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Data for HIPEC in Colorectal 
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�Introduction

Peritoneal carcinomatosis (PC) is a common 
progression in the natural history of colorectal 
cancer (CRC). PC is present in 4–7% of patients 
at the time of initial diagnosis [1]. However, in 
patients who develop metachronous metastases, 
20% will develop PC, and of these patients 25% 
of them will have metastases confined to the peri-
toneal cavity [2]. Historically, PC from colorectal 
cancer was associated with a dismal prognosis, 
5.2–7 months median survival in the era of fluo-
rouracil-only treatment with significant morbid-
ity during that time [3].

Even in the era of modern chemotherapy, PC 
in patients with advanced colon cancer is associ-
ated with shorter overall survival. A 2016 pooled 
analysis of 10,533 pts. enrolled in phase III trials 
of systemic chemotherapy for metastatic colorec-
tal cancer found isolated peritoneal carcinomato-
sis was associated with a worse median survival 
than isolated metastases to any other site (16.3 
versus 20 months) and approximately the same 
median survival as multifocal nonperitoneal 
metastases (16.3 versus 15.7 months) [4]. Similar 

findings were reported in a second pooled 
analysis of patients in two phase III trials of 
systemic chemotherapy for patients with 
metastatic CRC. Overall survival was worse for 
patients with PC as compared to other metastatic 
disease, 12.7  months versus 17.6  months, and 
that peritoneal carcinomatosis was associated 
with also worse survival when stratified by 
chemotherapeutic regimen [5].

�Data for Survival Benefit with HIPEC

When regional therapy with cytoreductive 
surgery (CRS) and intraperitoneal chemotherapy 
(IPC) for peritoneal carcinomatosis from 
colorectal cancer was first proposed in the 1990s, 
multiple small case series suggested prolonged 
survival with CRS and IPC or hyperthermic 
intraperitoneal chemotherapy (HIPEC) [6]. 
However, due to the novelty and complexity of 
the procedure, it was only performed at a small 
number of expert centers and recruitment of 
patients for controlled studies was challenging. 
In the past decade, as more centers have begun 
performing regional therapy, studies with internal 
controls and large-scale multi-institution studies 
have suggested improved outcomes with this 
approach.

To date, only two randomized controlled trials 
comparing systemic chemotherapy to CRS and 
IPC have been completed. Between 1998 and 
2001, Verwaal et al. randomized 105 patients to 
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either to receive cytoreductive therapy and mito-
mycin C HIPEC or to receive standard of care 
systemic chemotherapy (fluorouracil with leu-
covorin) with palliative surgery for bowel 
obstruction as indicated. Overall survival for the 
experimental arm was 22.3  months versus 
12.6  months in the standard arm. Moreover, in 
patients without evidence of residual disease 
after surgery, median survival was 48 months [7].

One major criticism of the study is that the 
patients in the control arm received fluorouracil 
(5-FU) and leucovorin, standard of care at the 
time, but now no longer first-line chemotherapy. 
Advances in modern systemic chemotherapy 
have significantly improved the overall survival 
of patients with advanced CRC.  A recent ran-
domized controlled trial comparing surgery and 
IPC to modern systemic chemo alone recapitu-
lated the findings of Verwaal et al., demonstrating 
better survival with surgery and IPC than sys-
temic chemotherapy.

Forty-eight patients with confirmed CRC or 
appendiceal cancer and spread to two or more 
peritoneal sites without extra-abdominal metas-
tases were randomized to receive resection and 
CRS followed by early postoperative intraperito-
neal chemotherapy (EPIC) with 5-FU and leu-
covorin 3  hours postoperatively and then every 
4–5  weeks for a total of six treatments over 
6  months or to receive systemic chemotherapy 
with the FOLFOX (folinic acid, fluorouracil, and 
oxaliplatin) regimen for 6  months. The study 
ended prematurely due to slow accrual, but was 
sufficiently powered to draw significant conclu-
sions. Survival was better in the surgery arm than 
in the systemic chemotherapy arm, 54% versus 
38% 2-year survival, and 33% versus 4% 5-year 
survival. On multivariate analysis, it was found 
that surgical resectability was the only factor 
affecting survival, and the 5-year survival among 
patients with resectable disease median survival 
was 40 months with 5-year survival of 40% [8].

