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Abstract

Background and Objectives—The role of hyperthermic intraperitoneal chemoperfusion 

(HIPEC) in the multimodality treatment of ovarian peritoneal metastases (OPM) and primary 

peritoneal cancer (PPC) remains controversial. We hypothesized that cytoreductive surgery (CRS) 

and HIPEC would provide meaningful survival benefit without excessive morbidity.

Methods—We reviewed clinicopathologic and perioperative data following 96 CRS-HIPEC 

procedures for primary or recurrent OPM and PPC. Kaplan-Meier survival curves and multivariate 

Cox-regression models identified prognostic factors affecting oncologic outcomes.

Results—CRS-HIPEC was mostly performed for recurrent disease (56.3%) and high-grade 

serous carcinoma (72.9%). Platinum-based systemic chemotherapy was administered to 89.5% of 

patients, with 75.5% having platinum-sensitive disease at CRS-HIPEC. Complete macroscopic 

resection was achieved in 70.8% of patients. Clavien-Dindo grade 3/4 morbidity occurred in 

23.4% of patients; 3 patients died within 60-days postoperatively. Median overall survival from 

diagnosis of peritoneal metastases and CRS-HIPEC was 78 and 38 months, respectively. 

Completeness of cytoreduction, pathologic subtype and 30-day morbidity were independent 

predictors of survival in multiple regression analysis.

Conclusions—Our study demonstrates promising survival data and supports the role of HIPEC 

in the multimodality treatment algorithm for primary or recurrent OPM and PPC. However 

definite indications and timing of HIPEC need to be clarified by prospective studies.
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INTRODUCTION

The majority of patients with ovarian cancer (approximately 65–75%) present with 

advanced-stage disease (American Joint Committee on Cancer [AJCC] stages III and IV).(1) 

Metastatic disease confined to the peritoneal cavity (AJCC stage III) is the most common 

cause of treatment failure and death in patient with primary and recurrent ovarian cancer.(2, 

3) For advanced primary ovarian cancer limited to the peritoneal cavity standard therapy 

includes maximal cytoreductive surgery (CRS) of macroscopic disease, followed by 

adjuvant intravenous (IV) chemotherapy (usually carboplatin plus paclitaxel).(4) This 

multimodality approach achieves median survival of 41–57 months, 5-year survival rates of 

40–55% and long-term 10-year) survival rates of 20–25% following “optimal” cytoreduction 

(traditionally defined as < 1cm diameter residual after surgery).(4–8) However, percentage 

maximal cytoreduction is a major determinant of survival such that complete macroscopic 

resection has been shown to correlate with superior survival.(9)

The addition of intraperitoneal (IP) dwell chemotherapy to CRS and IV chemotherapy has 

been shown to delay recurrence in patients with “minimal residual disease” (< 1 cm diameter 

residual tumor nodules) after surgery, but more importantly it has been shown to increase 

long-term 10-year) cure rates in patients with “no residual macroscopic disease” after 

surgery. Data from randomized trials of IP dwell chemotherapy demonstrate median survival 

of 49–66 months and 5- and 10-year survival rates of 40–60% in patients with “no residual 

macroscopic disease” after surgery, while those with “minimal residual disease” achieve 

improved short-term survival (median survival 53 months and 5-year survival rate 45%), 

while 10-year survival remains lower (18%).(5–8, 10, 11) However, IP dwell chemotherapy 

has not been widely adopted due to complexity of administration, logistical issues, IP-

catheter associated complications, poor patient compliance, and poor tolerance due to 

increased toxicity.(10, 12)

Given the challenges and lack of acceptance of IP dwell chemotherapy, hyperthermic 

intraperitoneal chemoperfusion (HIPEC) has been evaluated in advanced stage III ovarian 

cancer with the aim to eliminate residual microscopic disease and thereby reduce disease 

recurrence and prolong survival. HIPEC is now widely performed following maximal CRS 

to treat peritoneal metastases from appendix cancer, colorectal cancer and malignant 

peritoneal mesothelioma and this combination has demonstrated survival benefit.(13–15) 

The benefits of HIPEC over IP dwell chemotherapy include 1) single treatment at the time of 

surgery with high-dose chemotherapeutic agents (20–1000-fold higher drug concentration); 

2) direct cytotoxicity of hyperthermia; 3) synergistic enhancement of chemotherapeutic 

effect by hyperthermia; and 4) intraoperative administration without the need for IP-catheter 

placement or postoperative IP treatments.(16, 17) CRS-HIPEC has been evaluated as first-

line therapy for ovarian PM in several small prospective phase I-II studies and some 

retrospective case series. These data demonstrate median survival of 27–78 months 

(weighted mean 37.6 months) and 5-year survival rates of 28–72% (weighted mean 40%).

