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Abstract
Background  Peritoneal metastases carry the worst prognosis among all sites of colorectal cancer (CRC) metastases. In recent 
years, the advent of cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) has improved 
survival for selected patients with limited peritoneal involvement. We report the evolution of CRS and HIPEC for colorectal 
peritoneal metastases at a tertiary referral center over a 10-year period.
Methods  Patients with colorectal peritoneal metastases undergoing CRS and HIPEC were included and retrospectively 
analyzed at a tertiary referral center from January 2006 to December 2015. Main outcomes included evaluation of grade 
III/IV complications, mortality rate, overall and disease-free survival, and prognostic factors influencing survival on a Cox 
multivariate analysis.
Results  Sixty-seven CRSs were performed on 67 patients during this time for colorectal peritoneal metastases. The median 
patient age was 57 years with 55.2% being female. The median peritoneal carcinomatosis index (PCI) was 7, with complete 
cytoreduction achieved in 65 (97%) cases. Grade > 2 complications occurred in 6 cases (8.9%) with no mortality. The median 
overall survival for the entire cohort was 41 months, with a 3-year overall survival of 43%. In case of complete cytoreduction, 
median overall and disease-free survival were 57 months and 36 months respectively, with a 3-year disease-free survival of 
62%. Complete cytoreduction and nonmucinous histology were key factors independently associated with improved overall 
survival.
Conclusions  CRS and HIPEC for limited peritoneal metastases from CRC are safe and effective, with acceptable morbidity. 
In selected patients, it offers a highly favorable long-term outcomes.
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Introduction

Colorectal cancer (CRC) represents the third most common 
cancer, and the second cause of cancer-related mortality 
all around the world [1]. About half of CRC patients will 
develop metastases, and the peritoneum represents the third 
most common site and is associated with the worst progno-
sis among all metastatic sites [2]. Synchronous peritoneal 
metastases are seen in 5 to 7% of cases of CRC [3], whereas 
metachronous disease can involve up to 19% of cases [3, 4].

Patients suffering from peritoneal metastases from CRC 
present a median survival of less than 6 months [5].

In highly selected patients, the association of cytore-
ductive surgery (CRS) and hyperthermic intraperitoneal 
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chemotherapy (HIPEC) can offer the possibility of long-
term survival.

Initially proposed and diffused by Sugarbaker [6–8] for 
the treatment of disseminated appendiceal neoplasms, CRS 
and HIPEC have since been expanded to cases of perito-
neal metastasis from CRC and other abdominal neoplasms. 
In recent years, specialized centers in peritoneal surface 
malignancies have reported highly favorable outcomes with 
a median overall survival ranging from 22 to 63 months and 
a 5-year survival from 19 to 51% in selected patients with 
isolated peritoneal involvement [9–11].

CRS and HIPEC presented a wide diffusion all around the 
world after a consensus statement that strongly supported 
their use in 2007 [12]. However, there are some concerns 
regarding the utility of CRS and HIPEC and the associated 
morbidity.

The aim of our study was to evaluate the safety and effi-
cacy of CRS and HIPEC for peritoneal metastases from CRC 
at a tertiary care center, and to assess the related short- and 
long-term outcomes.

Methods

Data were retrospectively analyzed from the prospectively 
collected database on peritoneal surface malignancies. All 
patients undergoing CRS and HIPEC for peritoneal metas-
tases from CRC from January 1, 2006, to December 31, 
2015, were included (20 patients from January 1, 2006, to 
December 31, 2009, and 47 patients from January 1, 2010, 
to December 31, 2015).

Institutional review board approval had been preliminar-
ily obtained for the research purpose use of the data, stem-
ming out from standard clinical practice, since no additional 
interventions were planned (observational study).

Patient age, sex, ASA score, primary tumor location, 
histopathology details, and perioperative chemotherapy use 
were recorded.

Inclusion/exclusion criteria

All patients were preoperatively assessed with a full history 
and examination. Routine full blood count, CEA, liver func-
tion tests, and coagulation studies, along with an FDG-PET/
CT scan of the chest, abdomen, and pelvis, were performed.

All patient cases were reviewed at the colorectal cancer 
multidisciplinary meeting.

Inclusion criteria were as follows: age 18–80 years; nor-
mal cardiac, respiratory, liver, and renal functions; and no 
hematological alterations.

Exclusion criteria for HIPEC were uncontrolled severe 
infection and/or medical problems unrelated to malignancy 

which would limit full compliance with the protocol or 
expose the patient to extreme risk of life.

