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Ascites do not affect the rate of complete cytoreductive surgery
and prognosis in patients with primary ovarian cancer with
ascites treated with hyperthermic intraperitoneal chemotherapy
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Abstract. Cytoreductive surgery (CRS) is the current standard
therapy procedure for patients with advanced ovarian cancer
(OC), but numerous patients with OC are complicated with
ascites. The aim of the present study was to assess whether
massive ascites affect the rate of complete CRS and prognosis
for patients with primary OC treated with hyperthermic intra-
peritoneal chemotherapy (HIPEC). Between December 2006
and December 2015, 1,293 patients with primary OC from the
Intracelom Hyperthermic Perfusion Therapy Center of the
Cancer Hospital of Guangzhou Medical University prospec-
tive database were treated with CRS combined with HIPEC. A
total of 1,225 patients were without malignant ascites or small
amounts of ascites and 68 had massive malignant ascites.
The rate of complete CRS, overall survival (OS), disease-free
survival (DFS) and resolution of ascites for patients with
massive ascites were analyzed between patients without/small
ascites, and with massive ascites. Complete CRS was successful
in 86.8% (1,063/1,225) of patients without/small ascites, and
85.3% (58/68) of patients with massive ascites. No statistical
differences were identified in complete CRS success between
patients with ascites and patients without/small ascites
(P=0.080). For patients with massive ascites, all symptoms
exhibited regression; the total objective remission rate was
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100% (68/68), even for patients with incomplete CRS (10/68)
(P=0.100). The mean OS was 58 months and the mean DFS
was 26 months in patients without/small ascite, vs. 57 months
and 28 months in patients with massive ascites. No significant
differences were noted in median DFS and median OS between
patients with ascites, and patients without/small ascites (All
P>0.05). In conclusion, the results of the present study suggest
that ascites does not affect the rate of complete CRS and the
prognosis of patients with massive ascites following HIPEC.
CRS is suitable for the majority of patients with primary OC
and massive ascites.

Introduction

Ovarian cancer (OC) is the leading cause of mortality among all
gynecological cancer types in developed countries and the fifth
leading global cause of mortality from cancer in women (1).
Due to the lack of clinical signs and the absence of effec-
tive screening tests, 70-80% of patients are diagnosed at the
advanced stages, when peritoneal carcinomatosis (PC) is estab-
lished, and numerous cases are complicated with ascites (1,2).
Malignant ascites frequently occur in patients OC when PC is
present, in which fluid containing cancer cells accumulate in the
abdominal cavity (3-7). With the increasing amount of ascites,
discomforts and decreased quality of life (QOL) associated with
symptomatic malignant ascites often exceed that of the cancer
itself, resulting in detrimental physiological, and psychological
states leading to poor prognosis (4-9).

The standard of care for the treatment of advanced OC
includes optimal cytoreductive surgery (CRS) with adju-
vant taxanes- and platinum-based chemotherapy (1,2,10,11).
However, patients with primary OC and massive ascites present
highly variable health conditions, and certain patients with OC
and massive ascites are not eligible for CRS due to poor health
conditions and unstable vital signs (4). The authors of the present
study previously reported that the efficacy of CRS decreased
with increasing amounts of ascites in patients with extensive PC
from gastric and colon cancer (4-7). In addition, a retrospective
study suggested that the presence of malignant ascites signifi-
cantly decreases the chances of achieving a complete CRS (3).
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Hyperthermic intraperitoneal chemotherapy (HIPEC)
has been demonstrated to be a promising treatment for PC
and malignant ascites (3-9). Maximum CRS according to
the Sugarbaker criteria (12) combined with HIPEC have
achieved good clinical efficacy for improving QOL (13,14)
and prolonging the survival of carcinomatosis of non-ovarian
origins, including the stomach (15-18), colon (19,20), and
appendix (21,22). CRS may be used to remove bulky tumor
tissue (10,11,23-29), and HIPEC may then be used to eradicate
residual microscopic tumors in the peritoneal cavity (30-38),
thereby improving the QOL (13,14).

Unlike peritoneal diffuse metastases from advanced
digestive tract carcinomatosis, whereby CRS result in few
changes, PC in the majority of patients with OC is due to local
infiltrative metastases or limited regional peritoneal metas-
tases (39-41). Therefore, the complete CRS success rate for
these patients should be considerably higher compared with
the rates reported for patients with digestive tract tumors and
malignant ascites (3,6).

