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From the perspective of survival outcomes, the cancer survival of colorectal cancer (CRC) in the whole stage has im-
proved. Peritoneal metastasis (PM) is found in approximately 8% to 15% of patients with CRC, with a poorer prognosis 
than that associated with other sites of metastases. Randomized controlled trials and up-to-date meta-analyses provide 
firm evidence that cytoreductive surgery (CRS) plus hyperthermic intraperitoneal chemotherapy (HIPEC) could signifi-
cantly improve overall survival compared with systemic chemotherapy alone in selected patients with CRC-PM. Practical 
guidelines recommend that the management of CRC-PM should be led by a multidisciplinary team carried out in experi-
enced centers and consider CRS plus HIPEC for selected patients. In this review, we aim to provide the latest results of 
land mark studies and an overview of recent insights with regard to the management of CRC-PM. 
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INTRODUCTION

Globally, colorectal cancer (CRC) is the third most common can-
cer and second most common cause of cancer-related mortality. 
In South Korea, the incidence of CRC has increased remarkably 
over the past decades [1]. From the perspective of survival out-
comes, the cancer survival of CRC in the whole stage has improved. 
The 5-year survival rate of metastatic CRC has improved from 4% 
to 12% over the past 2 or 3 decades, mainly due to the use of in-
tensive chemotherapy [2, 3]. Peritoneal metastasis (PM) is found 
in approximately 8% to 15% of patients with CRC during the first 
treatment cycle [4]. Furthermore, 2% of patients have isolated PM 
and 11% have PM with other organ involvement, with a poorer 

prognosis than that associated with other sites of metastases (shorter 
overall survival [OS] by 30%–40%) [5-7]. The effect of systemic 
chemotherapy in patients with isolated PM is limited and only 
slightly improves the median OS to 16.3 months [5].

This indicates that 5% to 15% of CRC cases would be included 
in this group; hence, the surgical treatment of PM is expected to 
have a significant impact. Moreover, the surgical management of 
potentially resectable PM has evolved profoundly in the past 2 de-
cades. This review highlights the key components of PC, includ-
ing its biological and clinical characteristics, recent treatment strat-
egies, future studies, and our experiences with PM of CRC. 

BIOLOGY OF PERITONEAL METASTASIS 

Primary cancers of the peritoneum are rare, with an incidence 
rate of 6 to 7 per million individuals [8]. However, secondary tu-
mors of the peritoneum are more common; in particular, for CRC, 
PM represents the second most common site of metastasis after 
the liver [9]. PM can be explained by different mechanisms cur-
rently accepted in this field, including the hematogenous or lym-
phatic spread of CRC. Surface intrusion and migration, invasion 
into the submesothelial tissue, and spontaneous or traumatic (as-
sociated with previous surgeries) perforation by tumor cells that 
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are potentially adapted or enabled by mutations. Different cell sig-
naling pathways linked to each step of peritoneal dissemination 
imply several molecules: (i) tumor shedding and detachment (E-
cadherin and epithelial-to-mesenchymal transition); (ii) transport 
within the peritoneum (actin microfilament system); (iii) dissem-
ination (intercellular adhesion molecule 1), vascular adhesion mol-
ecule 1, tumor cell receptors (cluster of differentiation 44), cyto-
kines (tumor necrosis factor alpha, interleukin-1 beta, and inter-
leukin-1 gamma); (iv) invasion (metalloproteinases and integrins); 
and (v) proliferation and angiogenesis (epidermal growth factor 
receptor, epidermal growth factor, tumor growth factor α, insulin-
like growth factor-1, hypoxia-inducible factor, vascular endothe-
lial growth factor [VEGF], and VEGF receptor) [10]. 

In 2015, a collaborative study group that had previously devel-
oped a methodology for CRC classification based on gene expres-
sion was established [11]. They developed the consensus molecu-
lar subtype (CMS) classification. This classification is composed 
of 4 subtypes (CMS1–4), each of which has a specific biological 
behavior and subsequent implications for optimal treatment and 
prognosis. Of these, the CMS4 subtype, also known as the mesen-
chymal subtype, is considered the most difficult to treat and has 
the worst prognosis. This subtype is characterized by stromal in-
filtration, overexpression of extracellular matrix proteins, and high 
mixture with non-cancer cells. In terms of PM, a recent study has 
suggested that the CMS4 subtype is frequently diagnosed in pri-
mary tumors of patients presenting with PM (60%) [12]. 

