Fotopoulou C, Pautier P, Pignata S,
et al. Rare ovarian tumours: epidemiology, treatment challenges in and
outside a network setting. Eur J Surg Oncol 2019;45:67-74.

6. El Halabi H, Gushchin V, Francis J, Athas N, MacDonald R, Nieroda C,
et al. The role of cytoreductive surgery and heated intraperitoneal
chemotherapy (CRS/HIPEC) in patients with high-grade appendiceal



22

~

®

1.

12.

13.

20.

21.

22.

23.

—— Falla-Zuniga et al.: Peritoneal metastases from rare ovarian cancer

carcinoma and extensive peritoneal carcinomatosis. Ann Surg Oncol
2012;19:110-4.

Sugarbaker PH. Update on the management of malignant peritoneal
mesothelioma. Transl Lung Cancer Res 2018;7:599-608.

Babaier A, Ghatage P. Mucinous cancer of the ovary: overview and
current status. Diagnostics 2020;10:1-16.

Sinukumar S, Damodaran D, Ray M, Prabhu A, Katdare N, Vikram S,
et al. Cytoreductive surgery with or without HIPEC in the management
of peritoneal dissemination from rare histological subtypes of ovarian
cancer - a retrospective study by INDEPSO. Indian J Surg Oncol 2022;
14:74-81. 0123456789.

. Alaedin R, Piso P, Halmy L, Panczel I, Nedelcut D-S, Herold Z, et al. Rare

histologies and infrequent indications for cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy. Anticancer Res 2022;42:
3681-92.

van Driel W], Koole SN, Sikorska K, Schagen van Leeuwen JH,
Schreuder HWR, Hermans RHM, et al. Hyperthermic intraperitoneal
chemotherapy in ovarian cancer. N Engl ] Med 2018;378:230-40.
Cobb LP, Gershenson DM. Treatment of rare epithelial ovarian tumors.
Hematol Oncol Clin North Am [Internet] 2018;32:1011-24.

Shaco-Levy R, Fukunaga M, Stewart CJR. WHO classification of tumours
female genital tumours. In: Cree IA, editor. WHO female genital
tumours, 5th ed. Lyon, France: International Agency for Research on
Cancer; 2020, vol 4:132-3 pp.

. Gershenson DM, Okamoto A, Ray-Coquard I. Management of rare

ovarian cancer histologies. J Clin Oncol 2019;37:2406-15.

. Del Carmen MG, Birrer M, Schorge JO. Carcinosarcoma of the ovary: a

review of the literature. Gynecol Oncol [Internet] 2012;125:271-7.

. Lopez-Ramirez F, Sardi A, Studeman K, King MC, Falla Zuniga LF,

Nikiforchin A, et al. Outcomes after cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for peritoneal
dissemination from ovarian carcinosarcoma. Eur J Surg Oncol
[Internet]. 2023, in press. https://doi.org/10.1016/j.ejs0.2023.03.230.

. Shankar S, Ledakis P, El Halabi H, Gushchin V, Sardi A. Neoplasms of the

appendix: current treatment guidelines. Hematol Oncol Clin N Am
2012;26:1261-90.

. Harmon RL, Sugarbaker PH. Prognostic indicators in peritoneal

carcinomatosis from gastrointestinal cancer. Int Semin Surg Oncol
2005;2:1-10.

. Roife D, Powers BD, Zaidi MY, Staley CA, Cloyd JM, Ahmed A, et al. CRS/

HIPEC with major organ resection in peritoneal mesothelioma does not
impact major complications or overall survival: a retrospective cohort
study of the US HIPEC collaborative. Ann Surg Oncol [Internet] 2020;27:
4996-5004.

Sugarbaker PH. New standard of care for appendiceal epithelial
neoplasms and pseudomyxoma peritonei syndrome? Lancet
[Internet]. 2006;7:69-76.,

Goodman MD, McPartland S, Detelich D, Saif MW. Chemotherapy for
intraperitoneal use: a review of hyperthermic intraperitoneal
chemotherapy and early post-operative intraperitoneal chemotherapy.
) Gastrointest Oncol 2016;7:45-57.

Clavien PA, Barkun J, De Oliveira ML, Vauthey JN, Dindo D, Schulick RD,
et al. The clavien-dindo classification of surgical complications: five-
year experience. Ann Surg 2009;250:187-96.