Patients with concurrent extra-abdominal disease or very 
high–volume disease on imaging were not offered CRS and 
HIPEC.

Those with clearly very low–volume disease on imaging 
were offered CRS and HIPEC.

Preoperative peritoneal carcinomatosis index (PCI) was 
evaluated in all patients through a contrast-enhanced CT 
scan. Diagnostic laparoscopy was selectively performed if 
there was moderate-volume disease on imaging.

The policy of our local multidisciplinary team was to 
offer CRS and HIPEC to patients with a PCI of 25 or below.

The same inclusion/exclusion criteria were followed for 
patients undergoing neoadjuvant chemotherapy.

Operative details and HIPEC

Following laparotomy and adhesiolysis, an assessment of the 
PCI was conducted according to the Sugarbaker evaluation 
[6]. This was scored from 0 to 39.

CRS was performed in keeping with the Sugarbaker 
techniques [7, 8], as directly learned by the senior surgeon 
(S.A.) during his fellowship at Washington Cancer Center. 
Organ resections involved resection of the involved regions; 
resection of the so-called target regions even in the absence 
of visible disease (lesser omentum, gallbladder, falciform, 
and umbilical round ligaments); and omental resection, 
including gastroepiploic arch in the presence of visible 
disease. Peritonectomy was performed removing all peri-
toneum involved. The completeness of cytoreduction score 
(CC score) was recorded at the end of each operation. CC-0 
reflected no remaining visible disease. CC-1, CC-2, and 
CC-3 implied remaining disease less than 2.5 mm, 2.5 to 
2.5 cm, and greater than 2.5 cm.

HIPEC was administered only when a complete cytore-
duction was achieved. The HIPEC procedure was admin-
istered for 90 min with an inflow temperature of 41–42 °C 
and an outflow temperature of 39–40 °C, using mitomycin 
C (MMC) at a dose of 15 mg/m2.

Complications

Major complications (grade III and IV) were recorded 
according to the Clavien-Dindo classification system [13].

Statistical analysis

All results were expressed as median with an interquartile 
range for continue variables, and absolute and percentage 
frequencies for categorical variables.
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Fol low-up was  analyzed wi th  the  reverse 
Kaplan–Meier method. Survival curves were estimated by 
the Kaplan–Meier product limit method.

To identify factors independently associated with over-
all survival, a Cox univariate and multivariate hazards ratio 
model was used. A p value of < 0.05 was considered statisti-
cally significant.

Statistical analyses were performed using SPSS 20.0 
(IBM Corp. SPSS Statistics).

Results

Demographic and operative data

Sixty-seven patients underwent 67 cytoreductive surgeries 
during the time period of the study.

Demographic characteristics of patients and histopatho-
logical and molecular characteristics of the tumors are 
shown in Table 1.

The median patient age was 57 years with 55.2% being 
female. The majority of patients with peritoneal metastases 
had a previous primary tumor that was T4 (67.1%).

Diagnostic laparoscopy was performed in 10 patients 
(14.9%) that presented a moderate-volume disease on imag-
ing. In all these cases, a PCI score < 25 was confirmed and 
patients were directly candidates for CRS and HIPEC.

The majority of primary tumors were located in the right 
colon (53.7%).

Six patients (8.9%) received neoadjuvant chemotherapy 
according to irinotecan- or oxaliplatin-based systemic chem-
otherapy regimens.

Postoperative chemotherapy was administered to 55 
(82.1%) patients.

Resections and morbidity

Perioperative details and morbidity are shown on Tables 2 
and 3.

The median PCI was 7 (range 0–32), with 57 cases (85%) 
having a PCI less than 20. The remaining 10 cases had a 
PCI more than 20, which was only determined at the time 
of surgery.

In our series, 64 patients presented synchronous peri-
toneal metastases, while the remaining 3 cases presenting 
metachronous peritoneal metastases underwent only peri-
tonectomy as surgical procedure.

Hyperthermic intraperitoneal chemotherapy was given in 
all cases with mitomycin C, in 55 patients (82%) according 
to the “Coliseum” technique, and in 12 cases (18%) accord-
ing to the “closed” technique.

A complete cytoreduction was achieved in 65 (97%) 
cases, with an incomplete cytoreduction in the remaining 
2 (3%) cases.