An attempt to determine the accurate molecular mechanisms 
associated with PM is necessary to develop selective biomarkers 
and targeted agents. 

DIAGNOSIS OF PERITONEAL METASTASIS 

The risk factors for developing PM of CRC are the stage of disease, 
intra-abdominal colon location, infiltrative carcinoma, mucinous 
adenocarcinoma, and age younger than 70 to 75 years [13].

The goal of the preoperative assessment of patients with PM of 
CRC is to select potential candidates for complete resection. The 
gold standard for diagnosing PM is positive peritoneal cytology 
[14]. Based on the sensitivity of computed tomography (CT) as a 
reference imaging modality, the sensitivity and specificity for de-
tecting PM are 83% (95% confidence interval [CI], 79%–86%) and 
86% (95% CI, 82%–89%), respectively [15]. However, the sensi-
tivity for small lesions (< 5 mm) is reduced to 43%. In particular, 
sensitivity and specificity were particularly limited in the mesen-
tery, which is a crucial region for achieving complete tumor resec-
tion [16]. In addition, when a small PM lesion scallops to the liver 
surface, it is difficult to differentiate from subcapsular liver metas-
tasis, given that each clinical situation can considerably affect the 
treatment strategy. In this regard, magnetic resonance imaging 
(MRI) is better and should be considered to avoid unexpected 
clinical situations. However, the generalizability of MRI findings 
in the workup of PM has yet to be validated. Despite technical ad-

vancements, MRI is more operator-dependent with a long learn-
ing curve. The spatial resolution of MRI remains inferior to that 
of CT for the elucidation of PM lesions. However, MRI allows for 
the differentiation of ascites from solid tumor deposits and per-
forms well for the detection of mucinous tumors. In addition, dif-
fusion-weighted MRI outperforms other imaging techniques in 
terms of sensitivity and specificity [17]. The performance of posi-
tron emission tomography (PET) alone is inferior to that of CT. 
However, it can be enhanced when combined with CT (PET-CT). 
One study has shown that PET-CT is better at predicting perito-
neal cancer index (PCI) than CT alone [18]. 

Surgical exploration is the gold standard technique for the eval-
uation of PM. The active use of exploratory laparoscopy could re-
duce unnecessary laparotomy in 40% of patients [19]. Diagnostic 
laparoscopy is often used to evaluate occult carcinomatosis or re-
duce the laparotomy rate in patients for whom cytoreductive sur-
gery (CRS) plus hyperthermic intraperitoneal chemotherapy (HI-
PEC) may not be possible. Confirmation of the possibility of com-
plete PM resection is a prerequisite condition for HIPEC because 
of limited intraperitoneal tissue penetration (less than 2.5 mm). 
In particular, involvement of the membranous diaphragm, mes-
enteric root, pancreas, and porta hepatis should be carefully ex-
plored. Digital rectal examinations for the detection of nodules in 
the pouch of Douglas is one of the most important diagnostic 
techniques. Complete clinical evaluations of primary and perito-
neal tumors and states of other distant metastases should be per-
formed before any treatment. An expert group proposed 5 points 
for the operative reports of PM as follows [20]: (1) description of 
lesions quadrant by quadrant and calculation of the PCI; (2) pres-
ence or absence of ascites; (3) photos or videos; (4) detailed de-
scription of small bowel or mesenteric involvement; and (5) de-
tailed description of right diaphragmatic dome involvement and 
whether the cupola is mobile or not.

Intraoperative fluorescence imaging is an emerging technology 
that is helpful in evaluating blood supply in colorectal surgery. Al-
though only a few clinical results are available to date, the poten-
tial role of fluorescence imaging in the detection of PM has been 
tested. Liberale et al. [21] reported that surgery was modified by 
intraoperative indocyanine green fluorescence imaging in 4 of 14 
patients (29%), in which additional lesions not found using surgi-
cal exploration modified the surgery. New molecular fluorescence 
imaging techniques, such as those using a fluorescent dye attached 
to bevacizumab, have been actively tested [22]. Further studies are 
needed to standardize the optimal timing for improving the sen-
sitivity of these techniques and to evaluate its impact on long-term 
results.

