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Abstract. Peritoneal carcinomatosis, as well as the presence 
of liver metastases from colorectal cancer, has been long 
considered as the sign of a systemic disease, transforming the 
patient into a candidate for palliation and best supportive care. 
However, in recent decades, progress in the field of medical 

and surgical oncology has allowed scientists worldwide to 
produce curative therapeutic strategies for these cases such 
as hyperthermic intraperitoneal chemotherapy (HIPEC) or 
extended liver resection. In addition, the association of these 
two therapies has also been performed with encouraging 
results. The aim of the current study was to review articles 
published thus far in regard to the association of these two 
therapeutic strategies, in order to identify which cases can 
benefit the most, which is the most efficient agent or combina‑
tion of agents, and whether these types of therapy should be 
performed as monotherapy or as a two‑stage procedure.
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1. Introduction

Peritoneal carcinomatosis from gastrointestinal primary 
tumors has been regarded as a sign of advanced stage disease, 
in which the patient could only be proposed for palliative 
medical care. In this context, patients with such diseases were 
usually submitted to centers for best supportive care, their 
lifespan being limited to a few months; therefore, patients 
presenting peritoneal or hematogenous metastases from 
colorectal cancer were reported to have a mean survival rate 
of 8‑10 months (1). However, in recent decades, improvement 
in the field of surgery and oncology as well as the wide imple‑
mentation of multidisciplinary onco‑surgical meetings have 
led to the development of new therapeutic strategies (2‑5). 
Therefore, these cases are no longer regarded as candidates 
for palliative care exclusively and other therapies, such as 
cytoreduction and the intraperitoneal administration of 
chemotherapeutic agents, have been proposed. The method 
currently known as hyperthermic intraperitoneal chemo‑
therapy (HIPEC) has proven to be efficient in cases presenting 
colorectal cancer and peritoneal metastases, with improved 
rates of survival being reported at present (6‑10). Once these 
benefits were demonstrated, attention was focused on deter‑
mining whether this method should be reserved for patients 
presenting solely with peritoneal metastases or whether it can 
be extended to cases presenting an association between peri‑
toneal and hematogenous lesions. Among the most intensively 
debated subjects regarding the association between HIPEC 
and other visceral resections, that of the association with liver 
resection is a crucial one.

2. The role of HIPEC in patients with synchronous liver 
metastases and colorectal cancer

The effectiveness and safety of HIPEC in the setting of peri‑
toneal carcinomatosis from colorectal cancer was initially 
demonstrated in  2003 in a study that was conducted on 
105 patients submitted to systemic chemotherapy or cytore‑
ductive surgery and HIPEC. The median survival time was 
12.6 months in the standard chemotherapy arm and 22.3 months 
in the HIPEC arm, the difference being statistically signifi‑
cant (P=0.032) (11). Five years later the same study group 
updated the results and reported a disease‑specific survival 
of 21.6 months in the chemotherapy arm and 22.2 months in 
the HIPEC arm (12); however, it was determined that HIPEC 
should be reserved for extremely highly selected cases, due to 
the fact that it may induce a significant degree of perioperative 
morbidity and mortality. Improvement in the perioperative 
management of these patients gradually led to a significant 
decrease in the perioperative rate of complications. In this 
respect, attention was focused on the possibility of association 

between cytoreductive surgery and HIPEC and other visceral 
resections.

Initially it was considered that HIPEC was not indicated 
in cases presenting liver metastases. However, this hypothesis 
changed following the first studies that reported acceptable rates 
of postoperative complications as well as an improved survival 
rate (11). Therefore, in a study conducted by Elias et al on 
24 patients with peritoneal metastases from colorectal cancer 
submitted to HIPEC, the authors reported a 5‑year survival 
rate of 41.5% in the absence of liver metastases and 23.6% in 
the presence of liver involvement (13). Although apparently 
the difference between the two values is a significant one, it 
should be considered that, in the absence of surgical treatment, 
cases presenting both liver and peritoneal metastases rarely 
report a longer than 12‑month survival (13). A similar conclu‑
sion was also demonstrated by the meta‑analysis conducted by 
de Cuba et al (14). Authors of that study underlined the fact 
that, although patients submitted to debulking surgery, liver 
resection and HIPEC reported a poorer long‑term survival 
when compared to those submitted to debulking and HIPEC in 
the absence of liver metastases, their long‑term outcomes were 
significantly improved when compared to cases submitted to 
standard systemic chemotherapy (14).

