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Abstract: Colorectal cancer (CRC) ranks as the third most prevalent cancer globally, with 25% of
patients presenting with metastases; of these, 8% have synchronous liver and peritoneal metastases.
Although the concurrent presence of liver and peritoneal metastases was previously considered an
absolute contraindication, the feasibility of combined surgery is now being re-evaluated. This study
assesses 41 patients who underwent liver surgery for CRC metastases at our center between October
2021 and February 2024. Among these patients, 7 underwent concomitant cytoreductive surgery
(CRS) combined with hyperthermic intraperitoneal chemotherapy (HIPEC) due to the presence of
synchronous liver and peritoneal metastases. We employed simple linear regression to identify
parameters that influenced the development of postoperative complications, classified by the
Clavien-Dindo (CD) system. The statistical analysis showed only the operative time, the
CRS+HIPEC procedure and the length of hospital stay as significative variables on CD outcome,
while the different types of liver surgery were not significant. This study suggests that combining
liver surgery with CRS+tHIPEC may be beneficial for selected patients, potentially improving overall
survival without a significant increase in postoperative complications. A multidisciplinary
approach is essential to achieve a survival advantage without elevating morbidity rates.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide and the second leading
cause of cancer-related deaths (1, 2). At diagnosis, approximately 25% of patients present with
metastatic disease, with the liver (55%) and peritoneum (25%) being the most frequently involved
sites (3).

However, the incidence of peritoneal metastases tends to be underestimated due to the small
size of peritoneal nodules, often below the resolution levels of CT scans. Radiological signs such as
the presence of ascites, thickening and contrast enhancement of the peritoneum, and mesenteric
effacement can aid in diagnosis. Additionally, MRI has shown to be more effective in detecting small
peritoneal lesions due to its higher diagnostic sensitivity (4-6).
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The formation of peritoneal metastases is based on the detachment of free tumor cells from the
primary tumor and their subsequent spread into the peritoneal cavity through direct invasion,
hematogenous or lymphatic routes, or surgical manipulation. The Peritoneal Carcinomatosis Index
(PCI) is the most widely accepted score to quantify tumor burden and assess patient prognosis. The
abdomen is divided into 13 regions, and a score from 0 to 3 is assigned in each region based on the
maximum size of each peritoneal implant. Another score, the Peritoneal Surface Disease Severity
Score (PSDSS), combines the PCI score with the evaluation of patient symptoms (weight loss,
abdominal pain, ascites) and the histology of the primary tumor. (4, 5).

Peritoneal involvement is associated with a poor prognosis, with survival times ranging from 5
to 7 months without treatment and extending to 7-16 months with systemic chemotherapy alone.

Over the past thirty years, the use of hyperthermic intraperitoneal chemotherapy (HIPEC) in
conjunction with cytoreductive surgery (CRS) has gained traction. This procedure involves removing
macroscopically visible disease via CRS to allow optimal penetration of chemotherapeutic agents into
the tissue; hyperthermia (41-43°C) enhances the effects of the chemotherapeutics Mitomycin C and
Oxaliplatin used in intraperitoneal administration and has a known direct cytotoxic effect (1).

The introduction of CRS+HIPEC has led to an increase in survival up to 45 months in selected
groups. A careful selection of patients for this procedure is crucial. Risk factors to consider include
the extent of peritoneal disease measured by the Peritoneal Cancer Index (PCI), the completeness of
cytoreduction, lymph node status, tumor differentiation and histology of signet-ring cells; recently,
mutations in KRAS and BRAF and microsatellite instability (MSI) status also seem to play an
emerging role in the stratification and selection of these patients (7, 8).

While the benefit of CRS+HIPEC on the survival of selected patients operated in specialized
centers is evident, there are differing opinions regarding the chemotherapeutic regimens used in
HIPEC.

The PRODIGE 7 study failed to demonstrate the efficacy of the short-duration (30 min)
Oxaliplatin regimen, leading to a shift towards the use of Mitomycin C with a longer administration
duration (60-90 min). However, PRODIGE 7 had two biases: the use of neoadjuvant chemotherapy
based on Oxaliplatin, which induces the development of drug-resistant clones, and the suboptimal
activity of the drug during the 30 minutes of perfusion, as it depends on exposure time and
temperature. Further studies are needed to clarify the best HIPEC regimen, its standardization, and
its actual role and impact in the treatment of peritoneal metastases (4, 9, 10).