Despite favorable response rates to this combined
approach, numerous patients are not eligible due to poor
health conditions (3,4,42). Consequently, novel approaches
to HIPEC should be considered if oncologists are to achieve
better prognoses in their patients. HIPEC by minimally inva-
sive or non-invasive surgical approaches, including B-mode
ultrasound-guided placement of perfusion catheters, have
recently been proposed for patients who are not eligible for
CRS (4-6).

Although CRS with HIPEC has been demonstrated to
exhibit more benefits in patients with OC carcinomatosis
compared with non-ovarian carcinomatosis (4-7), it has not
yet been determined if massive ascites, particularly in patients
with poor health conditions, affect the complete CRS rate
and prognosis of patients with primary OC under HIPEC.
Therefore, the aim of the present study study was to evaluate
the possibility of complete CRS and prognosis for primary
OC complicated with massive ascites using the prospective
database of patients with primary OC treated with HIPEC
at the Intracelom Hyperthermic Perfusion Therapy Center
of the Cancer Hospital of Guangzhou Medical University
(Guangzhou, China).

Patients and methods

Study design. The present study was a retrospective study
performed using a prospective cohort registered at the
Intracelom Hyperthermic Perfusion Therapy Center of the
Cancer Hospital of Guangzhou Medical University. Patients
were treated between December 2006 and December 2014.
Patients with primary OC were included. The presence
of massive ascites was determined by ultrasound or other
imaging modalities. According to their general health condi-
tion prior to treatments, patients with massive ascites were
divided into the good or the poor condition groups. The
patients in a good condition were treated with CRS followed
by HIPEC (CRS+HIPEC). The patients in a poor condition
were treated using B-mode ultrasound-guided HIPEC first
followed by delayed CRS upon general condition improve-
ment (ACRS+HIPEC). Patients were considered to be in poor
condition if the following applied: i) Heart rate, >100 bpm at
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rest; ii) respiration rate, >20 breaths/min at rest; and iii) blood
oxygen saturation, <95% at rest. Otherwise, the patients
were included in the good condition group. All patients with
primary OC were attempted to be treated with CRS combined
with HIPEC first. Patients with small ascites and those without
ascites were treated in the same way as patients in the good
condition group (immediate CRS followed by HIPEC during
CRS).

The inclusion criteria were: 1) =18 years old; ii) diagnosis of
primary OC; iii) no radiation therapy in the previous 4 weeks;
iv) no chemotherapy in the previous 2 weeks; and v) the
tumor board at the Cancer Hospital of Guangzhou Medical
University determined that the prognosis was >2 months. The
exclusion criteria were as follows: i) Recurrence of OC with
ascites; ii) known or possible ovarian metastases from other
organs; iii) known or possible primary malignant tumor in
other internal organs; iv) known or potential pregnancy; or
v) extensive abdominal adhesions due to multiple surgeries.
The present study was approved by the Medical Ethics
Committee of the Cancer Hospital of Guangzhou Medical
College (approval no. GZY Y2006-8-20). Written informed
consent was obtained from all patients.

CRS and placement of perfusion catheters. For CRS, all
patients were treated with the first intention of achieving
complete CRS. Patients with massive ascites in the good
condition group and patients without/small ascites were
treated with immediate CRS followed by HIPEC. Patients in
the poor condition group were treated with dCRS following the
improvement of their general health condition after HIPEC.

Surgery was performed under general anesthesia and
endotracheal intubation. For patients with massive ascites,
after opening the abdominal wall, 200 ml of ascites were sent
for cytological examination; then, all remaining abdominal
fluid was suctioned. CRS consisted of the removal of all
gross tumors and involved organs, peritoneum or tissue, as
deemed technically feasible, and safe for the patient. Any
tumors adhering to or invading vital structures that could not
be removed were cytoreduced using a cavitational ultrasonic
surgical aspirator (Valleylab™; Medtronic, Minneapolis, MN,
USA).