TREATMENT OF COLORECTAL CANCER-
PERITONEAL METASTASIS 

Currently, the best survival duration reported following only sys-
temic modern chemotherapy and supportive care for PM of color-
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ectal origin is 15.2 to 23.4 months [5, 23]. To date, CRC-PM has 
been considered an incurable disease, and palliative measures have 
remained the choice of management. However, CRC-PM is now 
gradually regarded as regional tumor progression, suitable for radi-
cal therapeutic strategies with CRS and HIPEC, which are likely 
to achieve prominent clinical benefits in selected patients, and was 
introduced and popularized for the treatment of PM of appendi-
ceal neoplasms by Sugarbaker [24]. Since then, it has been ex-
panded to cases of CRC patients, the value of CRS with HIPEC in 
CRC-PM has been studied in many single-institute studies that 
reported better survival outcomes compared with systemic che-
motherapy alone [25-29]. 

COLORECTAL CANCER WITH 
HYPERTHERMIC INTRAPERITONEAL 
CHEMOTHERAPY 

Randomized controlled trials (RCTs) and up-to-date meta-analy-
ses provide firm evidence that CRS plus HIPEC could significantly 
improve OS compared with systemic chemotherapy alone in se-
lected patients with CRC-PM. In 2003, Verwaal et al. [30] showed 
improved OS in patients treated with CRS plus mitomycin C-based 
HIPEC and the same adjuvant chemotherapy using 5-fluoroura-
cil/leucovorin (5-FU): 12.6 months in the standard treatment group 
vs. 22.3 months in the CRS plus HIPEC group (P= 0.028). Specif-
ically, in patients amenable to complete resection, CRS plus HIPEC 
showed a 5-year OS of 54%. They updated the median follow-up 
period in their initial study from 21.6 months to 8 years and streng-
thened their previous results [31]. This study also showed that the 
prognosis of CRC-PM after CRS plus HIPEC is related to the com-
pleteness of surgical resection. However, some critiques of this RCT 
remain. The systemic chemotherapy used in the study (5-FU/leu-
covorin) was regarded as obsolete. In addition, approximately 17% 
(18 of 105) of the patients in the trial had appendiceal adenocarci-
noma. A relatively high mortality rate in the CRS plus HIPEC arm 
was reported (8%). Nevertheless, even with these striking results, 
this study could not lead to an evolutionary paradigm shift in the 
treatment of CRC-PM, which has progressed to slow implemen-
tation in highly experienced centers and gradually accumulating 
evidence. 

Most importantly, the role of CRS and proportion of the benefit 
that results from HIPEC have been questioned in the era of incre-
asingly more advanced systemic chemotherapy for metastatic CRC. 
In terms of the role of CRS after the introduction of FOLFOX (fo-
linic acid, fluorouracil, and oxaliplatin) treatment, 2 case-control 
studies compared outcomes in patients undergoing CRS with those 
in matched patients treated with systemic therapy alone. They found 
a superior OS in surgically treated patients (63 vs. 24 months and 
35 vs. 17 months, respectively) [32, 33]. In addition, a single-insti-
tution RCT (closed early) compared surgery and early postopera-
tive intraperitoneal chemotherapy (EPIC) using 5-FU as an adju-
vant setting with 6 months of systemic FOLFOX treatment alone. 

Despite early termination, this study showed that the median OS 
durations were 25 months in the surgery arm and 18 months in 
the chemotherapy arm (P= 0.04), confirming the superior sur-
vival to that of systemic chemotherapy alone even in the era of 
FOLFOX treatment [34]. Second, there was a concern that the con-
tribution of intraperitoneal chemotherapy (either form of HIPEC 
or EPIC) would exist. Recently, an RCT that aimed to assess the 
specific contribution of adding HIPEC to CRS in comparison with 
CRS alone did not show a survival benefit for HIPEC. A total of 
265 patients were enrolled, and all patients received systemic che-
motherapy. Patients in whom complete macroscopic resection or 
surgical resection with less than 1-mm residual tumor tissue was 
completed were randomly assigned (1:1) to CRS with or without 
oxaliplatin-based HIPEC. After a median follow-up duration of 
64 months, the median OS durations were 42 months in the CRS 
plus HIPEC arm and 41 months in the CRS arm (P= 0.99) [35]. 
The authors failed to show evidence of an improvement in OS 
with the addition of HIPEC compared to that of CRS alone. It was 
the first report of the specific role of HIPEC, which was contrary 
to traditional beliefs. In addition, the complication rate was also 
higher in the HIPEC group. The authors suggested that CRS alone 
should be the cornerstone of treatment strategies for CRC-PM. 
However, many criticisms of this study suggest that HIPEC should 
not be abandoned prematurely. First, the enrolled patients were 
heavily pretreated, as 219 of 265 (83%) patients received preoper-
ative chemotherapy (of whom, 127 [58%] received 6 or more cy-
cles), probably FOLFOX, with a long interval between the diag-
noses of CRS-PM and CRS (median intervals of 149 days in the 
CRS plus HIPEC group and 164 days in the CRS group). As stated 
by the authors, these selected patients might have been good re-
sponders to preoperative chemotherapy and had fewer additional 
survival benefits of adding oxaliplatin-based HIPEC. Second, the 
use of mitomycin C-based rather than oxaliplatin-based HIPEC 
is unlikely to have resulted in a different outcome from those of 
this study. Regarding the status corresponding to the biology of 
CRC-PM, the majority of CRC-PMs (75%) were classified as CMS4. 
In addition, this subtype is less sensitive to oxaliplatin-based che-
motherapy than the other subtypes [36]. The finding that CMS4 
is the predominant subtype in CRC-PM, in addition to its resis-
tance to oxaliplatin, could be another reason why trials using ox-
aliplatin-based HIPEC have failed to show survival benefits. 

