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Abstract

Background: Around two thirds of patients with ovarian 
cancer present to clinical attention with advanced-stage 
disease in the form of peritoneal carcinomatosis (PC) or 
distant metastasis, which is correlated with a poor five-
year overall survival (OS) of less than 20%. The addition 
of hyperthermic intraperitoneal chemotherapy (HIPEC) 
to cytoreductive surgery (CRS) has been depicted to 
offer survival benefits in patients with PC arising from 
primary advanced ovarian cancer. However, no similar 
study was conducted from Saudi Arabia, specifically, or 
the Gulf region, generally. The primary aim of this study 
is to describe our pilot single-institutional experience 
(feasibility, safety and survival outcomes) with CRS plus 
HIPEC in managing PC arising from primary advanced 
ovarian cancer. 

Materials and Methods: A retrospective cross-sectional 
study was conducted at Department of Obstetrics and 
Gynecology, King Faisal Specialist Hospital & Research 
Centre, Riyadh, Saudi Arabia. From January 2016 to July 
2019, the medical records of 16 eligible patients were 
reviewed for clinical, perioperative and survival data. 
Survival analyses of DFS were calculated according to the 
Kaplan-Meier estimates method and compared by using 
two-tailed log-rank test. Statistical significance was 
regarded as a p value <0.05.

Results: Cytoreduction completeness CC-0 (optimal) 
and CC-1 (suboptimal) were achieved in 10 (63%) and 
six (37%) patients, respectively. The median peritoneal 
cancer index (PCI) score was 11 (range: 6-18). Nine 
patients (56%) received combination cisplatin (50 mg/m2) 
plus doxorubicin (15 mg/m2) as HIPEC regimen whereas 
the remaining seven patients (44%) received intense 

single-agent cisplatin (100 mg/m2). No intraoperative 
morbidity or mortality occurred. Four patients (25%) 
developed grade III-IV postoperative adverse events 
based on the Clavien-Dindo surgical complications; no 
patient developed HIPEC-related renal or hematological 
toxicities. The median hospital stay was 13 days (range: 
11–40). The median follow-up time was 16 months 
(range: 7-43). The mean OS and DFS were 38.7 
months (95% confidence interval [CI]: 31.7–45.6) and 
28.4 months (95% CI: 20.7–36.0), respectively. Eleven 
patients were alive and disease-free (69%). Disease 
recurrence occurred in five patients (31%). One patient 
died 30 months after CRS plus HIPEC due to distant brain 
metastasis. Univariate analysis of parameters related to 
DFS showed that advanced stage IV disease (p = 0.01), 
suboptimal CC-1 cytoreduction completeness (p = 0.01) 
and >11 high PCI score (p = 0.03) were independent 
factors associated with statistically significant poor DFS.

Conclusions: CRS plus HIPEC is technically feasible, 
largely morbid-free and correlates with enhanced 
survival outcomes in patients with primary advanced 
ovarian cancer.

Keywords: Cytoreductive surgery, hyperthermic 
intraperitoneal chemotherapy, peritoneal carcinomatosis, 
ovarian cancer, primary locally advanced, Saudi Arabia
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Introduction
Ovarian cancer (OC) is the foremost source of cancer-

related deaths among all types of gynecologic malignancies 
[1]. Unfortunately, around two thirds of patients with OC 
present to clinical attention with advanced-stage disease 
in the form of peritoneal carcinomatosis (PC) or distant 
metastasis, which is correlated with a poor five-year 
overall survival (OS) of less than 20% [2]. Moreover, more 
than half of the patients with OC develop recurrence 
after an initial standard treatment with cytoreductive 
surgery (CRS) and adjuvant systemic platinum-based 
chemotherapy [3].

The optimal management of PC arising from 
primary OC remains a point of controversy [4]. CRS plus 
hyperthermic intraperitoneal chemotherapy (HIPEC) 
have been employed in a select series of patients with 
PC arising from primary advanced OC, and the findings 
have demonstrated therapeutic advantages in terms of 
improved disease-free survival (DFS) and OS [5-11]. No 
similar study was reported from Saudi Arabia up till now, 
specifically, or the Gulf region, generally. 

Therefore, the purpose of the present study is to 
describe our single-institutional experience (feasibility, 
safety and survival) with CRS plus HIPEC in the 
management of PC arising from primary advanced OC.

Patients and Methods
The retrospective study was conducted at Department 

of Obstetrics and Gynecology, King Faisal Specialist 
Hospital & Research Centre, Riyadh, Saudi Arabia. The 
study protocol was approved by the respective Ethical 
Committee. 