(18–23) However, current consensus statements by international gynecologic cancer groups 

and the National Comprehensive Cancer Networks (NCCN) do not advocate for HIPEC as a 

standard therapeutic option for primary ovarian PM. A number of international randomized 
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trials of CRS-HIPEC are currently ongoing to evaluate its utility in advanced primary or 

recurrent ovarian cancer.(19)

Locoregional ovarian cancer recurrence confined to the peritoneal cavity occurs in over 65% 

of patients within 5-years, despite excellent response rates to maximal front-line 

multimodality therapy.(6) Pooled analysis of multiple retrospective studies and a recent 

meta-analysis demonstrate mean weighted median overall post-recurrence survival time of 

30 months following CRS for recurrent ovarian PM, with complete macroscopic resection 

identified as a major predictor of survival.(24, 25) IP dwell chemotherapy has not been 

studied in the setting of recurrent ovarian cancer. Published series of CRS-HIPEC for 

patients with recurrent platinum-sensitive ovarian PM report median survival of 23–62 

months (weighted mean 36.5 months) and 5-year survival rates of 18–57%.(18–20, 22, 23, 

26–28) Spiliotis and colleagues recently published the only randomized trial of CRS-HIPEC 

for recurrent ovarian PM and demonstrated improved median survival in the HIPEC-group 

(27 vs. 13 months).(29)

We conducted this study to assess perioperative and oncologic outcomes following CRS-

HIPEC as front-line therapy or following disease recurrence in a large cohort of patients 

with AJCC stage III ovarian peritoneal metastases (OPM) and primary peritoneal cancer 

(PPC) treated at a single high-volume center.

MATERIALS AND METHODS

From a prospective database we reviewed clinicopathologic and perioperative data of 96 

CRS-HIPEC procedures (93 patients) for ovarian peritoneal metastases (OPM) and primary 

peritoneal cancers (PPC) between 2002 and 2015. The study was approved by the University 

of Pittsburgh institutional review board, and all procedures were performed by surgeons with 

extensive experience in regional therapies. Patients were evaluated in our peritoneal surface 

malignancy clinic and discussed at our multidisciplinary tumor board to determine 

suitability for CRS-HIPEC. Intra-operatively, volume of disease was quantified by the 

peritoneal cancer index (PCI) as described by Sugarbaker; combining lesion size and tumor 

distribution in specific abdomino-pelvic regions.(30) Cytoreductive Surgery (CRS) was 

performed in accordance with techniques, described by Bao and Bartlett, to achieve 

complete cytoreduction. Completeness of cytoreduction (CC) score assessed the extent of 

residual disease at the end of surgical resection; CC-0: no visible residual disease, CC-1: 

residual tumors ≤ 2.5 mm, CC-2: residual tumors 2.5 mm to 2.5 cm; CC-3: residual tumors 

≥ 2.5 cm.(31) A standard institutional protocol for HIPEC was initiated following CRS to 

achieve a target intraperitoneal tissue temperature of 42°C for 100 minutes. Patients received 

either Mitomycin C (40 mg) or Cisplatin at 175 mg/m2. Postoperative morbidity was 

classified according to the Dindo-Clavien grading system.(32) Patients were categorized 

based on the platinum-free interval (i.e. interval between completion of last platinum-based 

treatment for the primary cancer and detection of relapse); patients with recurrence 

occurring > 6 months after treatment were considered platinum-sensitive; between 1–6 

months were platinum-resistant; and during treatment or within 1 month after treatment 

were platinum-refractory.(33) Indication for CRS-HIPEC was categorized as follows; initial 

treatment, if performed as the first surgical therapy for the primary (non-recurrent) disease; 
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interval treatment, if performed after neoadjuvant IV chemotherapy for the primary (non-

recurrent disease); consolidation treatment, if performed following initial CRS (with < 1cm 

residual disease) and adjuvant IV chemotherapy; secondary treatment, if performed 

following initial CRS (with > 1cm residual disease) and adjuvant IV chemotherapy; and 

recurrent treatment, if performed for recurrent disease.