PRESSURIZED INTRAPERITONEAL 
AEROSOL CHEMOTHERAPY

The major limitations of intraperitoneal chemotherapy with la-
vage are low tissue penetration and inhomogeneous distribution. 
Instead of distributing the chemotherapeutic agents in the perito-
neal cavity in the form of a fluid solution, in pressurized intraperi-
toneal aerosol chemotherapy (PIPAC), the drug solution is aero-
solized. Aerosols consist of 2 phases; fluid (droplets) and gaseous. 
Gases are distributed homogeneously within a closed space; there-
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fore, homogenous distribution of the drug throughout the entire 
abdominal cavity is more prominent than with a fluid solution. In 
addition to an even distribution, a relatively high pressure is cre-
ated between the peritoneal cavity and interstitium of the perito-
neal tumor. Consequently, the biodistribution of substances in the 
peritoneum is improved. PIPAC is a novel approach in the pallia-
tive treatment of non-resectable PM based on laparoscopically 
administered aerosolized chemotherapy into the hyperbaric cap-
noperitoneum. This concept of “therapeutic pneumoperitoneum” 
was first described in 2000 [37]. The authors proposed that this 
concept could be applied as a promising platform for the treatment 
of peritoneal cancer, prevention of port-site recurrences, immu-
nomodulation, analgesia, peritonitis, and prevention of postoper-
ative adhesions. However, due to technical limitations, it was im-
possible to immediately implement this concept clinically; hence, 
a new device to overcome these technical problems was developed 
a decade later [38]. The drug distributions applied by PIPAC and 
peritoneal lavage were compared in an ex vivo study. The authors 
demonstrated that the aerosolized test substance (Dbait) was bio-
logically active up to 1 mm in depth and showed more activity in 
tumor nodules than in bare peritoneum, whereas no activity was 
found in the conventional lavage samples [39]. However, conflict-
ing results have been found in recent studies on candidate molec-
ular distribution and tissue concentrations of PIPAC. To date, no 
clear indications for PIPAC in the treatment of CRC-PM have been 
reported. Although trials on the use of PIPAC-directed treatment 
as prophylaxis for intraperitoneal metastases are currently ongo-
ing, PIPAC is considered a palliative treatment. Moreover, it is cur-
rently regarded as an alternative treatment for patients who are 
ineligible for radical treatment. Solass et al. [39] reported a multi-
center, single-arm, phase 2 trial that aimed to assess the safety and 
antitumor activity of oxaliplatin-based PIPAC in patients with un-
resectable CRC-PM. Non-negligible major adverse events (15%) 
occurred, and minor adverse events were common. Despite the 
considerable response of biochemical, pathological, cytological, 
and ascites amounts, no radiological or clinically relevant macro-
scopic responses were observed. Currently, data regarding the fea-
sibility, toxicity, quality of life, and assessment tools for quantify-
ing treatment response are lacking; therefore, future studies should 
address these issues.

