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Abstract

Introduction: Cytoreductive Surgery (CRS) with Heated Intra-
peritoneal Chemotherapy (HIPEC) is utilized for selected patients 
with peritoneal surface malignancies. Following the PRODIGE-7 
trial in 2018, CRS without HIPEC for colorectal carcinomatosis was 
proposed as equivalent in terms of outcomes without the adverse 
effects associated HIPEC. We examined the practice pattern and 
post-operative outcomes before and after the results of PRODIGE-7 
at a single academic center.

Method: We reviewed all patients who underwent CRS with or 
without HIPEC by our surgical oncology team between 2011 and 
2022. Cases were grouped into two time periods (1:2011-2018, 
2:2019-2022) before and after the results of PRODIGE-7 trial. Pri-
mary outcome of interest was the change in utilization of HIPEC 
with secondary outcomes of post-operative morbidity, readmis-
sion, and mortality within 90 days of surgery. 

Results: A total of 88 patients were included in this analysis; 
47 (55%) and 25 (29%) of whom had peritoneal metastases of ap-
pendiceal and colorectal origin, respectively. The median Perito-
neal Carcinomatosis Index (PCI) was 10 (interquartile range (IQR): 
4-18.5) and Completeness of Cytoreduction score was 0. 42 (48%) 
patients experienced morbidity within 90 days of CRS, most com-
monly gastrointestinal complications (16, 18%). The median length 
of stay was 8 days and there were 16 (18%) 90-day readmissions 
and 2 (2%) mortalities. 44 (90%) and 18 (56%) patients received 
HIPEC before and after PRODIGE-7, respectively. Their median PCI in 
time periods 1 and 2 were 8 (IQR: 3-17) and 13 (IQR: 3-19), respec-
tively. There was a reduction in the use of HIPEC among patients 
requiring major gastrointestinal (GI) visceral resections after 2018. 
Among patients who underwent colectomy, HIPEC was only used 
in 6 (26%) compared to 25 (57%) before 2018.  On multivariable 
analysis, postoperative adverse events were more likely for patients 
with PCI of 20+ (OR:13.62, 95% CI=2.09-88.57, p=0.006) and less 
likely for patients treated after PROIDGE-7 (OR:0.28, 95% CI=0.08-
0.98, p=0.047) and underwent HIPEC (OR:0.17, 95% CI=0.04-0.72, 
p=0.016). 

Conclusion: The results of PRODIGE-7 impacted patterns of 
practice of treating peritoneal surface metastases with reduction in 
the use of HIPEC among patients with higher PCI and those requir-
ing major GI visceral resections.Introduction

Peritoneal Metastasis (PM) is associated with cancer of the 
gastrointestinal, reproductive, and genitourinary tracts, with 
Colorectal Cancer (CRC) patients presenting with the most 
numbers due to the high incidence of this cancer [1]. Cyto-
reductive Surgery (CRS) for CRC is associated with improved 
survival for well-selected patients [2]. Heated Intraperitoneal 

Chemotherapy (HIPEC) is commonly used in combination with 
CRS for these patients [3]. Studies have demonstrated improved 
survival with this combination for patients with PM when com-
pared to systemic chemotherapy alone [3]. However, the role of 
HIPEC in this combination therapy and the proportion of ben-
efit it confers is an unanswered question. HIPEC is associated 
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with adverse effects which have been shown to significantly 
impact morbidity and mortality [4]. A multicenter study from 
four French speaking countries demonstrated reduced morbid-
ity and mortality only when patients with less extensive disease 
(peritoneal carcinomatosis index <20) were treated using CRS-
HIPEC. Thus, careful selection of candidates for HIPEC is re-
quired for optimal outcomes.

In the last few years, several randomized control trials have 
been conducted to evaluate the role of HIPEC in the treatment 
of CRC with PM. The PRODIGE-7 study compared survival of PM 
from CRC patients treated with CRS alone versus CRS-HIPEC [5]. 
The results of the PRODIGE-7 study failed to show improvement 
in overall survival among patients treated with CRS-HIPEC [5]. 
Next, PROPHYLOCHIP-PRODIGE-15 trial investigated the sur-
vival benefit of second look surgery plus HIPEC when compared 
to surveillance alone among patients with resected disease and 
high risk of peritoneal recurrence [6]. The 3-year recurrence free 
survival for patients from each arm of the study was equivalent. 
The COLOPEC trial assessed the utility of prophylactic HIPEC in 
patients at high risk of PM [7]. Patients with advanced CRC or 
perforated tumor without PM were randomized to receive ad-
juvant HIPEC followed by systemic chemotherapy or adjuvant 
systemic chemotherapy alone. The 18-month PM-free survival 
was equivalent for both arms in this study. 