Two more recent nonrandomized studies 
compared outcomes in patients receiving CRS 
and HIPEC with those in patients receiving 
modern systemic chemotherapy alone and 
demonstrated a significant survival difference in 
patients who received CRS and HIPEC.

Elias et al. compared 48 prospectively evaluated 
patients with PC from CRC undergoing CRS and 
HIPEC with 48 retrospective matched controls 
who received only systemic chemotherapy. The 
experimental arm received induction therapy, 
complete resection (CCR0 or CCR1), and HIPEC 
with oxaliplatin with intravenous (IV) 5-FU 
potentiation. Both groups received a mean of 2.3 
lines of modern chemotherapy. Median survival 
for the HIPEC group was significantly longer than 
for the group receiving systemic therapy alone, 
62.7 versus 23.9 months. It is notable that these 
median survivals are quite long in comparison 
with other studies, and the patients in both groups 
were highly selected for age  <  65, low tumor 
burden, and lack of symptoms [9].

In 2010, Franko et al. published a case-control 
study of 105 patients at University of Pittsburgh 
Medical Center. Sixty-seven patients in the 
experimental arm underwent CRS and HIPEC 
with mitomycin C at two closely associated facil-
ities with the same physician team. These patients 
were matched with 38 controls with confirmed 
CRC peritoneal carcinomatosis who either 
refused CRS and HIPEC or were unable to 
receive it for logistical reasons. Patients in both 
arms received 5-FU and irinotecan. Median sur-
vival was longer for patients who underwent sur-
gery and HIPEC, 34.7 months versus 16.8 months 
for those who received systemic chemotherapy 
only. Again, the groups were not analyzed based 
on completeness of resection, but six patients 
included in the analysis of the experimental arm 
were noted to have R2 resections [10].

Two large multi-institution prospective studies 
from France were performed in the mid-2000s. 
These large-scale multicenter studies represent 
wide range of techniques, intraperitoneal and 
systemic chemotherapeutic regimens, and 
institutional expertise.

In 2004, Glehen et  al. published a “world 
tour” retrospective cohort study evaluating out-
comes in 506 patients with PC from CRC and no 
extra-abdominal metastases in patients who 
underwent CRS and HIPEC or EPIC from 28 
institutions on 4 continents between 1987 and 
2002. The institutions represented a range of vol-
ume and experience, with over half contributing 
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25 or fewer cases to the study. Median overall 
survival was 19.2 months, and survival of patients 
with complete resection was 32.4 months, while 
that for patients in whom complete resection was 
not possible was 8.4  months [11]. Five years 
later, Elias et al. published another retrospective 
multi-institution cohort study of 523 patients 
with the same selection criteria as those who 
underwent CRS and perioperative intraperitoneal 
chemotherapy between 1990 and 2007. In this 
study, median overall survival was 30.1 months, 
and median survival for complete resection was 
33 months versus 7 months in those patients for 
whom complete resection was not possible [12].

�Morbidity and Mortality

Cytoreductive surgery with HIPEC is traditionally 
associated with a high morbidity and perioperative 
mortality. The extensive nature of the surgical 
cytoreduction and exposure of fresh surgical 
sites, including bowel anastomoses, to 
concentrated chemotherapeutic agents may make 
this a challenging procedure with high risk of 
complication. The most common complications 
include gastrointestinal fistula, anastomotic leak, 
and hematologic toxicity.

A 2006 systematic review of morbidity and 
mortality from 10 studies across nearly two 
decades with patient numbers ranging from 18 to 
506 reported morbidity ranging from 23% to 
44% and mortality from 0% to 12% [13]. A meta-
analysis of 76 studies on HIPEC for CRC pub-
lished between 1993 and 2016 found a mean 
morbidity of 25–34% and mean mortality of 
2.8% [14].