From January 2016 to July 2019, the medical records 
of all patients with PC arising from primary OC and 
treated with CRS plus HIPEC were reviewed for clinical 
and survival data.

Preoperative data included age, body mass index, 
date of surgery and previous treatments (surgery, 
radiotherapy and chemotherapy). Operative data 
included resected viscera, tumor grade, tumor stage, 
cytoreduction completeness (CC), peritoneal cancer index 
(PCI), HIPEC chemotherapy, use of ureteric stenting, 
operative time, estimated blood loss, intraoperative 
morbidity and intraoperative mortality. Postoperative 
data included follow-up duration, hospital stay, 60-day 
morbidity (Clavien-Dindo surgical complications) [12], 
60-day mortality, 60-day readmission, adjuvant therapy, 
recurrence and latest wellbeing status. 

CRS procedures were carried out as previously 
described by Sugarbaker [13]. PCI and CC scores were 

assessed intraoperatively by the operating surgeons [14]. 
The score of PCI was used to assess the extent of PC. 
The score of CC was used to assess the extent of residual 
tumor after completion of CRS. CC-0 (no gross residual 
disease) score was regarded as complete cytoreduction 
whereas CC-1 (up to 2.5 mm gross residual disease) 
score was regarded as near-complete cytoreduction.

Our HIPEC protocol had been previously described [15-

17]. Briefly, open-abdomen HIPEC technique was carried 
out at the completion of CRS. Options of HIPEC drugs 
included either single-agent cisplatin (100 mg/m2) or 
combination cisplatin (50 mg/m2) plus doxorubicin (15 
mg/m2) as per the endorsements of the multidisciplinary 
gynecologic oncology and medical oncology team. HIPEC 
drugs were circulated in the abdominopelvic cavity for 
90 min at 42 °C.

Postoperatively, a number of patients was administered 
adjuvant chemotherapy of paclitaxel plus carboplatin as 
deemed appropriate by the multidisciplinary gynecologic 
oncology and medical oncology team.

Data were reported as numbers and percentages 
(%) or medians and standard deviations (SD). Wherever 
applicable, ranges (minimum–maximum) were reported. 
Two-tailed Mann-Whitney U test was used for univariate 
analysis of numerical data whereas two-tailed Chi-square 
test was used for univariate analysis of categorical data. 
DFS was calculated from the day of CRS plus HIPEC to the 
time of local/distant disease progression or last date of 
follow-up, whichever comes first. OS was calculated from 
the day of CRS plus HIPEC to the time of death or last date 
of follow-up, whichever comes first. DFS and OS rates 
were expressed as means with 95% confidence intervals 
(95% CI), and calculated according to the Kaplan-Meier 
method and compared by using the two-tailed log-rank 
test. Univariate analysis of DFS was performed using the 
Cox proportional hazards model to assess the impact of 
several prognostic variables (age, tumor stage, tumor 
grade, PCI score and CC score) in predicting DFS. All 
statistical analyses were completed using the Statistical 
Package for Social Sciences (SPSS) software version 21 
for Windows (SPSS Inc., Chicago, IL, USA). p values < 0.05 
were determined to be statistically significant. 

Results
Sixteen patients met the study inclusion criteria. 

Table 1 depicts the patients’ demographics. The median 
age ± SD was 57 ± 12 years (range: 26-72). The vast 
majority of patients were ≥ 50 years of age (69%), had 
stage-III tumor (75%), exhibited high-grade papillary 
serous tumor histology (81%) and received neoadjuvant 
chemotherapy with paclitaxel plus carboplatin (81%).
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Table 2 displays the patients’ operative details. 
The top three resected viscera were total abdominal 
hysterectomy with bilateral salpingo-oophorectomy 
(TAH+BSO, 94%), omentectomy (88%) and falciform 
ligament resection (69%). Optimal (CC-0) and suboptimal 
(CC-1) resections were achieved in 10 (63%) and six 
(37%) patients, respectively. The median PCI score ± SD 
was 11 ± 4 (range: 6-18). The median operative time ± 
SD was 7 ± 1 hours (range: 7-10). A sum of 11 patients 
(69%) received bilateral ureteral stenting. Nine patients 
(56%) received combination cisplatin (50 mg/m2) plus 
doxorubicin (15 mg/m2) as the HIPEC regimen whereas 
the remaining seven patients (44%) received intense 
single-agent cisplatin (100 mg/m2). No intraoperative 
morbidity or mortality occurred. 