PREVENTION OR EARLY DETECTION OF 
COLORECTAL CANCER-PERITONEAL 
METASTASIS

As described above, PM remains difficult to detect, both clinically 
and radiologically. T4 disease, tumor perforation, ovarian metas-
tases, and positive ascites cytology are well-known risk factors for 
recurrence in the peritoneum after index surgery for CRC [23, 
40]. Patients with a high probability of PM can be categorized into 
2 distinct approaches: prophylactic HIPEC and invasive surveil-
lance, such as systematic second-look surgery. 

The role of prophylactic HIPEC was evaluated in the COLOPEC 
trial [41]. This study enrolled 204 patients and randomly assigned 
patients with either T4 or perforated colon cancer to either adju-
vant HIPEC with standard systemic chemotherapy or surveillance 
with systemic chemotherapy. They aimed to evaluate peritoneal 
recurrence-free survival (PFS) at 18 months, as determined based 
on CT and/or laparoscopy. In the intention-to-treat analysis, there 
was no difference in PFS at 18 months: 80.9% (95% CI, 73.3–88.5) 
in the experimental group vs. 76.2% (95% CI, 68.0–84.4) in the 
control group (P = 0.28). The authors did not recommend the 
routine use of adjuvant HIPEC with oxaliplatin in patients with 
T4 or perforated colon cancer. Some investigators have similarly 
proposed the concept of ‘‘systematic second-look surgery and 
HIPEC’’ in the absence of any signs of recurrent disease in high-
risk patients. The PROPHYLOCHIP trial randomized patients to 
either second-look surgery plus prophylactic HIPEC or standard 
follow-up after 6 months of systemic chemotherapy. After a me-
dian follow-up of 51 months, the 3-year disease-free survival rates 
were 53% in the standard follow-up arm vs. 44% in the second-
look surgery arm (P= 0.82). The OS rates did not vary at 3 years 
(80% vs. 79%) and 5 years (72% vs. 68%) [42]. These 2 trials, which 
both failed to demonstrate their primary endpoint, indicated that 
“proactive” oxaliplatin-based HIPEC can no longer be recommended. 
However, possible explanations for these negative results originate 
from several factors: inadequate intervention timing, relatively 
short use of oxaliplatin-based 30-minute HIPEC, and ineffective 
inclusion criteria to identify a population of patients with colon 
cancer with a sufficiently high risk of PM. Hence, future studies 
should address these questions. 

PROCEDURE OF CYTOREDUCTIVE 
SURGERY AND HYPERTHERMIC 
INTRAPERITONEAL CHEMOTHERAPY

The 6 peritonectomy procedures originally include (1) greater 
omentectomy–splenectomy, (2) left upper quadrant peritonec-
tomy, (3) right upper quadrant peritonectomy, (4) lesser omentec-
tomy–cholecystectomy with stripping of the omental bursa, (5) 
pelvic peritonectomy with sleeve resection of the sigmoid colon, 
and (6) antrectomy [24]. However, splenectomy and antrectomy 
are not always recommended, and nodules at the serosal surface 
are stripped using Metzenbaum scissors. We performed en bloc 
peritonectomy of the parietal peritoneum and pelvic peritoneum 
through a long midline incision from the xiphoid process to the 
pubic bone to achieve completeness of cytoreduction (CCR) of 
CRC-PM in visceral organs, such as the stomach, colon, and in-
trapelvic organs simultaneously (Fig. 1).

On completion of the surgery, the CCR score was recorded: CCR-
0, no residual macroscopic tumor; CCR-1, residual tumor depos-
its <2.5 mm in diameter; and CCR-2, residual tumor deposits >2.5 
mm in diameter [43]. After completing CRS (CCR-0 or CCR-1), 
HIPEC was performed using the open coliseum technique with 4 
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L of physiological saline (0.9%) as the perfusate. The target tem-
perature was 42.5°C to 43.5°C, and the treatment time was 30 to 
60 minutes.

Maximal CRS was performed to remove the primary tumor with 
acceptable margins and any involved adjacent tissues and organs, 
regional lymph nodes, and peritonectomy. Unresectable tumors 
were cauterized using a ball-tipped electrosurgical device. The 
CCR score was evaluated before HIPEC [44]. Subsequently, HIPEC 
was implemented using the open Colosseum or closed techniques. 
We used the latter, and the inlet and outlet tubes were inserted 
through 12-mm balloon trocars. Thermosensor catheters were 
introduced beside the trocars.