Statistical analysis was performed using STATA-10 (College Station, TX). P-values <0.05 

were considered significant. Overall survival (OS) was calculated from the date of diagnosis 

of peritoneal metastases (for patients with PPC the date of diagnosis of the primary cancer 

was also considered the date of diagnosis of peritoneal metastases) or from CRS-HIPEC to 

the date of death. If a patient did not experience death, they were censored at the time of 

their last follow-up. Time to progression was calculated from the date of CRS-HIPEC to the 

date of tumor recurrence. If a patient did not experience progression or recurrence, they were 

censored on the date of their last follow-up or death. When progression or recurrence 

records were missing, and cancer could not be ruled out as a cause for death, these patients 

were included as having disease progression. Survival times were estimated using the 

Kaplan-Meier method. One patient was lost to follow-up and excluded from survival 

analyses. Proportional hazards Cox regression was used to examine both univariate and 

multivariate associations with mortality and progression. This was performed for two 

cohorts; the entire study population and for the ovarian high-grade serous cancer subgroup. 

In the univariate analysis we analyzed the following covariates for their effect on survival, 

including time-interval from diagnosis to PM, time-interval from PM until CRS-HIPEC, 

indication for CRS-HIPEC (initial or consolidation or secondary or interval or recurrent 

treatment), synchronous or metachonous PM, platinum-sensitivity (sensitive or resistant or 

refractory disease), duration of platinum-sensitivity (> 12 months or 6–12 months or < 6 

months), preoperative systemic chemotherapy, response to preoperative chemotherapy, PCI, 

CC-score, pathologic subtype and postoperative complications. All factors that were 

examined in univariate analysis were considered for entry into the model for multivariate 

analysis. Variables were selected for the final multivariate model based a combination of 

selection methods.

RESULTS

Clinical and treatment history prior to CRS-HIPEC at our institution

For patients with ovarian cancer, the majority had synchronous PM at the time of diagnosis 

(n=67, 76.1%), while the median time-interval between diagnosis of primary ovarian cancer 

and metachronous PM was 47.7 months (range 1.5–256.2 months). The median time-

interval from diagnosis of OPM until CRS-HIPEC at our institution was 17.4 months (range 

0.03–226.3 months).

Resection of the primary cancer (OPM and PPC) with or without tumor debulking had been 

performed previously in 74 patients (77.1%). Platinum-based chemotherapy was 

administered as part of initial treatment of the primary cancer in 85 patients (89.5%) and 

was not given to 7 patients with borderline mucinous tumors, 1 patient each with granulosa 

cell cancer and carcinosarcoma, and 2 patients with high-grade serous carcinoma. In 

addition, 14 patients (14.6%) received IP chemotherapy as part of initial treatment of the 
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primary cancer. Data regarding platinum-sensitivity at the time of CRS-HIPEC was available 

for 49 patients; 37 patients (75.5%) had platinum-sensitive disease; 11 patients (22.5%) had 

platinum-resistant disease, and 1 patient (2%) had platinum-refractory disease.(Table 1) 

Multiple drug regimens were administered for residual or recurrent disease to 50 patients 

(52.1%) prior to undergoing CRS-HIPEC at our institution. One patient underwent 3 HIPEC 

procedures at our institution, another had two, while one patient had undergone CRS-HIPEC 

prior to being treated at our institution.