In the two recent large multicenter studies out 
of France, mortality and morbidity were 3–4% 
and 23–31%, respectively. Elias et al. also found 
that high volume of treated patients had a lower 
rate of morbidity and mortality [11, 12].

It has been established that in some complex 
surgical procedures for advanced cancers, institu-
tion volume correlates strongly with morbidity 
and survival [15]; this may also be true for CRS 
and IPC for PC for CRC. Several single institu-
tion analyses of outcomes following CRS and 

HIPEC for peritoneal carcinomatosis of gastroin-
testinal (GI) origin have demonstrated lower 
complication rate and better survival with 
increasing experience. One study estimated the 
plateau of the learning curve at around 130 cases 
[16, 17].

Overall, while CRS and HIPEC have a high 
morbidity and mortality, it is comparable to other 
similarly extensive oncologic surgeries. 
Furthermore, complication rate and perioperative 
mortality appear to correlate with institutional 
experience, suggesting that as physicians and 
staff are more widely trained in cytoreductive 
therapy and intraperitoneal chemotherapy tech-
niques, overall complication rates may further 
decline.

�Data for Hyperthermia

The advantage of hyperthermia in intraperitoneal 
chemotherapy for colorectal cancer remains 
uncertain even in animal studies. Hyperthermia 
was added to intraperitoneal chemotherapy regi-
mens based on animal studies suggesting 
improved tumor penetration of chemotherapeutic 
agents and adjuvant thermotoxicity [18–20]. 
More recent animal studies, however, have dem-
onstrated no survival benefit from hyperthermia 
in addition to CRS or IPC [21].

No clinical studies directly examining the 
effect of hyperthermia have been completed. 
Several studies comparing HIPEC with other 
forms of intraperitoneal chemotherapy have been 
performed, which suggest no effect or minor 
advantage to hyperthermia; however, the differ-
ences in chemotherapeutic agent and technique 
between the hyperthermic and normothermic 
groups make strong conclusions difficult to draw 
(Table 9.1).

A retrospective cohort study by Cashin et al. 
examined 126 patients who were identified to 
have peritoneal disease from colorectal cancer. 
Of those, 69 underwent CRS and HIPEC with 
mitomycin C, oxaliplatin, or oxaliplatin and iri-
notecan, and 57 underwent CRS and sequential 
intraperitoneal chemotherapy with 5-FU. Ninety-
day mortality was identical between groups. The 
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Table 9.1  Hyperthermia trials

Study
Years of 
recruitment Comparison

Study 
size Study type Results

Cashin et al. 1996–2010 HIPEC versus IPC
HIPEC:
Mitomycin C 30 mg/m2 in 
peritoneal dialysis solution 
90 min at 41–42 ° C
or
Oxaliplatin 460 mg/m2 in 
50 mg/ml glucose 30 min at 
41–42 °C with concurrent IV 
5-FU 400 mg/m2 and 
leucovorin 60 mg/m2

or
Oxaliplatin 360 mg/m2 and 
irinotecan 360 mg/m2 in 50 mg/
ml glucose 30 min at 41–42 °C 
with concurrent IV 5-FU 
400 mg/m2 and leucovorin 
60 mg/m2

IPC:
5-FU 500–600 mg/m2 with IV 
leucovorin 60 mg/m2 once a 
day for 6 days. Eight cycles 
with 4–6 week intervals.

126 Retrospective 
cohort
Single center

On multivariate 
analysis, HIPEC was 
associated with longer 
overall survival
With CC0 resection, 
there was no difference 
in overall survival
No difference in 
90-day mortality

Elias et al. 1999–2002 HIPEC versus EPIC
HIPEC:
Oxaliplatin 460 mg/m2 in 
dextrose 30 min at 43 °C
EPIC:
Mitomycin C 10 mg/m2 in 
lactated Ringer’s day 0 and 
5-FU 650 mg/m2 from days 1 
to 4