The International Federation of Gynecology and Obstetrics
classification for OC staging was used (42). The anatomical
extension of the OC in the peritoneal cavity was best evaluated
by the PC index (PCI), as described by Sugarbaker (43). The
resection status was determined after CRS using the following
classification: RO, complete removal of all visible tumor
and negative cytological findings or microscopic margins;
R1, complete removal of all visible tumor and positive post
perfusion cytologic findings or microscopic margins; R2a,
minimal residual tumor, nodule(s) measuring <5 mm; R2b,
gross residual tumor, nodule(s) measuring >5 mm, but <2 cm;
and R2c, extensive disease remaining, nodule(s) measuring >2
cm. According to these, RO/R1 resections were considered as
complete CRS, while R2a-R2c resections were considered as
incomplete CRS (43).

Following CRS, an infusion catheter with multiple side
holes (inner diameter of 0.8 cm, outer diameter of 1.0 and
100 cm in length) was placed into the peritoneal cavity in
the upper left and right quadrant with 40-60 cm of catheter
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inside the body (Fig. 1). Similarly, an outflow catheter with
the same dimensions was placed in the lower left and right
quadrant of the pelvic cavity. The abdominal wall was sutured
and the perfusion catheter was fixed to the abdominal wall by
cutaneous sutures, as previously described (4).

B-mode ultrasound-guided placement of catheters for
chemotherapy (Fig. 2). For patients in the poor condition
group, those who could not tolerate endotracheal general
anesthesia and CRS, B-mode ultrasound-guided HIPEC was
performed first, and dCRS was performed after improvement
of their general condition.

In a standard operating room, patients were placed in the
supine position. Pethidine hydrochloride (75 mg; Qinghai
Pharmaceutical Factory Co., Xining, China) and promethazine
hydrochloride (25 mg; Shuntong Pharmaceuticals (Shuntong,
China) were administered by intramuscular injection. Propofol
(Astra Zeneca, London, UK) was given intravenously in
a continuous manner at a dosage rate of 3-8 ml/h; this was
adjusted according to the patient's status. B-ultrasound exami-
nation of all four abdominal quadrants was performed to select
the best puncture location. The region with the largest amount
of ascites that were not adhering to the abdominal wall or to
the tissues of the peritoneal cavity was selected. Additionally,
the region had to be without previous abdominal incision or
tumor. A 1.2-cm incision was made after locally administering
0.5% lidocaine and a Hasson trocar (1.2 cm in diameter) was
placed into the peritoneal cavity. Then, the infusion and
outflow catheters with multiple side holes (inner diameter
of 0.8 cm, outer diameter of 1.0 and 100 cm in length) were
placed into the intraperitoneal cavity. The infusion catheters
were positioned in the left and right upper quadrants of the
intraperitoneal cavity with an inside length of 40-80 cm. The
outflow catheters were placed in the pelvic cavity of the left
and right lower quadrants with the same length as the infusion
catheters. The ascites were extracted as completely as possible.
All perfusion catheters were fixed to the abdominal wall by
cutaneous sutures, as previously described (4).

HIPEC. HIPEC was performed using our self-developed
‘BR-TRG-I type high-precision hyperthermic intraperitoneal
perfusion treatment system’ (BR-TRG-I; Guangzhou Baorui
Medical Devices Ltd. Company, Guangzhou, China; www.
gzbrm.com), as previously described (4-7) (Fig. 3). This
device, the only one of its kind, was approved for use by the
State Food Drug Administration Firearms of China (approval
no. 2009-3260924).

The treatment temperature during HIPEC was measured
using the BR-TRG-I treatment system with temperature-moni-
toring probes at several locations: In the infusion and outflow
catheters; and at the peritoneal surface of pelvic cavity. The
vital signs of patients (blood pressure, heart rate, respiratory
rate and blood oxygen saturation) were assessed using the
‘multi-parameter patient-monitoring machine’ (G3HJ20025;
Shenzen Mindray Bio Medical Electronics Co.,Ltd., Shenzhen,
China).