As described, HIPEC can be performed in a closed or open ab-
dominal cavity. The open technique allows for continuous mani-
pulation during the procedure, whereas the closed technique may 
cause reduced drug exposure in the medical team. Many hypo-
thetical advantages and disadvantages have been assumed, but 
these have not been clinically proven. One literature survey re-
vealed that of the 171 HIPEC studies, the open method was inves-
tigated in 44%, whereas the closed technique was used in 25%. The 
remainder of the publications might cover many cases wherein 
the technique used was not reported [45]. 

Currently, there are 3 main types of intraperitoneal chemother-
apy: HIPEC, sequential postoperative intraperitoneal chemother-
apy (SPIC) [46], and EPIC [25]. HIPEC and other modalities can 
be combined [47]. In HIPEC, the temperatures used are above 
physiological levels of 37°C (usually 41°C–43°C; temperatures 
above 44°C cause apoptosis in normal cells). Both EPIC and SPIC 
are postoperative normothermic treatments. EPIC is an intraperi-
toneal chemotherapy treatment administered in the immediate 

postoperative period, usually 4 to 6 days after surgery, whereas 
SPIC is an adjuvant treatment administered over 6 months. EPIC 
and SPIC were evaluated in RCTs; however, these were conducted 
more than 30 years prior or have not been adequately addressed 
because they had to be terminated prematurely due to slow recruit-
ment [34, 48]. Although some case-control studies have demon-
strated that HIPEC combined with EPIC is associated with im-
proved survival, an increasing trend toward performing CRS plus 
oxaliplatin-based HIPEC makes EPIC a less preferred option [46, 
49]. Moreover, the additive tumoricidal effect of hyperthermia, 
which is mainly used in landmark RCTs, lack of robust data due 
to early termination of prospective studies using EPIC or SPIC, 
increased concern for complications caused by long-term expo-
sure to cytotoxic drugs, and short intraoperative chemotherapy 
duration of currently used oxaliplatin-based HIPEC (30 minutes) 
make HIPEC a more preferable modality than EPIC or SPIC [50, 
51]. Nonetheless, the effectiveness of intraoperative intraperito-
neal chemotherapy is highly dependent on the presence of che-
motherapeutic agents but not on hyperthermia, based on an ex-
perimental study [52]. As with many cases in this field, to date, no 
RCTs have compared EPIC with HIPEC. In this regard, the ICA-
RuS trial attempts to address some of these questions; it aims to 
delineate a survival benefit from heated mitomycin C-based HIPEC 
for a 100-minute treatment vs. normothermic 5-FU-based EPIC 
[53]. 

NEOADJUVANT CHEMOTHERAPY BEFORE 
CYTOREDUCTIVE SURGERY AND 
HYPERTHERMIC INTRAPERITONEAL 
CHEMOTHERAPY 

CRC-PM mostly arises from advanced primary tumors with a 
high risk of systemic spread. Hypothetically, neoadjuvant systemic 
therapy may decrease the intraperitoneal tumor load, and periop-
erative systemic therapy may eradicate systemic micrometastases. 
In contrast, perioperative systemic chemotherapy can cause toxic 
effects. For example, it may increase postoperative complications, 
especially when VEGF inhibitors are added [54, 55]. However, 
there is currently no consensus regarding this issue both in neo-
adjuvant and adjuvant settings, in the treatment of CRC-PM in 
patients undergoing CRS plus HIPEC. Two previous systematic 
reviews failed to provide firm evidence and concluded that there 
is no high-level evidence to guide systemic chemotherapy [56, 
57]. As a result, the decision to add neoadjuvant and/or adjuvant 
chemotherapy after CRS plus HIPEC is at the discretion of an ex-
pert. Fortunately, some RCTs have enrolled patients. Of these, the 
recently published COMBATAC trial showed the importance of 
intention-to-treat analysis in neoadjuvant settings. In the COM-
BATAC trial [58], patients with CRC-PM and appendiceal PM 
were included and treated with preoperative systemic polychemo-
therapy plus cetuximab followed by CRS plus HIPEC and postop-
erative systemic polychemotherapy plus cetuximab. Although this 

Fig. 1. (A) Pelvic peritonectomy. (B) Peritonectomy of left upper qua-
drant. (C) En bloc peritonectomy with stomach, spleen, and colon ex-
cept for small bowel. (D) Visceral peritonectomy of small bowel mes-
entery. Clinical images from Chonnam National University Hwasun 
Hospital.