Table 3 shows the patients’ postoperative details. 
Four patients (25%) developed grade III-IV postoperative 
adverse events. Specifically, grade III adverse events 
(19%) included rectovaginal fistula in one patient (6.25%) 
and abdominal collection in two patients (12.5%); all of 
which were managed with surgical exploratory laparotomy 
and drainage. Grade IV adverse events occurred only in 
one patient (6.25%) who developed atrial fibrillation and 
required admission to the intensive care unit for critical 
care management. No patient developed HIPEC-related 
renal or hematological toxicities. The median hospital stay 
± SD was 13 ± 8 days (range: 11–40) whereas the median 
follow-up time ± SD was 16 ± 12 months (range: 7-43). 
No 60-day readmission or mortality occurred. Eleven 
patients were alive and disease-free (69%). Disease 
recurrence occurred in five patients (31%); four of them 

Median age in years ± SD (range) 57 ± 12 (26-72)

Median body mass index (kg/m2) ± SD (range) 32 ± 7 (21-44)

Age

<50 years, n (%) 5 (31)

≥50 years, n (%) 11 (39)

Tumor grade

High-grade papillary serous, n (%) 13 (81)

Low-grade papillary serous, n (%) 3 (19)

FIGO stage

III, n (%) 12 (75)

IV, n (%) 4 (25)

Preoperative treatment

Radiotherapy, n (%) 0 (0)

Chemotherapy, n (%) 13 (81)

Table 1. Demographics of patients (n=16).
BMI: body mass index; FIGO: International Federation of Gynecology 
and Obstetrics; SD: standard deviation

Table 3. Postoperative details after cytoreductive surgery (CRS) 
plus hyperthermic intraperitoneal chemotherapy (HIPEC).
SD: standard deviation

Table 2. Operative details of cytoreductive surgery (CRS) 
plus hyperthermic intraperitoneal chemotherapy (HIPEC).
HIPEC: hyperthermic intraperitoneal chemotherapy; TAH+BSO: total 
abdominal hysterectomy with bilateral salpingo-oophorectomy

Viscera resected

Appendectomy, n (%) 7 (43.8)

Splenectomy, n (%) 3 (18.8)

Omentectomy, n (%) 14 (87.5)

Peritonectomy, n (%) 4 (25)

Falciform ligament resection, n (%) 11 (68.8)

Urinary bladder resection, n (%) 1 (6.3)

Diaphragm resection, n (%) 3 (18.8)

Liver resection, n (%) 2 (12.5)

Small bowel resection, n (%) 4 (25)

Large bowel resection, n (%) 10 (62.5)

TAH+BSO, n (%) 15 (93.8)

Cytoreduction completeness (CC)

CC-0, n (%) 10 (63)

CC-1, n (%) 6 (37)

Peritoneal cancer index (PCI)

<11, n (%) 8 (50)

≥11, n (%) 8 (50)

HIPEC chemotherapeutic

Cisplatin (50 mg/m2) plus Doxorubicin (15 mg/
m2), n (%)

9 (56)

Cisplatin (100 mg/m2), n (%) 7 (44)

Ureteral stenting 

No 5 (31)

Yes 11 (69)

Median peritoneal cancer index ± SD (range) 11 ± 4 (6-18)

Median operative time (hours) ± SD (range) 7 ± 1 (7-10)

Median estimated blood loss (ml) ± SD (range) 400 ± 482 
(200-1800)

Intraoperative morbidity, n (%) 0

Intraoperative mortality, n (%) 0

Postoperative Clavien–Dindo complications
Grade III, n (%) 3 (19)

Grade IV, n (%) 1 (6)

Median hospital stay (days) ± SD (range) 13 ± 8, (11–40)

Median follow-up (months) ± SD (range) 16 ± 12 (7-43)

60-day readmission, n (%) 0 (0)

60-day mortality, n (%) 0 (0)

Postoperative radiotherapy, n (%) 0 (0)

Postoperative chemotherapy, n (%) 14 (88)

Recurrence, n (%) 5 (31)

Current status
Alive, no disease, n (%) 11 (69)

Alive, with disease, n (%) 4 (25)

Dead, n (%) 1 (6)
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were alive with disease at the last dates of follow-up (18, 
20, 27 and 41 months) whereas the remaining one patient 
died 30 months after CRS plus HIPEC due to distant brain 
metastasis.

Kaplan-Meier survival curves for OS and DFS of the 
entire cohort are portrayed in Figure 1 and Figure 2, 
respectively. For all patients, the mean OS and DFS were 
38.7 months (95% CI: 31.7–45.6) and 28.4 months (95% 
CI: 20.7–36.0), respectively. 