Perioperative and histopathologic characteristics associated with CRS-HIPEC at our 
institution

CRS-HIPEC was performed for recurrent disease in 54 patients (56.3%), as interval 

treatment following neoadjuvant chemotherapy for primary (non-recurrent) disease in 20 

patients (20.8%), as initial treatment for primary (non-recurrent) disease without 

neoadjuvant chemotherapy in 14 patients (14.6%), as consolidation therapy in 5 patients 

(5.2%) and as secondary therapy in 3 patients (3.1%).(Table 1) Preoperative systemic 

chemotherapy (defined as chemotherapy given within 2 months prior to CRS-HIPEC for 

primary or recurrent disease was administered to 50 patients (52.1%), while postoperative 

systemic chemotherapy was administered to 58 patients (66.7%). Response to preoperative 

systemic chemotherapy (defined as improvement of imaging or CA125 level or symptoms) 

was evident in 25 patients (53.2%), where data was available. Eighty-eight (91.7%) CRS-

HIPEC procedures were performed for OPM, while 8 (8.3%) were performed for PPC. All 

PPC were high-grade serous carcinomas (n=8), while pathologic subtypes of ovarian cancer 

included serous carcinoma (low-grade= 1, high-grade= 62), mucinous carcinoma (borderline 

tumor= 10, carcinoma= 4), endometrioid cancer (n=1), clear cell cancer (n=1), 

carcinosarcoma (n=3), and granulosa cell tumor (n=6).(Table 1)

The median age at the time of CRS-HIPEC at our institution was 57.2 years (range 25.8–

84.4 years) and the median age-adjusted Charlson comorbidity index was 8 (range 6–14). 

Median PCI was 11 (range 0–30) and most patients had complete macroscopic resection 

(CC-0: 68; CC-1: 19, CC-2: 7, CC-3: 2 patients).(Table 1) The majority of patients received 

mitomycin C (81.3%) during HIPEC, while 18.8% received cisplatin. Clavien-Dindo 

morbidity (grades 1–4) occurred in 63 patients (66.3%) at 30 days, with major grade 3–4 

morbidity occurring in 23.4% of patients. Clavien-Dindo grade 3–4 renal complications 

occurred in 3 patients (16.7%) perfused with cisplatin, compared to 1 patient (1.3%) 

perfused with mitomycin C. Postoperative mortality occurred in 4 patients (4.2%) at 90 

days. Two deaths occurred in patients with high-grade serous carcinomas and one each with 

borderline mucinous tumor and mucinous adenocarcinoma.

Oncologic outcomes for patients undergoing CRS-HIPEC at our institution

The median estimated follow-up duration from CRS-HIPEC and diagnosis of PM for the 

study population was 89.6 and 114.6 months, respectively. At the time of analysis, 57 

patients (61.9%) had died and 73 patients (86.9%) had progressed.

For the entire study population (n=96), the estimated median OS calculated from CRS-

HIPEC was 38 months (95% CI 26.9, 53.7), while the estimated median OS calculated from 
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diagnosis of PM was 77.8 months (95% CI 56.1, 94.4). The probability of survival at 1-, 3-, 

and 5-years calculated from CRS-HIPEC was 82%, 53% and 36%, respectively. The 

probability of survival at 1-, 3- and 5-years calculated from diagnosis of PM was 97%, 76% 

and 57%. The estimated median PFS calculated from CRS-HIPEC was 13.3 months (95% 

CI 9.6, 19.9). The probability of PFS at 1-, 3-, and 5-years calculated from CRS-HIPEC was 

52%, 32% and 6%, respectively. Multiple regression analysis for OS in the entire patient 

population of this study demonstrated CC-score (p<0.001), pathology (p=0.001) and 

morbidity at 30 days (p=0.01) to be independent predictors.(Table 2) The estimated median 

OS by completion of cytoreduction was 41.8 months (95% CI 27.4, 68.9) for CC-0 

resection; 31.3 months (95% CI 11.1, −) for CC-1 resection; 34.4 months (95% CI 1, 56.2) 

for CC-2 resection; and 6.5 months (95% CI 3.9, 9.1) for CC-3 resection. The estimated 

median OS for patients without morbidity at 30 days was 50 months (95% CI 29.4, 104.6) 

and for those with morbidity was 35.5 months (95% CI 22.3, 53.7). The estimated median 

OS stratified by pathology was not reached for mucinous borderline tumor, low-grade serous 

carcinoma and granulosa cell carcinoma, while survival was 69.8 (95% CI −) months for 

endometrioid carcinoma, 39.2 months (95% CI 1.9, −) for mucinous carcinoma, 29.4 months 

(95% CI 24.8, 41.2) for high-grade serous carcinoma, 22.4 months (95% CI −,−) for clear 

cell carcinoma, and 17.8 months (95% CI 3.8, −) for carcinosarcoma.