HIPEC therapy consisted of three sessions. First, 0.9%
saline solution or 5% glucose, with a volume 500 ml greater
than the cavity (3,000-7,000 ml) was added to the custom infu-
sion bag and delivered via the infusion tubes over 90 min with a

Figure 1. Placement sites of infusion catheters and outflow catheters for
HIPEC during CRS surgery. (A) Placement sites of the infusion and outflow
catheters in peritoneal cavity during CRS surgery. (B) Placement sites of the
infusion and outflow catheters on peritoneal wall during CRS surgery. CRS,
cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

Figure 2. Placement sites of the infusion and outflow catheters for B-mode
ultrasound-guided HIPEC HIPEC followed by dCRS. Placement sites of
the infusion and outflow catheters on peritoneal wall d for B-mode ultra-
sound-guided HIPEC HIPEC followed by dCRS. The red clips mark the two
infusion catheters. The blue clips mark the two outflow catheters. The white
clips mark the loop circuit for HIPEC preparation. dCRS, delayed cytoreduc-
tive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

Figure 3. The BR-TRG-I type-high precision hyperthermic perfusion
intra-peritoneal treatment system and pipeline system. (A) The BR-TRG-II
type-high precision hyperthermic perfusion intra-peritoneal treatment
system; (B) pipeline system; and (C) temperature-monitoring probes. One tip
was put into infusion catheters or outflow catheters and one tip was connected
to the ‘BR-TRG-I type high-precision hyperthermic intraperitoneal perfu-
sion treatment system’. (D) Temperature-monitoring probe locations, red cap
mark location in the infusion catheters and blue cap mark location in the
outflow catheters. BR-TRG-II, BR-TRG-II type high-precision hyperthermic
intraperitoneal perfusion treatment system.
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velocity of 450-600 ml/min, and an in-flow temperature of 43°C
to achieve an interior abdominal temperature of 41.5-42.5°C.
The hyperthermic intraperitoneal chemotherapeutic agents
added into the perfusion fluid were docetaxel 75 mg/m?
(Jiangsu Aosaikang Pharmaceutical Co., Ltd., Nanjing, China)
for the first session and cisplatin 80 mg/m? (Jiangsu Haosen
Pharmaceutical Ltd., Nanjing, China, http:/www.hspharm.
cn/en/) for the second and third sessions. After the third HIPEC
session, all ascites was drained out and the infusion catheter
was removed. The outflow catheter was kept for 3-5 days as a
closed drainage catheter.

Follow-up. All patients were followed up till July 2015 or
mortality. Follow-up was performed at 1 and 3 months, and
then every 3-6 months thereafter for up to 1 year. After
1 year, follow-up was performed at 6-month intervals or less
frequently if the patient continued to remain without evidence
of disease. Abdominal and pelvic computed tomography were
obtained at 3, 6 and 12 months following treatment or when
clinically indicated. All patients received systemic chemo-
therapy using paclitaxel and cisplatin at the discretion of their
oncologist.

Remission from ascites and tumor progression was clas-
sified into three grades according to our previously modified
World Health Organization criteria on efficacy assessment in
malignant tumors: i) Complete remission (CR): Ascites are
completely absorbed after treatment, which is sustained for at
least 4 weeks; ii) partial remission (PR): Ascites are reduced
by 50%, which is sustained for at least 4 weeks; iii) no conse-
quence (NC): Ascites are not reduced obviously or increased
within 4 weeks after treatment (4-7). The Eastern Cooperative
Oncology Group performance status and Karnofsky perfor-
mance score (KPS score) were used to evaluate ascite
remission, and patient QOL (5,6). Objective remission rate
(ORR) for assessment remission of ascites, and the KPS score
for measure of functional impairment was performed on day 1
at the beginning of CSR and HIPEC treatment, and at 4 weeks
post-completion of all CSR and HIPEC treatment. Overall
survival (OS) was defined as the time between CRS+HIPEC
or dCRS+HIPEC completion and mortality. Disease-free
survival (DFS) was defined as the time between HIPEC or
dCRS+HIPEC completion and the recurrence of PC. Data
from the 4-week follow up after HIPEC+CRS were recorded
and used in statistical analyses. All patients were monitored
until mortality or December 2015.