University Hospitals Cleveland Medical Center is a tertiary 
care teaching hospital that developed a HIPEC program in 2011. 
Patient selection for this procedure has evolved over time due 
to the cumulative experience of surgical oncologists and the re-
lease of results from key clinical trials such as PRODIGE-7. We 
aimed to study our institutional experience with HIPEC focusing 
on the evolution in patient selection along with publication of 
these major HIPEC studies.

Methods

IRB Approval

Prior to data collection, approval was obtained from the in-
stitutional review board of the University Hospitals Cleveland 
Medical Center (STUDY20221444). 

Data Source

We retrospectively reviewed cases of adult patients who un-
derwent CRS with or without HIPEC by the surgical oncology 
team at the University Hospitals Cleveland Medical Center be-
tween 2011 and 2022. The demographic characteristics, tumor 
profile, pre-, intra-, and post-operative, and survival data were 
also recorded in the database. Comorbidities were document-
ed using Charlson Comorbidity Index (CCI) [8]. We limited our 
analysis to cases performed by a single surgical oncologist as 
more than 90% of these operations were performed by a single 
surgeon providing the best representation of evolving practice 
patterns over time.

Patient Characteristics

We stratified the entire patient sample into two time periods 
based on time of CRS. The first group consisted of patients who 
underwent CRS before the results of PRODIGE-7 trial (2011-
2018) whereas the second group consisted of those undergoing 
CRS after 2018 (2018-2022). The extent of peritoneal metasta-
ses was estimated using peritoneal carcinomatosis index (PCI) 
whereas completeness of cytoreduction score (CC score) was 
recorded to assess the extent of tumor eradication [9,10].

Outcome Measures

Our primary outcome of interest was the change in utiliza-
tion of HIPEC. The secondary outcome was any post-operative 
adverse event within 90 days of CRS-HIPEC, defined as any post-
operative morbidity, readmission, and mortality. 

Statistical Analysis

Clinicodemographic characteristics were compared using de-
scriptive statistics. Overall survival was defined as the time from 
the date of CRS-HIPEC to the date of last contact or death. Re-
currence-Free-Survival (RFS) was defined as the time from date 
of CRS-HIPEC to the date of first recurrence or death, whichever 
was earlier. A multivariable logistic regression model was com-
puted for factors associated with composite outcome of post-
operative morbidity within 90 days. The multivariable model 
was adjusted for factors significantly associated with the com-
posite outcome on univariable analysis (age, sex, CCI, before or 
after PRODIGE-7, HIPEC). Survival functions for each time were 
computed using Kaplan-Meier method and compared between 
those treated before and after PRODIGE-7 using log rank test. 

Results

A total of 88 patients underwent CRS with or without HIPEC 
between 2011 and 2022. Of these, 82 were operated on by a 
single surgeon. 67 (77%) patients underwent HIPEC, most com-
monly using mitomycin C (n=57, 85%). Among all patients, PM 
were most commonly of appendiceal (n=47, 55%) and colorec-
tal (n=25, 29%) origin. The clinicodemographic characteristics 
are summarized in Table 1. 

50 (57%) patients underwent CRS-HIPEC before PRODIGE-7 
and 38 (43%) were treated after PRODIGE-7. The median PCI 
and CC scores for all patients were 10 (interquartile range: 
4-18.5) and 0 (IQR: 0-1), respectively. The median PCI for pa-
tients who underwent CRS-HIPEC increased from 8 (IQR:3-17) 
to 13 (IQR: 3-19) after PRODIGE-7. There was a corresponding 
increase in median CC score from 0 (IQR: 0-0) to 1 (IQR:0-2) be-
tween these time periods. 

Figure 1A: Recurrence-Free Survival.

Figure 1B: Overall Survival.

https://spartairb.case.edu/IRB/sd/Rooms/DisplayPages/LayoutInitial?Container=com.webridge.entity.Entity%5bOID%5b9BD22CC460DA4242B0F352E741A89DB0%5d%5d
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Patient Selection for HIPEC

The characteristics of patients treated in the time period 
before and after PRODIGE-7 are summarized in Table 2. The 

proportion of patients undergoing HIPEC along with CRS de-
creased after PRODIGE-7 (n=44, 90% vs. n=18, 56%). There was 
corresponding reduction in the use of HIPEC among patients 
requiring major gastrointestinal (GI) visceral resections after 
PRODIGE-7. Among patients who underwent colectomy, HIPEC 
was only used in 6 (26%) compared to 25 (57%) among those 
treated before PRODIGE-7. The types of procedures that pa-
tients in our cohort underwent are summarized in the supple-
mental table (Table S1). 