As an additional problem, 8% of patients with advanced CRC present with both liver metastases
(LM) and peritoneal metastases (PM) (11). Traditionally, the simultaneous presence of LM and PM
was considered a contraindication to surgical treatment. Today, this is no longer an absolute
contraindication, although the role of combined surgery remains controversial. According to some
studies, combined resection of CRS+HIPEC and liver resection is associated with increased
postoperative morbidity (11-13). Other studies report no increase in postoperative complications
from the addition of concomitant liver resection (14-16). However, there seems to be no difference in
the rate of reintervention and postoperative mortality compared with patients undergoing
CRS+HIPEC alone (11, 12). Several studies have shown that CRS+HIPEC, including resection of liver
metastases, can increase the survival of these patients. Careful preoperative assessment of patients
combined with a tailored surgical approach (one-step vs. two-step liver surgery, laparoscopic
techniques, etc.) is mandatory to achieve an increase in survival without a significant increase in
morbidity (3, 14, 15).

2. Materials and Methods

Our study analyzes 41 patients who underwent liver resection for colorectal cancer metastases
at our center between October 2021 and February 2024. Of these, 7 underwent concomitant
CRS+HIPEC surgery because they had synchronous liver and peritoneal metastases.

The diagnosis of peritoneal carcinosis of colorectal origin was histologically confirmed in all
cases by a preliminary laparoscopic exploration with a confirming peritoneal biopsy. The decision to
perform CRS and HIPEC was a multidisciplinary indication provided by surgeons, oncologists, and
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radiologists. In all cases, the decision was shared and accepted by the patients with a complete
description of the proposed intervention and possible complications.

2.1. Variables and Definitions

We collected patient demographics including sex, age, Charlson Comorbidity Index (CCI), date
of surgery, operative time, total length of stay, metastasis characteristics (number, unilobar/bilobar
location, size), the tumor’s staging according to the AJCC-TNM classification and the surgical
therapies or adjuvant chemotherapy of the primitive tumor. The development of postoperative
complications was documented and reported using the Clavien-Dindo classification (CD) (17, 18)

(Table 1).

Table 1. Baseline characteristics of patients.

Gender M (n=22)

F (n=19)
Age 67£11
Charlson Comorbidity Index (CCI) 10+£2
Time of surgery (min) 345 +50
Hospital stay (days) 9+4

1 (n=14)

2 (n=7)
Number of metastases 3 (n=6)

4 (n=6)

5 (n=6)

6 (n=1)
Unilobar localization n=23
Bilobar localization n=16
Maximum size of the metastases (mm) 37+£23

1 (n=22)

2 (n=13)

3A (n=1)
Clavien Dindo(CD) 3B (n=2)

4A (n=3)

4B (n=0)

5 (n=0)
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2.2. Surgical Technique

Patients under general anesthesia underwent laparotomy. The first phase of the intervention
was the exploration of the operative field with simultaneous contrast-enhanced ultrasound (CEUS)
to confirm and conclusively evaluate hepatic metastases. Patients with peritoneal carcinosis
underwent cytoreduction as the first phase of the procedure.

2.3. Technique of CRS + HIPEC

Cytoreductive surgery (CRS) involves removing visible peritoneal disease locations and other
possible secondary locations in the abdominal compartment. Typically, an omentectomy is
performed, even if the omentum does not appear to be immediately involved by metastases, due to
its frequent involvement (4, 19). Following CRS, HIPEC is added: this involves the intraoperative
administration of a chemotherapeutic solution heated to 41-43°C, circulated in the peritoneal cavity
for a variable period (30-120 minutes). There are two HIPEC techniques, open and closed, equally
effective in clinical outcomes (1, 4). At our center, the closed technique is performed: the laparotomy
is sutured, and inflow and outflow catheters and temperature sensors are placed through the
abdominal wall. The best chemotherapeutic regimen to use is still debated, although the most
commonly used drugs are Mitomycin C and Oxaliplatin (1, 4) . In this study we employed Mitomycin
C with 90 minutes of perfusion. In the combined resection of hepatic and peritoneal metastases, the
HIPEC procedure is performed after cytoreductive and hepatic surgery (Figure 1).

Figure 1. CRS+HIPEC procedure. A: Peritoneum resection. B, C: the arrows point the peritoneal

metastases.

2.4. Types of Liver Resection

Hepatic resections were all performed in an open setting. Hepatic resections in all patients were
performed with ultrasound-guided technique using the Sonoca Soring ultrasonic scalpel for
dissection with intermittent hilum clamping (Pringle maneuver 7/3 closed/open).