A B

C D



Annals of

Coloproctology

www.coloproctol.org

Treatment for Peritoneal Metastasis of Patients With Colorectal Cancer

Young Jin Kim and Chang Hyun Kim

430

trial was prematurely terminated because of slow accrual, the study 
provided important insights into the neoadjuvant treatment of 
CRM-PM on an intention-to-treat basis. It is highly probable that 
a high proportion of patients would not proceed with CRS plus 
HIPEC after neoadjuvant systemic chemotherapy. Of the 25 pa-
tients who received neoadjuvant treatment, CRS plus HIPEC was 
administered only in 14 patients. A significant rate of patient drop-
out during neoadjuvant treatment should be considered, and a se-
lection bias is likely to be entailed. Consequently, the remarkably 
good survival in the PARODIGE-7 trial [35] could be partially 
explained. 

To address this issue in an RCT, the Dutch CAIRO trial [59] was 
initiated in 201 and published in 2021. In their randomized phase 
2 trial (combined phase 3 trial), 79 patients were randomized to 
perioperative systemic therapy (experimental arm) or CRS plus 
HIPEC alone (control arm, open technique with either mitomy-
cin C (35 mg/m2, 90 minutes) or oxaliplatin (460 mg/m2, 30 min-
utes) with intravenous leucovorin (20 mg/m2, 10 minutes) and 
5-FU (400 mg/m2, 15 minutes) according to a local protocol. The 
trial arms did not differ significantly in terms of the proportions 
of macroscopic complete CRS (experimental, 89%; control, 86%) 
and major postoperative morbidity (experimental, 22%; control, 
33%). Accordingly, the authors suggested that perioperative sys-
temic chemotherapy may be feasible and safe for CRC-PM, justi-
fying a phase 3 trial. 

 
INTRAPERITONEAL TARGETED THERAPY

Intraperitoneal bevacizumab therapy has been theorized to im-
prove outcomes in patients with malignant ascites. VEGF expres-
sion decreases in ascites after intraperitoneal bevacizumab admi-
nistration [60]. Ziv-aflibercept, a recombinant protein that inhib-
its the VEGF pathway, has a stronger anticancer effect than that of 
bevacizumab in CRC in animal models. In this regard, intraperi-
toneal ziv-aflibercept may be a valuable candidate for palliating 
refractory ascites without causing severe adverse events in patients 
with CRC-PM [61].

INTRAPERITONEAL IMMUNOTHERAPY

Intraperitoneal immunotherapy is a promising approach that is 
currently under active investigation for patients with advanced 
PM. Advances in cancer immunotherapy over the last 3 decades 
have yielded state-of-the-art therapies with invaluable potential. 
Today, multiple treatment strategies involving the utilization of an 
immune response to tumor cells are available. These include anti-
body-, T-cell-, and viral-based approaches; each approach has 
unique challenges and advantages. For this reason, a combinato-
rial approach to immunotherapy is an attractive and ongoing fo-
cus of investigation. For example, in April 2009, catumaxomab 
was approved for intraperitoneal immunotherapy in Europe, to 
control malignant ascites in patients with epithelial cell adhesion 

molecule-positive cancer [62]. Despite early assurance for the man-
agement of CRC-PM, further clinical trials are necessary. Never-
theless, intraperitoneal immunotherapy will definitely be a future 
treatment for CRC-PM. 

CONCLUSION

Once regarded as an untreatable condition with an invariably poor 
outcome, the introduction of CRS plus HIPEC has changed the 
perspective for patients with CRC-PM. The most important prog-
nostic factors in the treatment of CRC-PM are PCI and CCR. En 
bloc peritonectomy can help achieve CCR-0 effectively. However, 
some critiques of HIPEC have been raised since the remarkable 
publication of the associated trial. In this regard, we await the re-
sults of the PRODIGE-7 trial, which will provide firm evidence to 
further improve treatment and future studies. However, abandon-
ing the concept of intraperitoneal drug delivery based on this trial 
alone appears premature. Although complete resection based on 
state-of-the-art surgery will remain the cornerstone of treatment, 
the integration of our knowledge on molecular biology, various 
drug delivery systems such as PIPAC, and the development of new 
drugs specifically targeting CMS4 will revolutionize treatment in 
this field. With these changes, regionally targeted therapy may in-
clude VEGF inhibitors and intraperitoneal immunotherapy with 
cytokines, cytotoxic T cells, and/or natural killer cells; hence, the 
eradication of immunosuppressive cell therapy is promising. 
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