Post-operative Adverse Events

The most common postoperative complications within 90 
days were ileus and obstruction (n=9, 10%) followed by forma-
tion of gastrointestinal abscess or fistula (n=5, 6%). Overall, 5 
(7%) patients required reoperation as well as readmission to the 
intensive Care Unit (ICU). 2 (2%) of the patients died within 90 
days of surgery. The post-operative outcomes are summarized 
in the supplemental table (Table S2).

Table 1: Clinicodemographic features of patients who underwent CRS 
between 2011 and 2022.

 Total Number of Patients 88

Age  n (%)

0-40 5 (6%)

41-50 20 (23%)

51-60 20 (23%)

61-70 32 (36%)

71- 11 (13%)

Sex 

Male 45 (51%)

Female 43 (49%)

Primary Site 

Appendiceal 47 (55%)

Colorectal 25 (29%)

Mesothelioma 10 (12%)

Small Bowel 2 (2%)

Gastric 1 (1%)

Unknown Primary Site 1 (1%)

Histology

Mucinous Adenocarcinoma 32 (38%)

Adenocarcinoma 27 (32%)

LAMN 10 (12%)

Epithelioid Mesothelioma 6 (7%)

Goblet Cell Adenocarcinoma 4 (5%)

Papillary Mesothelioma 3 (4%)

Signet ring cell adenocarcinoma 1 (1%)

Serous Carcinoma 1 (1%)

Prior Cytoreductive Surgery 

No 84 (95%)

Yes 4 (5%)

Charlson Comorbidity Index 

Median (IQR) 3 (2, 4)

Neoadjuvant Chemotherapy 

No 43 (48.9%)

Yes 43 (48.9%)

Unknown 2 (2.3%)

Response to Neoadjuvant Chemotherapy 

Stable 19 (48%)

Improved 14 (35%)

Progressed 7 (18%)

Time period of CRS  

Before PRODIGE-7 (2011-2018) 50 (57%)

After PRODIGE-7 (2019-2022) 38 (43%)

PCI range 

<10 40 (48%)

20-Oct 30 (36%)

>20 13 (16%)

PCI Median (IQR) 10 (4-18.5)

CC Score Median (IQR)  0 (0, 1)

HIPEC 67 (77%)

HIPEC Regimen 

Mitomycin C 57 (85%)

Doxorubicin + Cisplatin 9 (13%)

Cisplatin 1 (1%)

Table 2: Postoperative adverse events by time period.
 ɶ Before PRODIGE-7 (2011-2018)

 
CRS 

alone
CRS+HIPEC P-value

Total Number of Patients 5 (10%) 44 (90%)  

Any morbidity/mortality within 
90 days

5 (100%) 21 (48%) 0.026

Pulmonary

Pneumo/hemothorax 0 (0%) 1 (1%)  

Renal    

UTI 0 (0%) 1 (2%)  

Renal Failure 0 (0%) 0 (1%)  

Vascular

DVT/PE 1 (20%) 1 (2%)  

Gastrointestinal

Abscess/Fistula/Leak 0 (0%) 4 (2%)  

Ileus/Obstruction 1 (20%) 6 (24%)  

Persistent Diarrhea 0 (0%) 0 (0%)  

Infection 

Wound Infection/Dehiscence 0 (0%) 3 (7%)  

Blood loss 1 (20%) 1 (2%)  

Postoperative Bleeding requir-
ing invasive intervention

0 (0%) 0 (0%)  

Other Complications 2 (40%) 5 (14%)  

Reoperation 0 (0%) 3 (8%) 0.61

Readmission to ICU 1 (20%) 1 (3%) 0.049

Blood Transfusion 2 (40%) 9 (20%) 0.32

Readmission within 90 days 1 (20%) 7 (17%) 0.85

Mortality within 90 days 0 (0%) 1 (2%) 0.75

PCI score, median (IQR) 10 (6, 10) 8 (3, 17) 0.53

CC score, median (IQR) 0 (0,0) 0 (0,0) 0.62

Primary Site 

Appendiceal 4 (80%) 23 (52%) 0.54

Colorectal 0 (0%) 15 (34%)  