Another interesting study conducted on this aspect was 
published by Tan et al, who demonstrated that the outcomes 
of patients submitted to cytoreductive surgery and HIPEC are 
similar to those reported by patients submitted to liver resec‑
tion for colorectal liver metastases, and therefore concluded 
that a similar surgical approach should be taken into consider‑
ation in cases presenting such types of distant metastases (15).

In due course, more extended studies came to demon‑
strate that performing cytoreductive surgery, including liver 
resection, and HIPEC does not increase morbidity while the 
long‑term outcomes reported an improved long‑term survival 
when compared to standard chemotherapy (16‑20).

The most important studies conducted on the issue of 
combined cytoreductive surgery, liver surgery and HIPEC in 
the setting of metastasis to the liver, peritoneal carcinomatosis, 
and colorectal cancer are summarized in Table I.

As observed from the aforementioned data, the aim of 
examining the association between cytoreduction, HIPEC 
and liver resection was to improve the long‑term outcomes 
of these patients, encouraging surgeons worldwide to include 
this therapeutic approach in their armamentarium (21‑24). As 
for the preferred agent for HIPEC, this tended to change from 
mitomycin to oxaliplatin alone or was combined with 5 fluo‑
rouracil (bidirectional HIPEC); in this respect certain authors 
suggested routine replacement of mitomycin with oxaliplatin, 
albeit this option is currently being debated (25,26). However, 
irrespective of the type of chemotherapeutic agent, it can 
be observed that the rates of perioperative deaths remained 
acceptable while long‑term survival was significantly 
improved.

3. Patient selection for HIPEC

As expected, the most important prognostic factors which 
seem to influence the long‑term outcomes of these patients are 
related to the extent of the disease and to the completeness of 
the surgical approach.
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Due to the fact that in this particular category of patients, 
two pathogenic mechanisms of spread are incriminated (the 
hematogenous one which is responsible for the development of 
liver metastases, and the peritoneal one which is responsible 
for the apparition of peritoneal carcinomatosis), it is evident 
that each type of spread should be discussed and analyzed in 
detail. Peritoneal carcinomatosis is expected to be found in 
up to 15% of cases at the time of initial diagnosis; moreover, 
up to 50% of cases will experience peritoneal recurrence at 
a certain time point in their disease  (27,28). Additionally, 
up to 45% of patients diagnosed with colorectal cancer are 
likely to develop liver metastases at a certain time point in 
their life (29). Therefore, both situations can be commonly 
encountered in advanced stage or relapsed disease simultane‑
ously. Concerning peritoneal involvement, this parameter is 
best evaluated via the peritoneal carcinomatosis index (PCI) 
(based on the protocol of Sugarbaker)  (5). Once the value 
obtained during peritoneal exploration increases, the likeli‑
hood of successful treatment is proportionally decreased; 
therefore, in peritoneal carcinomatosis from colorectal cancer 
it has been demonstrated that cases having a PCI value ≤10 
are expected to benefit most from HIPEC, while in cases in 
which PCI is ≥20 the benefit is a minimal one, transforming 
the intervention into a palliative one (30,31). However, the 
degree of differentiation of the tumor should be also taken 
into account; therefore, patients presenting well‑differentiated 
neoplasms are expected to benefit from an increased survival 
even in the context of a PCI ≥10, and even ≥20, while cases 
presenting poorly differentiated tumors are expected to have a 
poor response at ≤10 PCI (32).

Regarding PCI values and the likelihood of successful 
treatment Hentzen et al (33) introduced a hypothesis, delta PCI, 
which seems to be a more reliable tool in order to identify cases 
that may benefit most from debulking and HIPEC. Authors of 
that study considered all patients as potential candidates for 
debulking and HIPEC. Consequently, all the patients were 
initially submitted to laparoscopy in order to evaluate the PCI. 
Furthermore, cases in which laparoscopic evaluation deter‑
mined that debulking surgery and HIPEC were feasible, were 
submitted to cytoreductive surgery by an open approach after 
a median time of one month. Notably, at the time of the open 
approach certain cases presented a significantly higher value of 
PCI (the difference between the two values being identified as 
delta PCI). This difference was explained by Hentzen et al (33) 
using two theories: i) Biological aggressiveness, a hypothesis 
whereby in a very short period of time tumoral cells with a 
higher biological aggressiveness demonstrated a significant 
explosion at the level of the peritoneal cavity, and ii)  the 
hypothesis regarding visibility: During the open approach 
visibility and the possibility of exploration of the peritoneal 
cavity was higher, and therefore, a more accurate evaluation of 
the peritoneal cavity could be performed. Irrespective of the 
incriminated theory, the authors demonstrated that a higher 
delta PCI value was inversely correlated with the likelihood 
of achieving a long‑term survival rate. The authors concluded 
that cases presenting a delta PCI value ≥10 should be rather 
referred to the medical oncologist than to cytoreductive 
surgery and HIPEC; however, no significant correlation could 
be found between the presence and number of liver metastases 
and delta PCI (33).