The median length of operations was 318 min (range 
160–700 min). The median length of stay was 9 days (range 
5–36 days). A blood transfusion was required in approxi-
mately one-fourth of cases (23.9%). The most common pro-
cedure was right hemicolectomy (49.2%) and in 46 cases 
(68.6%) an associated resection was included.

Eight patients (11.9%) involved formation of a stoma.

Table 1   Demographic characteristics of patients and histopathologi-
cal characteristics of the tumors in 67 patients

* Available for 42 patients. **Available for 41 patients

HIPEC procedures, n 67

Age, years, median (range) 57 (27–82)
Sex

  Female, n (%) 37 (55.2)
  Male, n (%) 30 (44.8)

Primary tumor location
  Right colon, n (%) 36 (53.7)
  Transverse colon, n (%) 4 (5.9)
  Left colon, n (%) 27 (34.5)
  Neoadjuvant chemotherapy, n (%) 6 (8.9)

Histological findings
  Adenocarcinoma, n (%) 42 (62.7)
  Mucinous adenocarcinoma, n (%) 25 (37.3)

Degree of tumor differentiation
  G1 11
  G2 33
  G3 23

pT stage
  T2 4 (6)
  T3 18 (26.9)
  T4a 29 (43.2)
  T4b 16 (23.9)

pN stage
  N0 24 (35.8)
  N1 33 (49.2)
  N1a 11
  N1b 13
  N1c 9
  N2 10 (15)
  N2a 7
  N2b 3

RAS*
  Mutated 19 (45.2)
  Wild type 23 (54.8)

BRAF**
  Mutated 3 (7.3)
  Wild type 38 (92.7)
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Postoperative complication and mortality rates were 
35.8% and 0%, respectively. Grade III/IV complications 
occurred in 6 (8.9%) cases.

There were 7 (10.4%) anastomotic leaks and 1 (1.5%) 
intra-abdominal collection managed with percutaneous 
drainage.

Survival outcomes

Follow-up characteristics of patients are reported on Table 4.
The median follow-up for all cases was 21 months (range 

2–97 months).
The median survival for all cases was 41 months, with a 

3-year overall survival rate of 43% (Fig. 1A). The median 

disease-free survival in 65 CC0 patients was 36 months 
(Fig. 1B).

Univariate analysis identified nonmucinous histology, 
PCI < 15, and completeness of cytoreduction as prognostic 
factors associated with improved overall survival (Table 5).

Multivariate analysis revealed nonmucinous histology 
and completeness of cytoreduction as positive prognostic 
factors for improved overall survival (Table 5).

Discussion

Peritoneal carcinomatosis from CRC was considered in 
the past as a terminal neoplastic disease and, often, it was 
treated only with palliative approach or best supportive care. 
However, during the last decade, more effective cytotoxic 
chemotherapies and biological targeted therapies have been 
developed to improve the survival of patients with metastatic 
disease [14, 15].

Table 2   Perioperative details of patients

HIPEC hyperthermic intraperitoneal chemotherapy

No. of cases 
(or median) 
(%)

Median operation time, min, median [range] 318 [160–700]
ASA score

  ASA 1, n 12 (17.9)
  ASA 2, n 45(67.1)
  ASA 3, n 10 (15.0)

Length of stay, days, median [range] 9 [5–36]
Peritoneal carcinomatosis index (PCI)

  PCI 0–10, n 40 (59.7)
  PCI 10–20, n 17 (25.3)
  PCI > 20, n 10 (15.0)
  Median PCI 7

Completeness of cytoreduction score (CC)
  CC score = 0, n 65 (97.0)
  CC score = 2, n 1 (1.5)
  CC score = 3, n 1 (1.5)

Principal resection
  Subtotal colectomy, n 2 (3.0)
  Right hemicolectomy, n 33 (49.2)
  Transverse colon resection, n 3 (4.5)
  Left hemicolectomy, n 18 (26.9)
  High rectal resection, n 8 (11.9)
  Only peritonectomy, n 3 (4.5)
  Associated resections, n 46 (68.6)

Surgical approach
  Laparotomy, n 53 (79.1)
  Laparoscopy, n 14 (20.9)
  Conversion rate, n 2 (14.2)

HIPEC technique
  Coliseum, n 55 (82.0)
  Closed, n 12 (18.0)

Table 3   Postoperative morbidity and mortality

No. of cases (%)