For the ovarian high-grade serous carcinoma cohort (n=62), the estimated median OS from 

OPM was 58.3 months (95% CI 50.9 to 78.4 months), with OS probability at 3- and 5-years 

from OPM of 72.4% (95% CI 59.4% to 81.9%) and 48.8% (95% CI 34.8% to 61.3%), 

respectively. The estimated median OS from CRS-HIPEC was 26.4 months (95% CI 21.3 to 

41.2 months), with OS probability at 3- and 5-years from surgery of 43.1% (95% CI 29.5% 

to 55.9%) and 23.1% (95% CI 11.5% to 37%), respectively. The estimated median PFS from 

CRS-HIPEC was 9.6 months (95% CI 7.5 to 13.3 months), with PFS probability at 3- and 5-

years from surgery of 11.7% (95% CI 5.2% to 21.3%) and 3.9% (95% CI 0.8% to 11.6%), 

respectively. Multiple regression analysis for OS in the cohort of patients with ovarian high-

grade serous carcinomas demonstrated CC-score (p=0.001), and morbidity at 30 days 

(p=0.04) to be independent predictors, with no difference in survival related to platinum-

sensitivity, treatment of primary or recurrent disease, or administration/response to systemic 

chemotherapy prior to CRS-HIPEC.(Figures 1–4) By univariate analysis, we found no 

difference in OS in patients perfused with mitomycin C or cisplatin during HIPEC, however 

there was a trend towards higher postoperative complications (any grade) in the cisplatin-

perfused patients (76.9% vs. 46.9%, p=0.07).

DISCUSSION

Peritoneal metastasis without systemic dissemination is the major cause of treatment failure 

and death in ovarian cancer and PPC.(1) This provides a rationale for aggressive 

locoregional therapies to improve disease control and positively impact long-term survival. 

Randomized trials and meta-analyses have demonstrated delayed recurrence and improved 

long-term survival with the addition of IP dwell chemotherapy to standard therapy of CRS 

and IV chemotherapy for AJCC stage III ovarian cancer.(5–8, 11, 16) However IP dwell 

chemotherapy has not been widely adopted due to difficulty with administration and 

increased toxicity.(12) The addition of HIPEC to standard therapy of CRS and IV 
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chemotherapy has been evaluated as an alternative IP treatment strategy in prospective and 

retrospective studies, with results demonstrating survival advantage regardless of platinum-

sensitivity.(27, 29)

Our large single-institution study demonstrates median survival of 38 months (calculated 

form CRS-HIPEC) and 78 months (calculated from diagnosis of PM) in a heterogeneous 

group of patients with primary or recurrent OPM and PPC. Our survival data compares less 

favorably to some published studies of standard therapy (CRS and IV chemotherapy) while 

it is comparable or better than other series. (4–8, 18–23, 26–28) This disparity appears 

largely to be a result of differences in disease- and patient-specific inclusion criteria. For 

example, most of the randomized trials of standard therapy (CRS and IV ± IP 

chemotherapy) demonstrating median OS ≥ 50 months do not provide information regarding 

the extent of peritoneal disease burden (PCI or surrogate) and include patients with primary 

(non-recurrent) disease undergoing optimal CRS. Deraco and colleagues published a 

prospective phase 2 study of upfront CRS-HIPEC in highly selected OPM patients without 

prior chemotherapy or resection (similar to patients in clinical trials of standard therapy of 

CRS and IV chemotherapy) where they demonstrated median survival of > 60 months (61% 

5 year survival) and 30 months progression-free survival that is better than most trials of 

standard therapy.(21) Similar results were published by Fagotti and colleagues for highly 

selected patients with recurrent OPM undergoing CRS-HIPEC.(27) These data suggest that 

in highly selected patients, CRS-HIPEC may provide similar or perhaps better survival 

benefit over standard CRS and IV chemotherapy. On the other hand, Zhang and colleagues 

performed a pooled analysis of standard therapy (CRS and IV chemotherapy) for recurrent 

OPM in which 47% of the patients had localized disease recurrence (defined as ≤ 3 lesions) 

and demonstrated overall survival of 28 months, while survival for patients with multiple 

areas of recurrence (> 3 lesions) was only 20 months.(25) Our survival data compares 

favorably to this study (with similar inclusion criteria) suggesting that in patients with 

extensive peritoneal metastases addition of HIPEC to CRS may provide survival benefit.