In 2014, Elias et al (34) demonstrated that, not only PCI 
itself but also the location of the tumoral peritoneal lesions 
should be taken into consideration when establishing the indi‑
cation for debulking surgery and HIPEC. In other words, cases 
presenting a PCI value ≥15 should be considered as having a 
relative contraindication for debulking and HIPEC, whereas 
the presence of distal ileal involvement should be considered a 
negative prognostic factor with regard to long‑term outcomes. 
That study was conducted on 139 patients and reported a 5‑year 
overall survival of 48% for cases with PCI <15 and of only 
12% in cases presenting PCI ≥15. In addition, involvement of 
the distal ileum was associated with a 5‑year overall survival 
of 12%, while cases in which this segment was not affected 
a median overall survival rate of 70% was reported (34). As 
expected, there was no significant correlation between the 
PCI values, the distal ileal involvement and the presence of 
synchronous liver metastases. Furthermore, association of liver 
resection did not negatively influence long‑term outcomes, 
demonstrating once again the benefits of association of the two 
procedures (34).

Liver metastases with colorectal origin are more 
commonly encountered when compared to peritoneal 
carcinomatosis. Once the surgical technique for hepatic 
resection improved, surgical treatment became the option of 
choice whenever complete resection was expected (35‑41). 
In this respect, it is currently expected that 50% of patients 
presenting liver involvement may benefit from complete 
resection (42). The benefits in terms of survival have been 
demonstrated worldwide, and a significant improvement 
of the long‑term outcomes was reported (42). However, it 
seems that the most efficient results were obtained in cases 
presenting ≤3 liver lesions and a maximum diameter ≤3 cm; 
therefore, this special subcategory of patients was expected 
to benefit most from hepatic resections. In addition, patients 
presenting a significant response to neoadjuvant chemo‑
therapy also seemed to have improved long‑term outcome 
after liver surgery (43). Therefore, of importance for this 
special category of patients (presenting limited extent of liver 
disease and good response to neoadjuvant chemotherapy) 
was whether they could be considered good candidates for 
HIPEC, whenever peritoneal carcinomatosis was encoun‑
tered (44).

One of the first consensus statements previously published 
on the issue of peritoneal carcinomatosis and other distant 
metastases stated that these cases should receive the best 
chemotherapeutic and biologic agents. Furthermore, patients 
who report a favorable response to this therapy should be 
considered for cytoreductive surgery and HIPEC (45).

During a survey conducted by the Peritoneal Surface 
Oncology Group International (PSOGI) in  2018, HIPEC 
experts from 19 countries were interviewed with regard to 
their experience in the field of debulking surgery and HIPEC 
for colorectal cancer (46). When it came to the presence of 
liver metastases, a single expert considered that the presence of 
liver involvement should be considered a formal contraindica‑
tion for debulking and HIPEC, while 7 experts considered that 
the presence of ≥3 metastases should exclude the patients from 
HIPEC and cytoreduction, while the remaining 11 experts 
considered that the absolute number of liver metastases is not 
an exclusion criterion. Therefore, the experts recommended 
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performing the procedure with curative intent in all cases in 
which all liver metastases are resectable, as long as complete 
debulking is achievable (46).

The extent of liver involvement was also intensively debated 
during one of the most recent consensus conferences conducted 
on the subject. Accordingly, a maximum number of three liver 
metastases was considered reasonable in order to further submit 
the patient to HIPEC and liver resection  (47). In addition, 
other authors consider that a supplementary condition should 
be considered, that all three lesions be peripheral ones and be 
located in the same liver lobe. Therefore, Vassos and Piso indi‑
cated that, the presence of deeply situated, bilobar or more than 
three lesions should be considered a formal contraindication 
for debulking surgery and HIPEC (48).

Completeness of cytoreduction is another factor to be 
considered in the long‑term outcomes of these patients. 
Therefore, the aim in such cases is to obtain maximal 
debulking surgery with no visible tumoral lesion in order to 
remove all the old malignant cells and to improve the intra‑
peritoneal distribution and effect of the chemotherapy agent. 
However, the histopathological subtype as well as the degree 
of differentiation should also be taken into account (5).