Gastric 0 (0%) 1 (2%)  

Mesothelioma 1 (20%) 4 (9%)  

Unknown 0 (0%) 1 (2%)  

Histology 

Adenocarcinoma 0 (0%) 16 (36%) 0.42

Mucinous Adenocarcinoma 4 (80%) 22 (50%)  

Mesothelioma 1 (20%) 3 (7%)  

LAMN 0 (0%) 1 (2%)  

Other 0 (0%) 2 (5%)  
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 B After PRODIGE-7 (2019-2022)
 CRS alone CRS+HIPEC P-value

Total Number of Patients 14 (44%) 18 (56%)  
Any morbidity/mortality within 
90 days

8 (57%) 5 (28%) 0.039

Pulmonary
Pneumo/hemothorax 0 (0%) 1 (20%)
Renal
UTI 0 (0%) 0 (0%)
Renal Failure 0 (0%) 1 (20%)
Vascular
DVT/PE 1 (12.5%) 0 (0%)
Gastrointestinal
Abscess/Fistula/Leak 1 (12.5%) 0 (0%)
Ileus/Obstruction 2 (25%) 0 (0%)
Persistent Diarrhea 0 (0%) 0 (0%)
Infection
Wound Infection/Dehiscence 0 (0%) 1 (20%)
Blood loss 2 (25%) 1 (20%)
Postoperative Bleeding requiring 
invasive intervention

0 (0%) 1 (20%)

Other Complications 2 (25%) 0 (0%)
Reoperation 1 (8%) 1 (6%) 0.83
Readmission to ICU 2 (18%) 1 (6%) 0.33
Blood Transfusion 3 (21%) 5 (28%) 0.68
Readmission within 90 days 4 (29%) 2 (11%) 0.21
Mortality within 90 days 1 (7%) 0 (0%) 0.25
PCI score, median (IQR) 14.5 (6, 21) 13 (3, 19) 0.35
CC score, median (IQR) 1 (0, 2) 1 (0, 2) 0.84
Primary Site 
Appendiceal 7 (50%) 10 (56%) 0.29
Colorectal 4 (29%) 5 (28%)  
Mesothelioma 0 (0%) 3 (17%)  
Small Bowel 1 (7%) 0 (0%)
Unknown 1 (7%) 0 (0%)  
Histology 
Adenocarcinoma 4 (29%) 4 (22%) 0.29
Mucinous Adenocarcinoma 4 (29%) 2 (11%)  
Mesothelioma 0 (0%) 3 (17%)  
LAMN 2 (14%) 6 (33%)  
Other 1 (7%) 3 (17%)  

Table 3: Factors associated with any morbidity/mortality within 90 
days of surgery.

Odds ratio 95% CI P-value
Age
0-40 Reference  
41-50 1.67 0.09 31.78 0.732
51-60 3.73 0.19 74.01 0.388
61-70 2.17 0.11 43.84 0.614
71-100 3.99 0.14 115.07 0.42
Sex
Male Reference
Female 0.33 0.1 1.04 0.058
Charlson-Comorbidity Index
Per point 0.93 0.7 1.22 0.591
PCI Score
<10 Reference
10-20 1.85 0.58 5.87 0.297
>20 13.62 2.09 88.57 0.006
Time Period
Before PRODIGE-7 Reference
After PRODIGE-7 0.28 0.08 0.98 0.047
HIPEC
No Reference
Yes 0.17 0.04 0.72 0.016

On multivariable analysis, postoperative adverse events 
were more likely for patients with PCI of 20+ (OR:13.62, 95% 
CI=2.09-88.57, p=0.006) and less likely for patients treated after 
PROIDGE-7 (OR:0.28, 95% CI=0.08-0.98, p=0.047) and under-
went HIPEC (OR:0.17, 95% CI=0.04-0.72, p=0.016) (Table 3).

Survival

As shown in Figure 1A, patients treated before and after 
PRODIGE-7 demonstrated equivalent RFS (median RFS: 14.3 vs. 
18.5 months, p=0.357). The median OS for those treated before 
PRODIGE-7 was 86.6 months (Figure 1B). Patients treated af-
ter PRODIGE-7 did not reach a median for OS due to the short 
follow-up time. 