Statistical analysis. Data were analyzed using SPSS 17.0
(IBM Corp., Armonk, NY, USA). All continuous data are
presented as mean + standard deviation and were analyzed
using the Student's t test (between groups) or the paired
t test (before/after therapy). Categorical data are presented as
frequencies and were analyzed using the chi-square test for
categorical variables and the independent two-way analysis of
variance (ANOVA) for continuous variables. Multiple group
comparison was conducted by one-way ANOVA followed
by the Bonferroni correction. OS and DFS were analyzed,
and compared using the Kaplan-Meier estimator method.
Differences in survival between groups were determined by
the log-rank test. P<0.05 was considered to indicate a statisti-
cally significant difference.
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Results

Characteristics of patients. A total of 1,293 female patients
with OC treated with CRS+HIPEC were included in the
current study, which included 1,225 patients (mean age,
54.3+2.6 years; range, 33-77 years) without/small ascites, and
68 patients (mean age, 54.0+2.9 years; range, 30-79 years)
with massive ascites. Age was comparable between patients
without/small ascites and patients with massive ascites
(P=0.100). The frequency of massive ascites was 5.3% in
patients with OC in the present study.

CRS and HIPEC during CRS (CRS+HIPEC) were
performed in 1,225 female patients without/small ascites and
in 46 patients with massive ascites, but a good general condi-
tion. B-mode ultrasound-guided HIPEC was performed in
22 patients with massive ascites and a poor general condition,
and delayed CRS was performed once their general health
condition improved (Table I).

Characteristics of ascites. Among the 68 patients with
massive ascites, the amount of ascites ranged between 2,000
and 6,500 ml, with a mean amount of 3,532+379 ml, as
confirmed by exploratory laparotomy drainage or by B-mode
ultrasound-guided paracentesis drainage. Free cancer cells
were observed in 57.4% (39/68) of massive ascites (Table I).

In the good condition group, the amount of ascites
ranged between 2,000 and 4,600 ml, with a mean amount
of 2,650+232 ml, as confirmed by exploratory laparotomy
drainage. Free cancer cells were observed in 56.5% (26/46)
of massive ascites. In the poor condition group, the amount
of ascites ranged between 3,200 and 6,500 ml, with a mean
amount of 3,953+360 ml, as confirmed by paracentesis
drainage guided by B-mode ultrasound. Free cancer cells were
observed in 59.1% (13/22) of massive ascites. The amount of
ascites between the two groups was significantly different
(P=0.010), whereas, no significant differences in the rate of
free cancer cells positivity was observed between the two
groups (P=0.080; Table I).

Remission for malignant ascites. For 68 patients with massive
ascites, all symptoms exhibited ascites regression after
HIPEC, for a total ORR of 100%, even for patients in the poor
condition group. There were no cases of complete eradication
of following HIPEC. There were no cases of unfeasible CRS
among patients in both groups. No significant differences in
ascites ORR rates were observed between the good and poor
condition groups (P=0.100; Table I). Imaging and clinical
examinations confirmed complete CRS in 58 patients. The
10 patients who underwent incomplete CRS exhibited no
recurrence of malignant ascites during follow-up.

Changes in KPS score. In the present study, there were signifi-
cant differences in KPS scores (P<0.01) between patients
without/small malignant ascites and patients with massive
malignant ascites prior to treatments. However, there were no
significant differences in KPS scores between before treat-
ment and after treatments (P=0.080).

Among the 1,125 patients with OC, but without/small
ascites, KPS scores increased from 73.9+4.8 before treatment
to 74.1+5.3 after treatment. There was a significant difference
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Table I. Analyses of the general condition of OC patients with malignant ascites treated with CRS + HIPEC.

Patients with ascites (n=68)

Patients without

Category ascites (n=1,225) CRS + HIPEC (n=46) dCRS + HIPEC (n=22) Total (n=68) P-value
Ages, years old 54.29+2.63 54.47+2.28 53.87+3.41 54.16+2.87 0.100
Pretreatment KPS score, % 73.98+4.8 52.8+3.1 36.2+3.7 48.9+2.3 0.001
Ascites, ml - 2650+332 3953+360 3532+349 0.010
FCC, % - 56.52 (26/46) 59.09 (13/22) 57.35 (39/68) 0.080
PCI 18+1.4 (6-29) 21+1.3 (13-29) 13+1.1 (5-23) 17+£1.6 (5-27)  0.002

KPS scores, Karnofsky performance scale; FCC, free cancer cells; OC, ovarian cancer; PCI, peritoneal carcinomatosis index; CRS, cytoreduc-

tive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

in KPS scores before treatments in patients without ascites and
patients with massive ascites (P=0.001; Table II). Among the
68 patients with OC and massive ascites, KPS scores signifi-
cantly increased from 48.9+2.8 before treatment to 74.1+4.3
after treatment (P=0.001). In the good condition group, KPS
scores significantly increased from 52.8+3.1 before treatment
to 73.9+4.7 after treatment (P=0.001). In the poor condition
group, KPS scores significantly increased from 36.2+3.7 before
treatment to 74.6+3.9 after treatment (P=0.001). There were
significant differences in KPS scores between the good and
the poor condition groups at admission (P=0.001). However,
no significant differences were noted in KPS scores following
treatments (P=0.080; Table II).