Similar to previous publications, residual disease following CRS-HIPEC was an independent 

predictor of poor survival in this study of patients with OPM and PPC.(9, 25, 34–36) The 

negative impact of residual tumor nodules has been extensively reported for ovarian cancer 

and has led to a paradigm shift in surgical approach from “optimal CRS” being defined as < 

1 cm residual disease (“minimal residual disease”) after surgery to total macroscopic 

clearance (“no residual visible disease”).(37) Following an extensive review of published 

data for over 9000 patients undergoing CRS and IV chemotherapy for advanced ovarian 

cancer, Bristow and colleagues reported a 5.5% increase in median survival time for each 

10% increase in maximal cytoreduction.(9) Similarly, Chi and colleagues compared survival 

data at their institution in an earlier cohort of patients undergoing less aggressive CRS (54% 

of patients with residual disease > 1cm) and a later cohort of patients undergoing more 

aggressive CRS (20% of patients with residual disease > 1 cm) and found improved PFS and 

OS in the latter cohort.(36) Eisenkop and colleagues prospectively evaluated the impact of 

and interaction between extent of peritoneal disease and completion of cytoreduction in 408 

patients with stage IIIC OPM undergoing CRS followed by IV chemotherapy. While extent 

of disease and completion of cytoreduction were independent predictors of survival on 

multivariate analysis, the latter had a much stronger independent effect on survival.(35) du 
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Bois and colleagues performed a meta-analysis of 3120 patients from three prospective 

randomized trials undergoing CRS and IV chemotherapy for untreated advanced ovarian 

cancer. Interestingly, they found that the negative impact of incomplete macroscopic 

resection on survival far outweighed the impact of other biologic prognostic factors like age, 

performance status, histologic subtype, ascites and stage.(34) More recently, the importance 

of complete macroscopic resection was also highlighted in patients undergoing secondary 

CRS for recurrent ovarian cancer.(25) The importance of complete macroscopic resection 

cannot be over-emphasized in the setting of IP chemotherapy given the limited penetration 

of locally administered drug up to 3–5 mm.(38) In the randomized trial by Tewari and 

colleagues studying the benefit of IP dwell chemotherapy, while 5-year survival was no 

different with and without IP dwell chemotherapy, patients that achieved complete 

macroscopic resection demonstrated superior 10-year survival (50% vs. 33%).(8) This 

would suggest that improvement in our ability to eradicate residual disease translates into 

higher “cure” rates and supports aggressive locoregional therapy. This is also supported by 

the randomized control trial by Spiliotis et al. in which patients in the HIPEC-group 

undergoing CC-0 resection had 30.9 months median survival compared to 23.9 months for 

CC-1 resection and 12.1 months for CC-2 resection.(29) These data support a change in the 

surgical goals of OPM and PPC from “optimal CRS” (< 1 cm residual disease) to complete 

macroscopic resection. Once CC-0 resection becomes the standard of care, then the added 

value of additional therapies can be rigorously assessed.

The extent of peritoneal tumor burden has been shown to influence the ability to achieve 

complete macroscopic resection.(35) Since the vast majority of advanced ovarian cancers are 

high-grade serous carcinomas that are highly sensitive to systemic chemotherapy, 

preoperative systemic chemotherapy has been advocated to optimize resection, especially in 

patients with high tumor burden.(39, 40) Two randomized control trials demonstrated non-

inferiority of short-course neoadjuvant IV chemotherapy prior to CRS compared to up-front 

surgery with adjuvant IV chemotherapy in patients with stage IIIC and IV OPM and PPC.