In their attempt to analyze which patients benefit most from 
this combined therapeutic approach Maggiori et al included 
37 patients with peritoneal and liver metastases who were 
matched to 61 patients presenting peritoneal metastases exclu‑
sively (49). Their findings showed that the optimal outcomes in 
terms of survival were reported in patients with PCI values ≤12 
and no liver metastases (median overall survival of 76 months) 
followed by patients presenting ≤12 PCI values and 1‑2 liver 
metastases (median overall survival of 40 months) and by those 
with PCI values ≥12 and ≥3 liver metastases (with a median 
overall survival of only 27 months). Those authors concluded 
that cases with PCI values ≥12 and ≥3 liver metastases should 
not be considered as candidates for surgery with curative intent 
due to the lower long‑term benefits (49). A similar conclusion 
was published by Downs‑Canner et al in 2017 in a study that 
included 32 patients submitted to combined debulking surgery, 
HIPEC and liver resection, and 173 patients submitted solely to 
HIPEC and debulking surgery. Their results demonstrated that 
simultaneous resection of liver metastases should be avoided if 
more than three liver lesions are identified (50).

Markers for patients diagnosed with colorectal cancer and 
undergoing HIPEC, are represented by molecular markers 
including KRAS and BRAF (51). In a recent study conducted 
at the Uppsala University, Sweden, patients presenting BRAF 
mutation tended to have a poor response to debulking surgery 
and HIPEC. Consequently, the aggressive surgical approach 
is not recommended in such cases. Furthermore, there was 
no significant difference in terms of survival between cases 
presenting KRAS mutations and KRAS wild‑type, respec‑
tively, enabling the authors to consider that KRAS status should 
not further influence the decision of performing debulking 
surgery and HIPEC (51). Similar rates of long‑term survival 
for patients presenting RAS mutations and RAS wild‑type, 
respectively, were also reported in the study conducted by 
Morgan et al in 2019 (52). However, authors of that study 
underlined the fact that RAS mutation was associated with 
significantly poorer disease‑free intervals after debulking and 
HIPEC when compared to wild‑type cases (52).

In order to investigate whether age is a formal contrain‑
dication for performing such an aggressive procedure, the 
Spanish study group led by Cascales‑Campos performed an 
analysis on 36 patients, ≥75 years of age, who were submitted 
to debulking surgery and HIPEC for peritoneal carcinomatosis 
from colorectal cancer. Of the 36 cases, the authors reported a 
rate of major complications of 14% as well as a postoperative 
mortality rate of 5.4%, values that may be deemed accept‑
able when compared to those reported in younger groups of 
patients (53). Concerning the type of chemotherapeutic agent 
employed for intraperitoneal administration, oxaliplatin was 
used in 36% of cases, followed by mitomycin in 33% of cases, 
mitomycin in association with doxorubicin in 19% of cases 
and irinotecan in 11% of cases. Association of liver resections 
with hepatic surgery was 8% of cases and consisted of minor 
hepatectomies. By contrast, results of the univariate analysis 
revealed the association of liver surgery and hepatic metas‑
tases with a significantly poorer long‑term survival, enabling 
the authors to consider that in this subgroup, the age associa‑
tion with liver surgery should be carefully analyzed (53).

4. Two‑stage procedure versus one‑stage procedure

Although the effectiveness and safety of liver resection as 
part of cytoreductive surgery followed by HIPEC has been 
widely demonstrated, certain authors went even further 
and investigated whether two‑stage procedures can offer 
any supplementary benefit in terms of reducing the periop‑
erative complication rates such as length of surgery, length 
of hospital stay, need for reoperation and postoperative 
morbidity and even mortality rate  (21,50,54). Findings of 
one of the largest studies demonstrated that the two‑stage 
procedure may be beneficial in order to decrease the rates 
of perioperative complications  (54). Cloyd et al included 
1,168 patients who underwent cytoreductive surgery and 
HIPEC, 100 of whom also required liver resections. The 
authors reported that cases in which cytoreductive surgery 
and HIPEC were associated with hepatectomy patients had 
a longer operative time, a longer hospital stay, a higher 
number of associated surgical procedures and a higher rate 
of postoperative complications. However, the association of 
hepatectomy did not increase postoperative mortality (54). 
Another noteworthy study which came to underline the 
necessity of two‑stage procedures in the setting of colorectal 
cancer with liver and peritoneal involvement was published 
in 2016 by Delhorme et al (21). That study included 77 cases 
submitted to surgery for liver metastases from colorectal 
cancer, 18  cases submitted to cytoreductive surgery and 
HIPEC for peritoneal carcinomatosis from colorectal cancer, 
and 9 cases submitted to cytoreductive surgery, liver resec‑
tion and HIPEC. The long‑term outcomes revealed a median 
overall survival of 27.6 months for patients who underwent 
liver surgery, debulking and HIPEC; 39.1 months for patients 
who underwent debulking and HIPEC; and 52.8  months 
for cases that underwent surgery for liver metastases from 
colorectal cancer. In addition, the 2‑year survival rates were 
78, 67 and 78%, respectively, for patients with liver metastases 
and HIPEC vs. cases undergoing HIPEC and subsequently 
subjected to liver resection only. However, when it came 
to the rates of higher than grade III complications, as per 
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the Clavien‑Dindo classification scale (55), 44% of patients 
underwent debulking, HIPEC and liver resection; 11% under‑
went debulking and HIPEC, respectively, and 20% of those 
underwent liver resection only (21).