CRS outcomes and PCI. Among the 1,225 patients with
OC without/small ascites, complete CRS was achieved in
1,063 patients with a complete CRS success rate of 86.8%
(1,063/1,225); incomplete CRS was achieved in 162 (13.2%;
162/1,225) patients without/small ascites (Table II). Among
patients with ascites, complete CRS was achieved in 58
(85.3%, 58/68) patients with primary OC and massive ascites,
while incomplete CRS was achieved in 10 patients (14.71%).
There were no significant difference in the success of CRS
between patients with ascites and those without/small ascites
(P=0.100).

In the good condition group, complete CRS was achieved
in 84.8% (39/46) of patients, and incomplete CRS was achieved
in 15.2% (7/46). In the poor condition group, complete CRS
was achieved in 86.4% (19/22) of patients and incomplete CRS
achieved in 13.6% (3/22). There were no significant differ-
ences in the success of CRS between the two groups (P=0.080;
Table II).

Among the 1,225 patients without/small ascites, the mean
PCI was 18.0+1.4 (range, 6-29). Among the 68 patients with
massive ascites, the mean PCI was 17.0+1.4 (range, 5-29).
There were no significant differences in the mean PCI between
patients without/small ascites and those with massive ascites
(P=0.080; Table I).

In the good condition group, the mean PCI was 21.0+1.3
(range, 13-29) before HIPEC. In the poor condition group, the
mean PCI was 13.0+1.1 (range, 5-23) as determined by CRS
2-4 weeks after HIPEC. There were significant differences in
the mean PCI between the two groups (P=0.002; Table I).

Adverse events due to HIPEC. Among the 1,225 patients with
OC without/small ascites, adverse events due to HIPEC were
observed in 101 (8.9%, 101/1,225) patients, including 98 (8.7%,
98/1,225) patients with grade IV (CTCAE) bone marrow
suppression (BMS) and three (0.3%, 3/1,125) cases of severe
renal failure (SRF) that required hemodialysis. Among the
68 patients with massive ascites, adverse events due to HIPEC
were observed in nine (13.2%, 9/68) patients, including six (8.8%,
6/68) patients with grade IV (CTCAE) BMS and three (4.4%,
3/68) cases of SRF that required hemodialysis. There were no
significant differences in adverse events between patients with
ascites and those without/small ascites (P=0.050; Table II).
Grade IV BMS was observed in four (8.7%, 4/46) patients
in the good condition group, and in two (9.1%, 2/22) patients
in the poor condition group. SRF was observed in two (4.4%,
2/46) patients in the good condition group, and in one (4.5%,
2/22) patient in the poor condition group. There were no signif-
icant differences in Grade IV BMS rates and SRF mobility
between the two groups (P=0.050). The grade IV BMS were
resolved after 1-3 weeks of granulocyte colony stimulating
factor treatment and SRF cases were resolved by hemodi-
alysis for >1 month. No other severe complications, including
visceral injury, abdominal incision infection, or adhesive
bowel obstruction, were observed following HIPEC (Table II).

Follow-up. The mean follow-up was 48 months (range,
7-98 months). The mean OS and DFS of patients without/small
ascites who had complete CRS were 58.0+1.6 months (range,
7-98 months) and 26.0+1.1 months (range, 8-52 months),
respectively. The mean OS of patients without/small ascites
was 15.0+0.8 months (range, 4-48 months) for those with
incomplete CRS. The median OS and DFS of patients with
massive ascites who had complete CRS was 56.0+1.5 months
(range, 7-96 months), and 28.0+1.2 months (range,
8-49 months), respectively. The mean OS of patients with
ascites was 15.0+1.0 months (range, 6-42 months) for those
with incomplete CRS. There were no significant differences
in mean OS and DFS between patients with ascites, and those
without/small ascites (P=0.060), but there were significant
differences in mean OS between patients with complete and
incomplete CRS (P=0.001; data not shown).