46 Retrospective 
case-control
Single center

No difference in 
overall survival or rate 
of extraperitoneal 
disease recurrence
Rate of peritoneal 
recurrence was lower 
in the HIPEC group

Elias et al. 1990–2007 HIPEC versus EPIC
HIPEC:
Mitomycin 30–50 mg/
m2 ± cisplatin 50–100 mg/m2 
60–120 min at 41 °C
or
Oxaliplatin 360–460 mg/
m2 ± irinotecan 200 mg/m2 
30 min at 43 °C with IV 5-FU 
and leucovorin
EPIC:
Mitomycin (10 mg/m2) day 0 
and 5-FU (600 mg/m2) from 
day 1 to 4

523 Retrospective 
cohort
23 centers

No difference in 
survival

Gremonprez 
et al.

1999–2016 HIPEC versus EPIC
HIPEC
Oxaliplatin 200 mg/m2 in 5% 
dextrose 90 min at 41 ° C
or
Oxaliplatin 460 mg/m2 in 5% 
dextrose 30 min at 41 ° C
EPIC:
Same regimens at 37 ° C

146 Retrospective 
Propensity-
matched
Single center

No difference found in 
mortality or major 
morbidity
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HIPEC group demonstrated higher median over-
all survival and 5-year survival (34 months and 
40%) compared to the sequential IPC group 
(25  months and 18%). Multivariate analysis 
revealed the type of IPC was an independent 
prognostic factor, with better outcomes in patients 
who received HIPEC. In patients with CC0 resec-
tions, however, no significant difference in 
median survival was noted between HIPEC and 
sequential IPC groups (39  months versus 
32 months p = 0.3) [22].

Retrospective case-control study of 46 patients 
by Elias et al. matched 23 patients with CRC who 
underwent CRS and HIPEC with oxaliplatin and 
IV 5-FU with 23 CRC patients who underwent 
CRS with normothermic intraperitoneal (IP) 
mitomycin C and 5-FU EPIC on postoperative 
day 4. No statistically significant difference in 
mortality or survival was identified between the 
groups.

Peritoneal recurrence was significantly lower 
in the HIPEC group (26% versus 57% p = 0.03) 
[23]. In a follow-up multicenter study of 523 
patients by Elias et al., no difference in survival 
was noted between patients who underwent 
HIPEC and those who underwent normothermic 
EPIC [12].

To evaluate concerns that hyperthermia may 
increase perioperative complications, Gremonprez 
et al. performed a recently published propensity-
matched study comparing CRS followed by intra-
peritoneal oxaliplatin at either normothermia 
(38°) or hyperthermia (40°) in 146 patients and 
found no significant different in mortality, major 
morbidity, or anastomotic leakage [24].

�Data for Selection 
of Intraperitoneal 
Chemotherapeutic Agent

To date, it is unknown which agent or combination 
of agents is optimal for intraperitoneal 
chemotherapy for CRC. Centers of expertise have 
published studies using mitomycin C, irinotecan, 
oxaliplatin, and doxorubicin with apparent 
efficacy. Choice of agent is directed by physician 
preference, cost, availability, and prior patient 

exposure but no randomized trials comparing 
regimens for CRC have been conducted.

Four nonrandomized studies have been 
performed comparing IPC with oxaliplatin and 
mitomycin C in patients with PC from CRC 
receiving CRS and HIPEC, without a clear 
consensus (Table  9.2). Two studies found no 
significant difference in disease-free or overall 
survival between groups, one study found better 
outcomes with mitomycin C in patients with low 
disease burden and favorable histology, and the 
final study found better survival with oxaliplatin 
[25–27].

The largest study was performed by the 
American Society of Peritoneal Surface 
Malignancies which evaluated outcomes of HIPEC 
with mitomycin C versus oxaliplatin in 539 patients 
who underwent complete cytoreduction for PC 
from CRC. Median survival was the same between 
both groups, but when stratified based on Peritoneal 
Surface Disease Severity Score (PSDSS), an evalu-
ation of symptoms burden of disease and histology, 
patients with low severity scores (PSDSS I/II) were 
found to have better overall survival with mitomy-
cin C versus oxaliplatin (54.3 versus 28.2 months 
p = 0.012) [28].