(41, 42) Conversely, several published observational studies demonstrate worse survival in 

patients receiving neoadjuvant IV chemotherapy.(43–45) While selection bias may account 

for this discrepancy (since patients with borderline resectable disease and those with heavier 

disease burden may be more likely to receive neoadjuvant IV chemotherapy), the potential 

for selecting chemoresistant clones that are less obvious at surgical exploration may also 

lead to earlier recurrence and worse survival.(10) Current NCCN guidelines recommend 

neoadjuvant IV chemotherapy only for patients with high-volume disease who are not 

surgical candidates. In our study, the use of preoperative IV chemotherapy and response to 

chemotherapy did not influence survival. In addition, we did not demonstrate significant 

survival difference between patients with platinum-sensitive versus platinum-resistant/

refractory disease, which is in accordance with the larger multi-institutional analysis 

conducted by Bakrin and colleagues.(46)

Histopathologic subtype was an independent predictor of survival in our study. This is not 

surprising given that the various subtypes of ovarian cancer have been shown to have distinct 

predisposing risk factors, genetic aberrations, and altered cellular signaling pathways that 

influence their response to therapy and oncologic outcomes.(37, 47) Consistent with 

published data, our study demonstrated better survival for mucinous borderline, low-grade 
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serous carcinoma and endometrioid carcinoma, compared to those with high-grade serous 

carcinoma, clear cell carcinoma and carcinosarcoma. Finally, postoperative morbidity was 

an independent predictor of survival in our study and is consistent with prior studies of CRS-

HIPEC for a variety of malignancies.(48) This underscores the importance of balancing the 

potential benefits of aggressive multimodality therapy with the inherent risks associated with 

CRS-HIPEC. Moreover, our data would suggest against the use of cisplatin perfusion over 

mitomycin C given the lack of survival benefit and potential increased postoperative 

morbidity with cisplatin. In our study, Clavien-Dindo grade 3–4 renal complications 

occurred in three patients receiving cisplatin in the perfusate. These three renal 

complications occurred earlier in our series when we were using higher doses of cisplatin 

based on a phase 1 trial of HIPEC with cisplatin conducted by one of our authors while at 

the NIH (National Institute of Health) that demonstrated a maximum tolerated dose of 250 

mg/m2.(49) We serially reduced the cisplatin dose when we encountered renal toxicity at 

doses of 250, then 225 and 200 mg/m2. We have not encountered any further renal toxicities 

since we have used a dose of 175 mg/m2, although recent phase I studies of cisplatin have 

demonstrated maximum tolerated doses of 70–100 mg/m2.(50, 51) Aggressive fluid 

management is imperative to avoid renal toxicity, therefore in order to mitigate cisplatin-

induced renal toxicity, we use a perioperative protocol to flush the kidneys. This includes 

maintenance of urine output above 200 ml/hour during the operation and for the first 12 

hours postoperatively, followed by a urine output of 100 ml/hour for the next 12 hours; as 

well as administration of sodium thiosulfate bolus and 12 hour continuous infusion that 

starts prior to cisplatin perfusion. Though mitomycin has not shown significant efficacy via 

intravenous route in epithelial ovarian cancer, its use in cytoreductive surgery/HIPEC derives 

from regimens for gastrointestinal malignancies. At our institution, treatment with a 

platinum-containing agent is preferred for patients with platinum-sensitive EOC; however, it 

is more toxic than mitomycin C, particularly in regards to renal dysfunction. In patients who 

are known to be platinum-resistant or in whom performance status, medical comorbidities, 

or end-organ disease prohibit the use of a platinum-containing agent, mitomycin C is 

preferred. Our institution has previously shown success using mitomycin C for epithelial 

ovarian cancer patients.

Limitations of our study include the relatively small sample size, heterogeneity of the patient 

population and inherent bias associated with the retrospective nature of the data. There is 

also some missing data, especially for analysis regarding use of and response to preoperative 

IV chemotherapy, as well as platinum-sensitivity that may have biased the results. Finally, 

we can only infer any potential benefit from the addition of HIPEC to multimodality therapy 

since direct comparison to standard therapy (CRS + IV chemotherapy ± IP chemotherapy) 

was not performed.