Inthe good condition group, the mean OS and DFES of patients
with massive ascites were 59.0+1.4 months (range, 8-89 months)
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Table II. Analyses of the clinical effectiveness and side effects in OC patients with malignant ascites treated with HIPEC.

Patients with ascites (n=68)

Category Patients without ascites (n=1,225) CRS + HIPEC (n=46) HIPEC + dCRS (n=22) Total (n=68) P-value
SR, months

oS 59+1.6 59+14 56+1.6 52+1.5 0.060

DFS 25+1.1 25+1.2 27+1.3 15.6x1.2 0.070
CRS, %

C-CRS 86.31 (971/1,125) 84.78 (39/46) 86.36 (19/22) 85.29 (58/68) 0.080

I-CRS 13.68 (154/1,125) 15.22 (4/46) 13.64 (3/22) 14.71 (10/68)  0.090
KPS score 75.9+4.7 73.9+4.7 74.6£3.9 74.1+4.3 0.080
Ascites CR, % 100 100 100 100 0.100
Side effects, %

BMS 8.71 (98/1,125) 8.70 (4/46) 9.09 (2/22) 8.82 (6/68) 0.050

SRF 0.26 (3/1,125) 4.34 (2/46) 4.54 (1/22) 441 (3/68) 0.010

OS, overall survival; DFS disease-free survival; KPS scores, Karnofsky performance scale; CR, complete remission; dCRS, delayed cyto-
reductive surgery; C-CRS, complete CRS; I-CRS, incomplete CRS; BMS, bone marrow suppression; SFR, severe renal failure; HIPEC,

hyperthermic intraperitoneal chemotherapy; OC, ovarian cancer.

and 25.0+1.2 months (range, 6-48 months), respectively. The
mean OS of patients with massive ascites was 15.4 months
(range, 7-49 months) for those with incomplete CRS. For
patients with massive ascites in the poor condition group, the
OS and DFS were 56.0+1.6 months (range, 6-83 months) and
27.0+1.3 months (range, 8-46 months), respectively. The median
OS of patients with massive ascites was 15.0+1.1 months (range,
6-46 months) for those with incomplete CRS. There were no
significant differences in median OS and median DFS between
the two groups (all P>0.05), but there was a significant differ-
ence in OS between patients with complete and incomplete CRS
patients (P=0.001; Table II).

Discussion

Ascites are frequently associated with PC originating from
advanced OC, and PC is a typical feature of cancer spread in
patients with primary advanced or recurrent OC, while distant
metastases are rare (1,2). CRS is the current standard therapy for
patients with OC and peritoneal metastases. However, whether
massive ascites affect the rate of complete CRS and prognosis
for patients with primary OC under HIPEC treatment is not well
defined. In the present study, optimal outcomes were achieved
for patients with primary OC using HIPEC combined with
CSR, as evidenced by the prolonged OS and DFS observed in
the subgroup of patients treated with this combined therapy.
These results suggest that massive ascites does not significantly
affect the rate of complete CRS and prognosis. HIPEC is effec-
tive in increasing the rate of complete CRS. CRS is suitable for
the majority of patients with primary OC and massive ascites,
including those with poor conditions.

At the Intracelom Hyperthermic Perfusion Therapy
Center, the first intention of CRS in patients with OC is always
to achieve complete CRS. Eisenkop er al (38) suggested that
a PCI of <15 is a determinant factor in achieving optimal
cytoreduction and that a PCI of >15 would invariably preclude

satisfactory surgical results. However, in the present study, the
mean PCI was 17, and complete CRS was achieved in >85%
of patients with OC and malignant ascites, which is consider-
ably higher compared with results previously published (38).
Di Giorgio et al (44), demonstrated that in patients with ovarian
carcinomatosis, a PCI of >15 does not invariably preclude
satisfactory surgical results, which is supported by the results
in the present study. Randle ez al (3), suggested that the pres-
ence of malignant ascites significantly decreased the chances
of achieving a complete CRS. In the present study, the success
rate of complete CRS was 86.8% in patients without/small
ascites, and 85.3% in patients with primary OC and malig-
nant ascites. These results suggest that massive ascites does
not affect the rate of complete CRS. In fact, a retrospective
analysis of the study by Randle et al (3), revealed that there
were numerous patients with digestive tract tumors, and that
the rate of complete CRS in patients with OC and malignant
ascites remained 100% (2). Therefore, the results presented by
Randle ef al (3), remain inconclusive for patients with OC.