With regard to univariate analysis of parameters 
related to DFS, our data showed that advanced stage IV 
disease (p = 0.01), incomplete (suboptimal) cytoreduction 
of CC-1 (p = 0.01) and higher (> 11) PCI score (p = 
0.03) were factors associated with statistically significant 
poor DFS (Table 4). Kaplan-Meier survival curves for 

Figure 1. Kaplan-Meier survival curve for overall survival (OS) 
for all patients.

Figure 2. Kaplan-Meier survival curve for disease-free survival 
(DFS) for all patients.

Figure 3. Kaplan-Meier survival curve for disease-free survival 
(DFS) according to the International Federation of Obstetrics 
and Gynecology (FIGO) tumor stage.

Table 4. Univariate analysis of parameters related to disease-
free survival (DFS).
DFS: disease-free survival; FIGO: International Federation of 
Gynecology and Obstetrics. 
* Two-tailed log-rank test; statistical significance, P value <0.05

Mean DFS in years P value*

Age 0.22

<50 years 19.8

≥50 years 31.8

Tumor grade 0.19

Low-grade papillary serous 36.5

High-grade papillary serous 23.5

FIGO stage 0.01

III 31.7

IV 7.5

Cytoreduction completeness (CC) 0.01

CC-0 36.5

CC-1 17.7

Peritoneal Cancer Index (PCI) 0.03

<11 36.5

≥11 19.5

DFS according to FIGO disease stage, CC score and PCI 
score are shown in Figure 3, Figure 4 and Figure 5, 
respectively. In our study, we did not perform univariate 
analysis of parameters related to OS because death event 
occurred in only one patient. 
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Discussion
Owing to the peritoneal surface compartment serves 

as a natural barricade against systemic tumor spread 
[18], PC arising from OC is regarded as a loco-regional 
disease [16]. Although debatable, a multimodal treatment 
comprising CRS plus HIPEC has been investigated as a 
plausible loco-regional treatment strategy for primary OC 
with PC [5-11]. The principal rationale for this multimodal 
treatment is that CRS plus HIPEC join forces to eradicate 
macroscopic (gross) and microscopic (nonvisible) residual 
disease, respectively [18].

Our study showed a mean DFS of 28.4 months in 
patients who received CRS plus HIPEC. Due to the single-
arm protocol design, our study did not include a control 
group of patients without HIPEC. Nevertheless, an earlier 
study from our institute showed a median progression-free 
survival (PFS) of 11.9 months in patients who received CRS 

without HIPEC [19]. Accumulating high-quality evidence from 
literature suggest that HIPEC administration is correlated 
with better prognosis in patients with primary advanced OC 
[20-22]. In 2019, Zhang and colleagues conducted a meta-
analysis of 13 comparative studies (HIPEC versus no HIPEC) 
of patients with OC [20]. Subgroup analysis of patients with 
specifically advanced primary OC showed that the HIPEC 
cohort attained significantly superior OS (hazard ratio: 
0.59, 95% CI: 0.46–0.75) and PFS (hazard ratio: 0.41, 95% 
CI: 0.32–0.54) when compared to the non-HIPEC cohort. 
Similar results were reciprocated in other contemporary 
meta-analyses by Wu et al. and Wang et al. [21, 22]. 

Administration of HIPEC has several therapeutic 
advantages [23-27]. For instance, hyperthermia has been 
shown to: (i) exhibit direct cytotoxicity on cancer cells by 
prompting degradation of proteins, (ii) boost the anticancer 
cytotoxicity of chemotherapeutic drugs, (iii) enhance the 
efficiency of tissue penetration by chemotherapeutic 
drugs, (iv) impair DNA repair mechanisms, (v) induce 
programmed-cell death, (vi) activate heat-shock proteins 
that function as receptors for the natural killer cells, and 
(vii) disrupt angiogenesis. It is for all these advantages 
that HIPEC seems to be an appealing antitumor therapy. 

The Optimal HIPEC regimen in primary advanced 
OC with PC remains undefined [22]. In patients with OC, 
several HIPEC drugs have been employed as either 
single-agents or in combinations. Nevertheless, the 
selection of HIPEC drugs should be largely based on 
preclinical proof of heat-enhanced effects of the drug 
on cancer cells. Examples of such drugs include cisplatin 
and doxorubicin [28, 29]. Both drugs were utilized as HIPEC 
agents in our study. According to a recent review, cisplatin 
was the most frequently employed HIPEC drug, either as 
monotherapy or in combination with additional drugs, 
such as doxorubicin, paclitaxel or mitomycin-c [5].