Two nonrandomized studies have been 
performed comparing oxaliplatin and irinotecan. 
Quenet et  al. performed a prospective study on 
146 patients undergoing CRS and HIPEC for 
CRC.  Forty-three patients received oxaliplatin 
alone and 103 received oxaliplatin and irinote-
can; treatment was otherwise the same. No differ-
ence was found in in-hospital mortality, 
disease-free survival, or overall survival; a sig-
nificant difference in morbidity was noted in the 
group that received irinotecan as compared to 
oxaliplatin alone (52.4% versus 34.9% p = 0.05) 
[29]. Glockzin et al. compared outcomes between 
oxaliplatin and irinotecan in 32 patients with 
colorectal or appendiceal cancer who underwent 
CRS and HIPEC with CCR0/1 resections. There 
was no perioperative mortality and morbidity, 
and 3-year survival was not significantly different 
between groups [30]. These limited studies sug-
gest that intensification of oxaliplatin HIPEC 
may increase complications without added 

9  Data for HIPEC in Colorectal Cancer (T4 Lesions and Metastases)



106

Table 9.2  Chemotherapeutic agent trials

Study
Years of 
recruitment Comparison

Study 
size Study type Results

Hompes 
et al.

2004–2006 Oxaliplatin versus mitomycin C
Mitomycin:
Mitomycin 35 mg/m2 90 min 
41–42 °C
Oxaliplatin:
Oxaliplatin 460 mg/m2 30 min 
41–42 °C. IV folinic acid 20 mg/
m2. 5-FU 400 mg/m2 and 
leucovorin 20 mg/m2 IV given 
1 hour prior to HIPEC

95 Retrospective Corrected for extent of 
PC:
Higher postoperative 
complication rate in the 
mitomycin group
No difference found in 
intra-abdominal 
complication rate, 
recurrence-free survival, 
or overall survival

Leung
Et al.

1996–2015 Oxaliplatin versus mitomycin C
Oxaliplatin:
Oxaliplatin 350 mg/m2 in 
dextrose 30 min at 42 °C
Mitomycin:
Mitomycin 12.5 mg/m2 90 min at 
42 °C

201 Retrospective Median survival was 
longer with oxaliplatin

Van Eden 
et al.

2010–2016 Oxaliplatin versus mitomycin C
Mitomycin C:
Mitomycin 35 mg/m2 in Dianeal 
90 min at 42 °C
Oxaliplatin:
Oxaliplatin 460 mg/m2 in 
Dianeal 30 min at 42 °C. 5-FU 
400 mg/m2 and Leucovorin 
20 mg/m2 IV given 30 minutes 
prior to HIPEC

177 Retrospective No difference found in 
rate of postoperative 
complications, 
disease-free survival, or 
overall survival

Prada-
Villaverde 
et al.

2000–2012 Oxaliplatin versus Mitomycin C
Details of therapy not included

539 Retrospective With complete 
cytoreduction, no 
difference was found in 
overall survival

Quenet
et al.

1998–2007 Oxaliplatin versus oxaliplatin 
and irinotecan
Oxaliplatin + irinotecan:
Oxaliplatin 300 mg/m2 and 
irinotecan 200 mg/m2 dextrose at 
43 °C. 5-FU 400 mg/m2 and 
leucovorin 20 mg/m2 IV given 
1 hour prior to HIPEC
Oxaliplatin:
Oxaliplatin 460 mg/m2 in 
dextrose at 43 °C. 5-FU 400 mg/
m2 and leucovorin 20 mg/m2 IV 
given 1 hour prior to HIPEC

146 Retrospective No difference found in 
overall survival or 
recurrence-free survival
Lower overall morbidity 
rate in the oxaliplatin 
alone group

Glockzin 
et al.