MacKay HJ, Brady MF, Oza AM, Reuss A, Pujade-Lauraine E, Swart AM,
et al. Prognostic relevance of uncommon ovarian histology in women

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

DE GRUYTER

with stage III/IV epithelial ovarian cancer. Int ] Gynecol Cancer 2010;20:
945-52.

Bristow RE, Tomacruz RS, Armstrong DK, Trimble EL, Montz FJ. Survival
effect of maximal cytoreductive surgery for advanced ovarian
carcinoma during the platinum era: a meta-analysis. ] Clin Oncol 2002;
20:1248-59.

Chang SJ, Bristow RE, Ryu HS. Impact of complete cytoreduction leaving
no gross residual disease associated with radical cytoreductive surgical
procedures on survival in advanced ovarian cancer. Ann Surg Oncol
2012;19:4059-67.

Lim MC, Chang SJ, Park B, Yoo HJ, Yoo CW, Nam BH, et al. Survival after
hyperthermic intraperitoneal chemotherapy and primary or interval
cytoreductive surgery in ovarian cancer: a randomized clinical trial.
JAMA Surg 2022;157:374-83.

Ferrandina G, Legge F, Salutari V, Paglia A, Testa A, Scambia G. Impact
of pattern of recurrence on clinical outcome of ovarian cancer patients:
clinical considerations. Eur ] Cancer 2006;42:2296-302.

Usami T, Kato K, Taniguchi T, Abe A, Nomura H, Yamamoto A, et al.
Recurrence patterns of advanced ovarian, fallopian tube, and
peritoneal cancers after complete cytoreduction during interval
debulking surgery. Int ] Gynecol Cancer 2014;24:991-6.

Sinukumar S, Damodaran D, Ray M, Mehta S, Paul L, Bhatt A. Pattern of
recurrence after interval cytoreductive surgery and HIPEC following
neoadjuvant chemotherapy in primary advanced stage IIIC/IVA
epithelial ovarian cancer. Eur ] Surg Oncol [Internet] 2021;47:1427-33.
Chambers LM, Yao M, Morton M, Gruner M, Chichura A, Horowitz M,
et al. Patterns of recurrence in women with advanced and recurrent
epithelial ovarian cancer treated with cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy. Gynecol Oncol [Internet]
2021;161:389-95.

Ceresoli M, Verrengia A, Montori G, Busci L, Coccolini F, Ansaloni L,
et al. Effect of cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy on relapse pattern in primary
epithelial ovarian cancer: a propensity score based case-control
study. ] Gynecol Oncol 2018;29:1-10.

Lee YJ, Seon KE, Jung DC, Lee ]Y, Nam EJ, Kim SW, et al. Interval
debulking surgery with or without hyperthermic intraperitoneal
chemotherapy in advanced-stage ovarian cancer: single-institution
cohort study. Front Oncol 2022;12:1-8.

Jafari MD, Halabi WJ, Stamos M), Nguyen VQ, Carmichael JC, Mills SD,
et al. Surgical outcomes of hyperthermic intraperitoneal
chemotherapy: analysis of the American college of surgeons national
surgical quality improvement program. JAMA Surg 2014;149:170-5.
Halkia E, Spiliotis J, Sugarbaker P. Diagnosis and management of
peritoneal metastases from ovarian cancer. Gastroenterol Res Pract
2012;2012:541842.

Chi DS, Eisenhauer EL, Zivanovic O, Sonoda Y, Abu-Rustum NR,
Levine DA, et al. Improved progression-free and overall survival in
advanced ovarian cancer as a result of a change in surgical paradigm.
Gynecol Oncol [Internet] 2009;114:26-31.

Kuusela K, Norppa N, Auranen A, Saarelainen S. Maximal surgical effort
increases the risk of postoperative complications in the treatment of
advanced ovarian cancer. Eur | Surg Oncol [Internet] 2022;48:2525-30.
Yee FZY, Tan GHC, Chia CS, Soo KC, Teo MCC. Uncommon indications for
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy. Pleura Peritoneum 2017;2:129-36.


https://doi.org/10.1016/j.ejso.2023.03.230

	Peritoneal metastases from rare ovarian cancer treated with cytoreductive surgery and hyperthermic intraperitoneal chemothe ...
	Introduction
	Subjects and methods
	Patient selection
	CRS/HIPEC and data collection
	Postoperative care and follow-up
	Statistical analysis

	Results
	Patients and tumor types
	Operative outcomes
	Morbidity and mortality after CRS/HIPEC
	Survival and recurrence

	Discussion
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