Residual disease after CRS is a well-established 
prognostic marker of OS and DFS in patients with primary 
advanced OC [6-8, 30]. Thus, complete cytoreduction, 
whenever technically feasible, should be attempted and 
made the primary goal during the surgery. In our present 
study, CC-0 was accomplished in 63% of patients, and this 
proportion was closely similar to previous studies [6-8, 10, 30]. 
Bakrin and partners communicated superior median OS in 
primary advanced OC patients with CC-0 versus ≥ CC-1 
cytoreduction (41.5 versus 21.2 months, respectively; p 
= 0.005) [8]. Moreover, Munoz-Casares and colleagues 
communicated superior median OS in primary advanced 
OC patients with CC-0 versus ≥ CC-1 cytoreduction (93 
versus 21 months, respectively; p = 0.000) [6]. 

The median PCI score in our study was 11, and this figure 
paralleled the mean/median PCI scores reported in a large 
number of earlier studies ranging from 11 to 16 [6, 7, 9, 11, 30]. 

Figure 4. Kaplan-Meier survival curve for disease-free survival 
(DFS) according to the cytoreduction completeness (CC) score.

Figure 5. Kaplan-Meier survival curve for disease-free survival 
(DFS) according to the peritoneal cancer index (PCI) score.
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Our study showed that high (≥ 11) PCI score was a significant 
prognostic marker of DFS, and this finding mirrored earlier 
studies in which high PCI score negatively correlated with 
worse DFS and OS [6, 8, 30]. In a multivariate analysis, Bakrin 
and friends reported that high (> 15) PCI score was the 
single independent prognostic variable of DFS in 92 patients 
with primary advanced OC (hazard ratio: 2.51, p = 0.035) [8]. 
Similar results were also echoed elsewhere [7, 30]. We, the 
authors, believe that patients with high PCI scores should not 
automatically be excluded from undergoing CRS plus HIPEC. 
Two studies showed that administration of neoadjuvant 
chemotherapy could prove to be beneficial in downsizing 
the tumor (in terms of lowering the PCI score), and thus 
facilitating higher rates of attaining CC-0 cytoreduction [7, 10].

Our study showed CRS plus HIPEC to be technically 
feasible and safe with no procedure-related mortality 
(0%), and this finding was in harmony with earlier 
published studies [6, 10]. Conversely, mortality rates of 1.3% 
and 3.3% were reported by Cascales-Compos et al. [30] 
and Deraco et al. [11], respectively. 

With regards to morbidity, high-grade III/IV adverse 
events have been reported to range from 12.6% to 34.6% 
[6, 10, 11, 30]. The most frequently documented HIPEC-related 
complications comprised renal failure and leucopenia. On 
the other hand, the most frequently documented surgery-
related complications comprised bowel obstruction, 
pneumonia and surgical site infections [5]. In view of 
anticipated complex surgery and difficult intraoperative 
identification of ureters in some patients, we elected to 
consider bilateral ureteric stenting in 11 patients (69%). 
We previously reported that stenting of ureters could 
potentially mitigate the hazard of surgeon-induced 
ureteric injuries during CRS plus HIPEC procedures [31]. 
In our study, no patient developed HIPEC-related renal 
or hematological toxicities. However, four patients (25%) 
developed grade III-IV postoperative adverse events. 
Overall, our study showed CRS and HIPEC to largely safe 
and our rate of grade III-IV postoperative adverse events 
was similar to the published literature [6, 10, 11, 30].

Open and closed HIPEC techniques are equally used 
in literature [5]. Although the closed HIPEC technique is 
safer [32], in our study, we chose the open HIPEC technique 
for two main reasons. First, the open technique goes in 
line with the surgeons’ fellowship training and previous 
experiences [15-17]. Second, it allows for direct visualization 
of the HIPEC perfusate distribution in the abdomino-
pelvic cavity with an opportunity for manual agitation of 
the HIPEC perfusate, if needed. 

Our study has several strengths. First, from Saudi Arabia, 
we report the first ever study about the CRS plus HIPEC 
in the treatment of PC arising from primary advanced OC. 
Second, our study adds new knowledge, from a different 

geographical area, to the existing literature. Third, our 
study had an analysis of DFS and how it is impacted by 
some important clinico-pathological parameters. Fourth, 
our study suggests that CRS plus HIPEC may offer clinical 
and survival benefits as an upfront therapy in patients with 
primary advanced OC. Nonetheless, our study is not without 
limitations. Such limitations include the retrospective study 
design without a control group and the small sample size.

Conclusion
In conclusion, our pilot study showed that CRS plus 

HIPEC is technically feasible, largely morbid-free and 
correlates with enhanced survival outcomes in patients 
with primary advanced OC. 
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