The extent of surgery to be performed was decided based on imaging examinations (CT, MRI,
or both), anatomical complexity, and whether CRS+HIPEC was performed concomitantly.
Operations performed included major hepatectomy (three or more liver segments; n=6), minor
hepatectomy (less than three segments; n=6), atypical resection (n=26), and extended atypical
resections after double-vein embolization (n=2) (Figures 2 and 3). This latter procedure involves
simultaneous embolization of the right portal vein and hepatic right and middle veins to induce liver
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regeneration and increase the chances of resectability of very extensive lesions in size, number, or
bilobar localization (20) (21).

Figure 2. Types of liver resection performed.

Figure 3. A: Atypical resection of liver metastases. B: The MRI depicts the lesions.

2.5. Study Endpoints

The primary endpoint of the study was to evaluate the variables that could influence
postoperative morbidity in our patients and determine if different types of liver surgery were
significant on this outcome in isolated resections and/or in cases of concomitant CRS+HIPEC.

2.6. Statistical Analysis
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Statistical analysis was performed with StataBE18 software. Simple linear regression was used
to determine which parameters influenced the development of postoperative complications (as
measured by CD), with significance established at p<0.05. Multiple linear regression was then
conducted to identify any independent variables affecting the CD outcome, with significance also
established at p<0.05.

3. Results

Simple linear regression showed that the CRS+HIPEC procedure, operative time, and length of
hospital stay significantly impacted CD outcome (p<0.05). In contrast, the type of liver resection,
number and size of metastases, unilobar/bilobar location, and Charlson Comorbidity Index (CCI)
were not significant. Multiple linear regression did not identify any independent variables that could
influence the CD outcome (Table 2).

Table 2. Results of simple linear regression and multiple linear regression with significance

established at p<0.05.
Variables Simple linear Multiple linear
regression regression

CRS+HIPEC p=0.024 p=0.766
Type of liver surgery p=0.143 p=0.576
Number of metastases p=0.103 p=0.145
Maximum size of metastases (mm) p=0.984 p=0.55

Unilobar/bilobar localization p=0.849 p=0.625
Time of surgery (min) p=0.023 p=0.893
Hospital stay (days) p=0.002 p=0.13

Charlson Comorbidity Index (CCI) p=0.893 p=0.436

3.1. Postoperative Evaluation

The majority of patients had a regular postoperative course without any significant
complication: CD 1 (n=22) and CD 2 (n=13). One patient developed superficial wound dehiscence that
needed an intervention under local anesthesia (CD 3A; n=1), while two patients showed respectively
a biliary leak and a dehiscence requiring a surgical revision (CD 3B; n=2). Three patients had a single
organ dysfunction (CD 4A; n=3) and specifically two acute kidney injury (AKI) and one acute
myocardial infarction (IMA) (Figure 4).

We documented no mortality during the first 30 days of observation after surgery.
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Figure 4. Distribution of Clavien Dindo.

4. Discussion

There is now evidence that the CRS+HIPEC procedure offers a survival advantage in patients
with peritoneal metastases from CRC compared with chemotherapy alone, although careful patient
selection is necessary (7). In recent years, there has been a shift regarding advanced CRC with
concomitant peritoneal and liver metastases: liver involvement is no longer considered a
contraindication to cytoreduction. Again, patient selection plays a key role in maximizing the benefits
and minimizing the risks associated with this procedure (3, 14, 16). The issue of perioperative
morbidity in patients undergoing CRS+HIPEC and liver resection is controversial: some studies do
not show a significant difference between patients treated with combined resection and those with
CRS+HIPEC alone, while others suggest it is a therapeutic alternative with increased risk of
postoperative complications; some studies advocate a two-step approach with a liver-first strategy to
limit disease progression between surgeries (3, 14-16) . Our study shows that the CRS+HIPEC
procedure, operative time, and total length of stay influence the development of complications in the
immediate postoperative period, whereas the addition of different types of liver resection does not
significantly impact this outcome. Many factors likely contribute to the development of postoperative
complications, which could not be accounted for due to the limited number of patients in the study.
The performance of combined resection must be carefully tailored to the individual patient.
Moreover, this approach requires thorough preoperative evaluation and should be performed in
specialized centers, involving a multidisciplinary team of peritoneal neoplasm specialists,
hepatobiliary surgeons, radiologists, oncologists and anatomic pathologists. This multidisciplinary
approach is essential to achieving a survival advantage without a significant increase in morbidity.

5. Key Points and Future Directions

e  The addition of liver resection to a complex surgery does not necessarily impact the
postoperative outcome.

e  The combined treatment of hepatic and peritoneal metastases should be considered in the
management of patients with advanced CRC and not negatively viewed considering potential

curative surgery.
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e  The assessment of the oncological outcome is not the aim of this study.

e  The study has a limit in his retrospective approach and in the still limited number of subjects.
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