Postoperative complications, n 24 (35.8)
  Anastomotic leak 7 (10.4)
  Occlusion, n 1 (1.5)
  Bleeding, n 2 (3.0)
  Wound infection, n 1 (1.5)
  Lymphatic fistula, n 2 (3.0)
  Intra-abdominal collection, n 1 (1.5)
  Respiratory complication, n 4 (6.0)
  Atrial fibrillation, n 2 (3.0)
  Urinary infection, n 2 (3.0)
  Deep vein thrombosis and pulmonary embo-

lism, n
2 (3.0)

Clavien-Dindo ≥ 3 6 (8.9)
Reoperation, n 2 (3.0)
Postoperative mortality, n 0 (0)

Table 4   Follow-up characteristics of patients

Patients n = 67 (%)

Follow-up time, months, median [range] 21 [0–97]
  Recurrence, n 23 (34.3)
  Loco-regional, n 7 (10.5)
  Peritoneal, n 14 (20.9)
  Only peritoneal, n 8 (12.0)
  Distant metastases, n 13 (19.4)

Follow-up recurrence time, months, median 
[range]

11 [0–68]
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CRS and HIPEC are becoming more and more a valid 
approach for isolated peritoneal metastases from CRC [16].

These procedures have been applied in selected patients 
with CRC and peritoneal diffusion, obtaining a median sur-
vival from 12 to 32 months, and the 1-year, 2-year, 3-year, 

and 5-year survival rates ranging from 65 to 90%, 25 to 60%, 
18 to 47%, and 17 to 30%, respectively [17].

The results of our study demonstrate an overall median 
survival of 39 months for the entire cohort.

Completeness of cytoreduction and nonmucinous histol-
ogy were the main factors found to be independently associ-
ated with improved overall survival.

Our results are largely in accordance with other published 
studies.

In the first randomized controlled trial published by Ver-
waal et al. [11], the authors demonstrated that CRS followed 
by HIPEC improves survival in patients with peritoneal 
metastases from CRC. However, patients with an extensive 
involvement of the abdominal cavity, or incomplete cytore-
duction, had still a poor prognosis.

Ihemelandu et  al. [18] further demonstrated that for 
patients with a limited extent of peritoneal metastases, a 
complete cytoreduction is the most important prognostic 
variable, presenting a median survival of 36.6 months.

Other large reported series [9, 10, 19–22] have shown 
similar results with a median overall survival ranging from 
32 to 63 months.

Huang et al. [23], in a recent meta-analysis of 76 studies, 
reported a median overall survival of 29 months for selected 
patients with peritoneal metastases from CRC.

The recently published French PRODIGE 7 randomized 
controlled trial [24] demonstrated that CRS alone, performed 
at specialized peritonectomy centers, can offer a median sur-
vival of 41.2 months with a 36.7% 5-year survival in patients 
with peritoneal metastases from CRC, while the addition of 
HIPEC with oxaliplatin does not influence the OS.

The increasing role of CRS and HIPEC for low-volume 
peritoneal metastasis from CRC is supported by numerous 
international consensus guidelines, such as the American 
Society of Colon and Rectal Surgeons [25] and the European 
Society of Medical Oncology [26].

The British National Health Service Commissioning 
Board includes CRS and HIPEC as part of the treatment 
guidelines for patients with limited peritoneal metastases 
from CRC [27].

The Australian Cancer Council recommends referral to 
a specialized center in peritoneal surface malignancies for 
consideration of CRS and HIPEC in case of patients with 
low-volume peritoneal involvement [28].

Unfortunately, this multimodal procedure is burdened by 
higher or similar morbidity and mortality rates with respect 
to other major gastrointestinal interventions [29].

A mortality rate ranging from 0.9 to 11% [13, 28–30] and 
a major morbidity rate that ranges from 12 to 57% in high-
volume centers were reported [28–31] in the literature, even 
if, in recent publications, overall grade III–IV morbidity 
rates is decreased between 7 and 41% [32–38]. These results 
are strictly related to the improvement of the experience of 

Fig. 1   A OS in 67 patients after CRS plus HIPEC. B DFS in 65 CC0 
patients after complete CRS plus HIPEC
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specialized centers in peritoneal surface malignancies [39, 
40].

Kusamura et al. [33] demonstrated in their manuscript, 
on 209 peritoneal surface malignancies treated with closed 
HIPEC, a morbidity and mortality rate of 12% and 0.9%, 
respectively. On multivariate analysis, extent of cytoreduc-
tion and dose of intraperitoneal cisplatin were independent 
prognostic factors for major morbidity.