2007–2010 Oxaliplatin versus irinotecan
Oxaliplatin:
Oxaliplatin 300 mg/m2 30 min at 
41–43 °C. 5-FU 400 mg/m2 and 
leucovorin 20 mg/m2 IV given 
30 minutes prior to HIPEC
Irinotecan:
Irinotecan 300 mg/m2 30 min at 
41–43 °C.
5-FU 400 mg/m2 and leucovorin 
20 mg/m2 IV given 30 minutes 
prior to HIPEC

32 Retrospective Overall survival was 
better in the oxaliplatin 
group
No difference found in 
grade 3–4 complications 
and 3-year survival
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benefit, but show little to recommend one agent 
over another.

�Data for IPC in Addition to CRS 
in CRC

The rationale for IPC following resection of gross 
disease is that chemotherapy will address resid-
ual microscopic disease, reducing recurrence and 
improving survival. Most studies have demon-
strated improved outcomes associated with the 
completeness of cytoreduction, without demon-
strating an added benefit from intraperitoneal 
chemotherapy. A randomized study in rats has 
shown improved outcomes with IPC plus CRS 
versus CRS alone [21]. Two randomized con-
trolled trials in humans have been performed, one 
ended prematurely due to poor accrual, and the 
other found the addition of HIPEC to CRS 
increased late postoperative complications with-
out providing a survival benefit.

A randomized trial started by Elias et al. was 
stopped prematurely due to poor accrual and sub-
ject rejection of randomization into the non-IPC 
arm. Thirty-five of 90 patients were recruited, of 
whom 16 were randomized to receive CRS with 
immediate IP mitomycin C and postoperative IP 
5-FU and 19 were randomized to receive CRS 
with systemic chemotherapy alone. Two-year 
survival was 60% in both groups; however, the 
EPIC group was notable for three postoperative 
deaths, more extensive peritoneal disease, and 
higher incidence of concomitant hepatectomy. In 
light of the limited size and premature conclu-
sion, no definitive conclusions can be drawn from 
this study [31].

The PRODIGE 7 trial recruited patients who 
had CRC and PC with metastases limited to the 
abdomen. All recruited patients underwent CRS, 
and of the patients with resection with residual 
tumor ≤1 mm, 133 were randomized to receive 
HIPEC with oxaliplatin potentiated with 5-FU 
and 132 were randomized to receive no 
IPC. Postoperative mortality and 30-day morbid-
ity were the same between groups, but 60-day 
morbidity was higher in the arm that received 
HIPEC compared to those undergoing CRS alone, 

24.1 versus 13.6%. Overall survival and relapse-
free survival were identical between groups [32] 
indicating that HIPEC with oxaliplatin is not an 
effective therapy for colorectal carcinomatosis; 
however, the median overall survival of almost 
4  years in both arms suggests that surgical out-
comes in selected patients are favorable.

�Future Directions: Proactive HIPEC, 
Second-Look Surgery, and PIPAC

Even in patients with colorectal cancer who do 
not present with advanced disease, peritoneal 
carcinomatosis has been reported in 2–19% of 
patients following curative surgery and on 
autopsy in 36–40% of patients who received 
curative surgery and succumbed to their disease 
[33]. In patients who do have recurrence after 
curative surgery, peritoneal carcinomatosis is the 
only site of disease in up to 25% [34].

Many investigators hypothesize that CRS and 
HIPEC are most efficacious in patients with lim-
ited disease where complete resection is possible 
[35]. Limited peritoneal disease, as defined by 
PCI (peritoneal cancer index) score, is also asso-
ciated with lower perioperative morbidity and 
mortality [12]. Therefore, early diagnosis and 
intervention for patients with peritoneal carcino-
matosis may improve long-term outcomes, and 
novel locoregional therapies are needed for 
patients with advanced and unresectable disease. 
This has led investigators to consider adjuvant 
HIPEC at the time of surgery or planned “sec-
ond-look” surgery with or without HIPEC for 
selected patients at high risk of peritoneal recur-
rences and to investigate pressurized intraperito-
neal aerosolized chemotherapy (PIPAC) for 
patients with unresectable PC.