CONCLUSIONS

In conclusion, our data demonstrate promising survival results in patients with primary or 

recurrent OPM and PPC undergoing CRS-HIPEC. The addition of HIPEC to standard 

multimodality therapy allows for regional delivery of chemotherapy, while overcoming some 

of the logistical issues and complications associated with IP dwell chemotherapy that have 

prevented its widespread use. Results from ongoing randomized trials of CRS-HIPEC for 
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primary and recurrent OPM and PPC will clarify the role of this aggressive locoregional 

approach.
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SYNOPSIS

Cytoreductive surgery with hyperthermic intraperitoneal chemoperfusion, as a 

component of multimodality therapy, provides meaningful survival in patients with 

primary or recurrent ovarian peritoneal metastases and primary peritoneal cancer, 

especially in patients experiencing complete macroscopic resection without postoperative 

complications.
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Figure 1. 
Kaplan-Meier survival curve for patients with ovarian high-grade serous carcinoma treated 

with multimodality therapy including cytoreductive surgery (CRS)-hyperthermic 

intraperitoneal chemoperfusion (HIPEC) and systemic chemotherapy (n=62). The estimated 

median overall survival from CRS-HIPEC was 38 months (95% CI 25.3 to 53.7 months) for 

CC-0 resection, 12.2 months (95% CI 4.9 to 21.3 months) for CC-1 resection, and 6.5 

months (95% CI 1.0 to 56.2 months) for CC-2/3 resection.

Magge et al. Page 15

J Surg Oncol. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Kaplan-Meier survival curve for patients with ovarian high-grade serous carcinoma treated 

with multimodality therapy including cytoreductive surgery (CRS)-hyperthermic 

intraperitoneal chemoperfusion (HIPEC) and systemic chemotherapy (n=62). The estimated 

median overall survival from CRS-HIPEC was 27.4 months (95% CI 22.3 to 47.9 months) 

for treatment of recurrent disease, and 53.7 months (95% CI 12.2 to - months) for initial 

treatment of the disease.
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Figure 3. 
Kaplan-Meier survival curve for patients with ovarian high-grade serous carcinoma treated 

with multimodality therapy including cytoreductive surgery (CRS)-hyperthermic 

intraperitoneal chemoperfusion (HIPEC) and systemic chemotherapy (n=62). The estimated 

median overall survival from CRS-HIPEC was 38.0 months (95% CI 21.3 to 68.9 months) 

for platinum-sensitive disease (“platsensitive”), and 37.2 months (95% CI 0.9 to 65.1 

months) for platinum-resistant or refractory disease (“platresistrefract”).
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Figure 4. 
Kaplan-Meier survival curve for patients with ovarian high-grade serous carcinoma treated 

with multimodality therapy including cytoreductive surgery (CRS)-hyperthermic 

intraperitoneal chemoperfusion (HIPEC) and systemic chemotherapy (n=62). The estimated 

median overall survival from CRS-HIPEC was 50 months (95% CI 25.7 to 104.6 months) 

for patients without 30-day postoperative morbidity, and 22.3 months (95% CI 12.5 to 28.4 

months) for patients with 30-day postoperative morbidity.
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Table 1

Clinicopathologic and perioperative characteristics at the time of CRS-HIPEC at our institution (n=96)

Reason for CRS-HIPEC; n (%) Recurrent disease 54 (56.3)

Interval 20 (20.8)

Initial 14 (14.6)

Consolidation 5 (5.2)

Secondary 3 (3.1)

Pathologic subtype; n (%) Ovarian high-grade serous carcinoma 62 (64.6)

Ovarian low-grade serous neoplasm 1 (1)

Mucinous borderline neoplasm 10 (10.4)

Mucinous adenocarcinoma 4 (4.2)

Clear cell carcinoma 1 (1)

Endometrioid carcinoma 1 (1)

Carcinosarcoma 3 (3.1)

Granulosa cell tumor 6 (6.3)

Primary peritoneal cancer (high-grade serous) 8 (8.3)

Platinum-sensitivity at the time of CRS-HIPEC; n (%) (n=49) Platinum-sensitive 37 (75.5)

Platinum-resistant 11 (22.5)

Platinum-refractory 1 (2)

Peritoneal cancer index; median (range) 11 (0–30)

CC-score; n (%) CC-0 68 (70.8)

CC-1 19 (19.8)

CC-2 7 (7.3)

CC-3 2 (2.1)

CRS-HIPEC: cytoreductive surgery-hyperthermic intraperitoneal chemoperfusion; CC: cytoreductive surgery
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