Discussion

For some providers, the results of the key clinical trials such 
as PRODIGE-7 have called into question the role of HIPEC in 
treatment of PM. Patient selection has evolved over time since 
the development of a HIPEC program at our institution in 2011. 
In this study, we analyzed our institutional usage of HIPEC over 
time and found there was an overall reduction in HIPEC usage, 
most pronounced for patients with higher PCI and those requir-
ing major GI visceral resection. 

Recently published randomized trials (PRODIGE-7, PROPHY-
LOCHIP and COLOPEC) have demonstrated no survival benefit 
with the addition of HIPEC to CRS for patients with colorectal 
cancer. These trials were limited by their use of a 30-minute 
Oxaliplatin HIPEC regimen, inappropriate overall survival end-
points, and patient selection with respect to their disease bur-
den [2]. Systemic Oxaliplatin is known to induce chemoresis-
tance to HIPEC [11] and is associated with higher rate of major 
complications which may worsen the outcomes [12,13]. More-
over, 30 minutes is a suboptimal duration for microscopic tu-
mor eradication given cytotoxicity of chemotherapeutic agents 
correlates with duration and temperature of exposure [14-16]. 
The results of these trials negatively influenced global practice 
pattern of CRS-HIPEC [17]. The number of patients undergoing 
HIPEC for PM declined in most countries and HIPEC was tak-
en off national guidelines in some of them [17]. However, in a 
survey from 19 different countries, most experts still remained 
confident in the role of HIPEC for the treatment of colorectal 
PM despite the results of PRODIGE-7 [17].

The aforementioned trials caused a shift of expert opinion 
towards the use of Mitomycin C HIPEC regimens with a lon-
ger duration of infusion (60-100 minutes) [17]. Mitomycin C 
is known to have a favorable safety profile when compared to 
Oxaliplatin and shows a rapid rise in tissue concentrations in 
residual tumor deposits over prolonged periods [13,18]. The 
HIPECT4 trial aimed to address this debate by randomizing pa-
tients with locally advanced CRC (cT4N0-2M0) patients at high 
risk of PM to surgery and prophylactic HIPEC or surgery alone 
arms [19]. This design was similar to the COLOPEC trial, with 
HIPEC regimen being the most significant difference (Mitomycin 
C in HIPECT4, oxaliplatin in COLOPEC). HIPECT4 demonstrated 
statistically significant improvement in locoregional control 
with HIPEC compared to surgery alone (97.6% vs. 87.6%). It is 
worth mentioning that only 67.9% of patients had pT4 tumors 
on final exam, which explains the relatively low rate of locore-
gional recurrence. While this trial was designed to investigate 
the impact of prophylactic HIPEC on the development of PM, 
it begs the question about the efficacy of a similar approach 
among patients with known PM.
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The Spanish GECOP-MMC is a multicenter trial currently en-
rolling patients to investigate the role of Mitomycin C HIPEC reg-
imen in preventing peritoneal recurrence among patients with 
a limited disease burden [20]. 

With the use of recurrence-free survival and exclusion of 
patients not achieving complete cytoreduction, it is likely to 
correct the methodological flaws inherent to the design of 
PRODIGE-7. Additionally, the ongoing CAIRO 6 study is inves-
tigating the role of perioperative chemotherapy with HIPEC 
[21]. In the meantime, as results from these studies continue to 
develop, thoughtful decisions must be made regarding patient 
selection to optimize cancer outcomes and quality of life while 
minimizing morbidity and mortality.

Our study has several limitations. First, our study includes a 
relatively small sample size for patients undergoing CRS-HIPEC 
surgery due to the relative infrequency of the procedure. In ad-
dition to a small patient cohort, our study is limited to a single 
center which may not be reflective of surgical outcomes and 
practices at other institutions. Although we provided evidence 
for changes in patient selection pattern after PRODIGE-7, these 
conclusions may not be extrapolated to other hospitals since 
patient selection is at the discretion of the surgeon perform-
ing the CRS-HIPEC procedure. The controversial results of the 
PRODIGE-7 trial limits the generalizability of our study results 
since different practitioners may carry differing interpretations 
of PRODIGE-7 [22-24]. 

In conclusion, the role of HIPEC in treating patients with PM 
in conjunction with CRS remains inconclusive. After PRODIGE-7, 
there was a reduction in HIPEC usage at our institution for pa-
tients with higher PCI and those requiring major GI visceral re-
sections. 

Ongoing clinical trials will further clarify the role of HIPEC in 
the treatment of PM, and the impact of real-world practice pat-
terns remains to be seen.
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