Identification of patients at high risk of 
developing PC after curative resection has been 
based on retrospective analysis of outcomes. In a 
retrospective analysis of 8044 patients who 
underwent resection of colorectal tumors, Segelmen 
found emergency surgery, non-R0 resection, and 
pT4 and pN2 with lymphadenectomy to be 
associated with increased risk of recurrence with 
PC [36]. A systematic review of recurrent PC after 
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CRC resection was performed in 2013. All studies 
available had low-quality evidence, but 16 
informative nonrandomized clinical studies 
consisting of a total of 598 patients were identified. 
Synchronous PC, synchronous isolated ovarian 
metastases, and perforated primary tumor were 
identified as probable risk factors for the 
development of PC, but no other significant 
conclusions were able to be drawn [37].

To assess the utility of adjuvant IPC, Noura 
et al. reported on a nonrandomized comparative 
study of 52 patients with positive cytology on 
peritoneal lavage but no macroscopic evidence of 
PC. Thirty-one of the 52 patients were adminis-
tered intraperitoneal mitomycin C at the time of 
resection. Subjects receiving IPC had signifi-
cantly better 5-year survival as compared to those 
who received conventional treatment (54.3% ver-
sus 9.5%) and significantly lower rates of perito-
neal recurrence (12% versus 59.9%) [38].

Sammartino et  al. also performed a 
nonrandomized study comparing outcomes in 25 
patients with T3/T4 colon cancer without macro-
scopic evidence of PC who received adjuvant 
HIPEC with oxaliplatin during their initial resec-
tion with 50 well-matched controls who received 
only conventional therapy. They again found bet-
ter overall survival and disease-free survival, and 
locoregional recurrence was significantly reduced 
(4% versus 28%) [39].

Based on the preliminary data from these 
limited comparative studies, two randomized 
clinical trials are currently underway to evaluate 
adjuvant HIPEC in patients at elevated risk of 
peritoneal recurrence. HIPECT4 has been regis-
tered in Spain, intending to recruit 200 patients 
with cT4NxM0 tumors of colorectal origin for 
intraoperative randomization to adjuvant HIPEC 
with mitomycin C or conventional therapy with 
systemic chemotherapy only. The primary out-
come is locoregional control after 3 years of fol-
low-up [40]. COLOPEC is a Dutch study 
planning to randomize 176 patients with T4 or 
intra-abdominally perforated colorectal cancer to 
receive adjuvant HIPEC with oxaliplatin and sys-
temic chemotherapy or systemic chemotherapy 
alone. Patients will be followed for 18 months, at 
which point diagnostic laparoscopy will be per-

formed to assess disease-free survival in each 
group [41].

An alternative adjuvant approach pairs HIPEC 
with planned second-look surgery in patients 
with risk factors for recurrence with peritoneal 
carcinomatosis on their initial operation. 
Preoperative computed tomography (CT) scans 
have shown poor detection of PC with large 
interobserver variation, particularly in PC with 
small tumor deposits [42], an observation which 
has been borne out in preliminary second-look 
surgery studies which have consistently found 
PC in >50% of high-risk patients without radio-
graphic evidence of PC.  This alternative opens 
the option for a prospective randomized trial of 
HIPEC for patients with high-risk features noted 
during resection not performed at a regional ther-
apy center and may limit morbidity associated 
with HIPEC in patients who would not otherwise 
go on to develop PC.

Between 2007 and 2011, Delhorme et  al. 
performed planned second-look surgery on 14 
patients who had undergone a complete initial 
oncological resection of CRC with synchronous 
PC and/or ovarian metastasis with PC. Seventy-
one percent of the patients were found to have 
PC on second look, with a median PCI of 10. All 
patients with PC received HIPEC with mitomy-
cin C or oxaliplatin. Postoperative mortality was 
0%, and Clavien-Dindo grade II–IV complica-
tions occurred in 7% of patients, much lower 
then in other reports of HIPEC for PC from 
CRC.  The 2-year overall survival and disease-
free survival rates were 91% and 38%, respec-
tively. Radiographic peritoneal recurrence 
occurred in only 8% of patients who had under-
gone HIPEC at a second-look operation [43].