In the French study conducted by Glehen et al. [34] on 
216 consecutive procedures, the authors found that mor-
bidity was significantly related to the carcinomatosis stage 
(p = 0.016), the duration of surgery (p = 0.005), and the num-
ber of resections and peritonectomy procedures (p = 0.042).

High morbidity and mortality rates associated to CRS 
and HIPEC were also observed in the multivariate analysis 

conducted by Hansson et al. on 123 patients [35]. But, con-
sidering the potential benefit on long-term outcomes, the 
possible negative events are considered acceptable.

In the multivariate analysis conducted by Casado et al. 
[36] on 147 consecutive patients with peritoneal surface 
malignancy treated by CRS and HIPEC, only PCI was 
identified as a negative prognostic factor for gastrointesti-
nal complications (p = 0.058). Moreover, the frequency of 
gastrointestinal complications was associated with a large 
extent of disease, according to a PCI > 30.

Finally, the Japanese study by Mizumoto et  al. [37] 
showed a global morbidity rate of 49%, demonstrating that 
PCI greater than 20 was the only significant risk factor for 
postoperative complications (p < 0.01), whereas HIPEC sig-
nificantly reduced postoperative complications (p < 0.05).

Table 5   Cox univariate and 
multivariate regression model

CC completeness of cytoreduction, PCI peritoneal carcinomatosis index

Variable Univariate HR (95% CI) p value Multivariate HR (95% CI) p value

Age 0.92 (0.89–1.06) 0.816 1.03 (0.99–1.06) 0.482
Sex

  Female -
  Male 1.32 (0.75–2.42) 0.643 1.05 (0.48–2.13) 0.787
  Grade III/IV complication 1.14 (0.47–2.47) 0.214 -

Tumor site
  Colon -
  Rectum 0.63 (0.26–1.84) 0.393

Histology
  Adenocarcinoma - -
  Mucinous 4.057 (2.74–6.72)  < 0.001 3.25 (2.29–6.35) 0.003

Tumor stage
  T2 -
  T3 1.68 (0.94–2.77) 0.916
  T4 8.52 (1.25–62.40) 0.052

Nodal stage
  N0 -
  N +  1.42 (0.53–3.07) 0.164

RAS
  Mutated 0.38 (0.063–1.41) 0.095 0.33 (0.29–0.47) 0.24
  Wild type -

BRAF
  Mutated 1.36 (1.25–1.63) 0.36
  Wild type -

Chemotherapy
  No - -
  Yes 0.63 (0.34–1.19) 0.130 0.69 (0.27–1.87) 0.412

CC score
  0/1 - -
  2/3 4.52 (2.64–7.83)  < 0.001 7.58 (2.53–28.32) 0.003

PCI
  0–15 - -
   > 15 5.35 (3.01–9.24)  < 0.001 0.79 (0.28–2.67) 0.677
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These results are worse than those achieved in our study. 
In fact, we recorded a postoperative morbidity rate of 35.8%, 
with a rate of grade 3–4 complications of 8.9%, while the 
mortality rate was 0%.

A number of prognostic factors have been found to be 
associated with overall survival. We found nonmucinous 
histology and completeness of cytoreduction to be indepen-
dently associated with improved overall survival.

Other studies have found the completeness of cytoreduc-
tion, PCI, positive lymph nodes, histology, use of systemic 
perioperative chemotherapy, and the experience of the center 
to be prognostic factors influencing overall survival [9, 10, 
41–43].

Conclusions

Our study presents a few limitations that needs to be 
discussed.

First of all, due to its retrospective nature, it is strictly 
dependent on the accuracy of prerecorded data and the 
accuracy of patients’ selection. For these reasons, all patient 
records were thoroughly reviewed to ensure data accuracy.

Moreover, this also highlights the important limitations 
in current staging modalities.

Unfortunately, imaging methods such as CT and PET/
CT scans offer a sensitivity in the detection of peritoneal 
metastases that can reach, but not overcome, 90% [44, 45].

Moreover, an important and significant challenge remains 
the ability to accurately predict a preoperative PCI, thus 
allowing the possibility to reach a complete cytoreduction.

Moreover, in the future, only an extensive diffusion of 
routine staging laparoscopy may help to better select patients 
for CRS and HIPEC.

In conclusion, CRS and HIPEC can offer long-term sur-
vival for selected patients with limited peritoneal metastasis 
from CRC, with acceptable morbidity and mortality rates. 
The CC score and histology (nonmucinous) represent the 
most important prognostic factors associated with improved 
long-term outcomes.
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