Large ascites may affect respiratory and circulatory
functions, making the tolerance of these patients to CRS
and general anesthesia poor (4). B-mode ultrasound-guided
HIPEC only requires local anesthesia, has limited effects
on respiration and circulation compared with more invasive
surgeries, and may offer palliative improvement by controlling
ascites (4-7). In the present study, complete CRS was achieved
in 86.4% of patients with poor health condition after HIPEC
and there was no significant difference in the success rate of
complete CRS compared with patients with a good health
condition (84.8%). This study suggests that with the improve-
ment of the general condition after B-mode ultrasound-guided
HIPEC, treatment with dCRS may allow outcomes that are
similar to those of patients eligible for HIPEC during CRS.
These results revealed that HIPEC may provide a possibility
for complete CRS in patients with OC and ascites who are
initially ineligible for CRS.
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Previous studies have suggested that killing microscopic
tumors in the peritoneal cavity may be the major factor for
HIPEC controlling malignant ascites from PC (34,35,37).
However, studies with laparoscopic HIPEC and B-mode
ultrasound-guided HIPEC for the palliative control of malig-
nant ascites, leaving the majority of tumor burden unaddressed
following HIPEC, do not support this conclusion (3-9). In
the present study, all patients with massive ascites exhib-
ited ascites regression. The total objective remission rate
was 100% following CRS and HIPEC in all groups, which
included 22 patients in poor general condition in whom there
were no cases of PC being completely eradicated after HIPEC
confirmed by CRS, and 10 patients with incomplete CRS.
Malignant ascites rarely relapse until PC progression and
eventual mortality (4-7). Remission of ascites was completely
independent of resection status of PC suggesting that it is more
likely a function of HIPEC than CRS, or that HIPEC affects
the ascites by an unidentified mechanism (3). Further studies
are required to examine this issue.

Although CRS combined with adjuvant chemotherapy
initially appears effective for advanced OC, insofar as
high rates of patients achieve a good response, ~50% of
patients relapse within 5 years and DFS times rarely exceed
18 months (44). The present study reported that a median DFS
of 28 months and a median OS of 53.4 months is possible in
patients with primary OC treated by HIPEC combined with
CSR, even for patients with a poor general condition who are
initially ineligible for CRS. In the present study, the median
OS of patients with massive ascites from primary OC who
underwent complete CRS was 56 months, while incomplete
CRS resection led to an OS of 15 months. These results suggest
that CRS combined with HIPEC may prolong the median DFS
and OS of patients with primary OC and massive ascites,
but only in cases in which a successful complete CRS is
achieved. In addition, patients with OC and malignant ascites
with incomplete CRS exhibit a poor prognosis, as do patients
without/small malignant ascites treated by incomplete CRS.

The procedures presented in the current study have no
unacceptable toxic effects, except for grade IV BMS and
SRF (4-7). In the present study, no significant difference was
identified between patients with ascites and without/small
ascites in grade IV BMS (8.7 vs. 8.8%), but the SRF of patients
with massive ascites was significant higher compared with
that in patients without/small ascites (0.3 vs. 4.4%). At present,
there is a lack of understanding of the adverse effects of heat
stress combined with chemotherapeutic drugs.

The present study is not without limitations. The number of
patients with massive ascites was relatively small, limiting the
conclusions and in-depth analyses. Certain patients may have
been lost to follow-up, introducing a bias. Finally, the patients
were selected according to a criterion, introducing another
bias. Multicenter randomized controlled trials are necessary
to assess adequately the effect of HIPEC in patients with OC
and ascites.

In conclusion, ascites does not appear to affect the rate of
complete CRS and prognosis of patients with massive ascites
following HIPEC. Patients with OC and massive ascites still
have relatively high rates of complete CRS with a good prog-
nosis. CRS+HIPEC may prolong the median DFS and OS of
patients with primary OC, and massive ascites.
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