In 2011, Elias et al. performed a prospective 
study of “second-look” surgery on patients with 
resected CRC with risk factors for recurrence 
with PC. Forty-one patients who had undergone 
R0 resections for CRC and had no symptoms or 
radiographic findings consistent with PC but 
were considered high risk because of minimal 
synchronous PC, ovarian metastases, or perfora-
tion of the primary tumor during the initial sur-
gery underwent “second-look” laparotomy 
approximately 1 year after surgery. Macroscopic 
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PC was found in 56% of subjects; all subjects 
underwent HIPEC. Mortality was 2% and > grade 
II morbidity was 9.7%, again demonstrating 
lower complication rates than in CRS and HIPEC 
for patients with established PC.  The 5-year 
overall survival was 90% [44].

This same group is continuing their work with 
a phase III study, ProphyloCHIP.  In this study, 
130 patients with resected CRC with high risk of 
peritoneal recurrence (limited peritoneal 
implants, ovarian metastases, or perforated 
tumor) will be randomized to either undergo lap-
arotomy with HIPEC (intraperitoneal oxaliplatin 
and intravenous 5-FU) within 12 months of sur-
gery or conventional follow-up, both groups 
receiving systemic adjuvant therapy. Recruitment 
and data collection are completed, and analysis 
was scheduled to be completed in June 2019 [45].

For patients with advanced or unresectable 
peritoneal carcinomatosis who would not be can-
didates for CRS and HIPEC, pressurized intra-
peritoneal aerosolized chemotherapy (PIPAC) 
has been suggested as an alternative treatment. 
Preclinical and animal studies of PIPAC, in which 
chemotherapeutic agents are applied as a pressur-
ized aerosol to the peritoneal cavity, have sug-
gested tissue penetration in PIPAC may be 
superior to HIPEC, allowing for the treatment or 
downstaging of bulky disease [46].

While many centers, primarily in Europe, 
have started offering PIPAC, evidence for the 
efficacy of the technique in CRC is limited. 
Several small studies in mixed tumor types 
including CRC have demonstrated the safety of 
PIPAC with histologic response ranging from 
71% to 100% [47]. One study by Demtroder 
et  al. in 2016 focused on PIPAC for PC from 
CRC exclusively. In this small retrospective 
study, 17 patients with PC from CRC ineligible 
for CRS and HIPEC underwent PIPAC with 
oxaliplatin. Median survival was 15.7  months 
and 71% of patients showed histologic tumor 
response [48]. While early trials have used low 
doses of oxaliplatin, a number of studies have 
begun testing escalating doses of oxaliplatin in 
PC from digestive cancers. One such study, the 
PIPOX trial, recently reported complete response 

in 3 of 10 patients during the phase I portion of 
the trial [49].

To further establish the role for PIPAC in 
treating PC, a number of phase II trials are under-
way. Public registries report 10 international clin-
ical trials of PIPAC in gynecological and 
gastrointestinal malignancies [50].

�Conclusion

As CRS and IPC for CRC with PC have become 
more widely practiced, data have accumulated to 
demonstrate its utility in selected patients. 
Ongoing research to optimize this technique may 
further improve outcomes. An abundance of case 
studies has demonstrated that survival with CRS 
and HIPEC appears better than historical controls 
treated with systemic chemotherapy. Two ran-
domized controlled trials also demonstrated lon-
ger survival with CRS and IPC compared to 
systemic chemotherapy alone. More recent 
reports have demonstrated lower morbidity and 
perioperative mortality compared to initial stud-
ies. The incremental benefit of adding HIPEC to 
CRS remains unknown. Recent data demon-
strated that HIPEC with oxaliplatin has no sur-
vival benefit over CRS alone. Nevertheless, there 
are ongoing investigations into the efficacy of 
adjuvant HIPEC with or without second-look 
surgery in patients at high risk of peritoneal 
recurrence from CRC. These trials may identify a 
new role for IPC in the coming years.
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