Pinto  et  al demonstrated that the presence of bilobar 
metastases should no longer be considered a contraindication 
for debulking, HIPEC and liver surgery; however, in such 
cases the authors recommended a two‑step procedure in order 
to maximize the effect of surgery without increasing the peri‑
operative risks of severe complications (23).

Another type of sequencing which seems to increase 
the likelihood of achieving complete debulking surgery in 
patients presenting extended liver lesions consists of portal 
vein ligation followed by cytoreductive surgery (including 
liver resection) and HIPEC. The method seems to be efficient 
especially in cases presenting more than three hepatic lesions; 
therefore, in the study conducted by Jeon et al, the authors 
reported that 6 of the 22 patients underwent liver resection, 
cytoreduction and HIPEC and benefitted from a two‑stage 
liver approach; of these six cases the number of liver metas‑
tases varied between 3 and 11 lesions (22).

5. Types of chemotherapeutic agents used for HIPEC in 
metastatic colorectal cancer

Initially the most commonly investigated regimen for HIPEC 
was the one represented by mitomycin (17,19,21). Although 
the benefits reported by the use of mitomycin in association 
with HIPEC seemed significant at that time period, progress 
reported in the field of systemic oncological treatment as 
well as the introduction of oxaliplatin‑ and irinotecan‑based 
regimens came to decrease the popularity of mitomycin‑based 
HIPEC. One of the most significant studies, which led to this 
modification in the therapeutic armamentarium of advanced 
stage colorectal cancer, was conducted by Baratti et al (56). The 
study included 48 cases administered oxaliplatin/irinotecan 
perioperative systemic chemotherapy followed by cytoreduc‑
tive surgery and simultaneously 48 controls were administered 
the same regimen of perioperative systemic chemotherapy 
followed by cytoreductive surgery and mitomycin‑based 
HIPEC. The two categories of patients were similar in regard 
to the extent of the peritoneal lesions; the long‑term outcomes 
reported a median overall survival rate of 39.9 months in 
the non‑HIPEC group and 34.8 months in the HIPEC group 
(P=0.7902). In addition, the rates of perioperative complica‑
tions were similar between the two groups, i.e., concerning 
the presence of the liver metastases, they were reported and 
resected in 7 cases in the HIPEC group and in 4 cases in 
the non‑HIPEC group (the difference not being statistically 
significant) (56).

However, due to the improvement in the field of systemic 
therapy and due to the wide introduction of FOLFOX 
(leucovorin calcium, folinic acid, 5‑fluorouracil and oxali‑
platin) and FOLFIRI (leucovorin calcium, calcium folinate, 
5‑f luorouracil and irinotecan) regimens, attention was 
focused on the possibility of using oxaliplatin or irinotecan 
for intraperitoneal administration during HIPEC. Initially, 
administration of heated oxaliplatin at the level of the peri‑
toneal cavity was associated with increased hematological 
toxicity due to the high rates of absorption (which may reach 

68% after administration within 30 min) (57,58). However, 
further studies demonstrated that oxaliplatin can be safely 
administered in the peritoneal cavity. The first data that 
confirmed the efficacy of these agents were published by 
the French study groups conducted by Elias et al (59) and 
Quenet et al (60).

Although the initial trend was to routinely modify the thera‑
peutic strategy and to replace mitomycin‑based HIPEC with the 
oxaliplatin one, certain studies failed to demonstrate the abso‑
lute superiority of platinum‑based chemotherapeutic agents; 
therefore, in certain cases the long‑term outcomes failed to 
demonstrate significantly improved survival after administra‑
tion with oxaliplatin (25,26). A recent study that demonstrated 
that oxaliplatin and mitomycin are in fact associated with 
similar long‑term outcomes, is that by Bakkers et al (26). The 
study included 297 patients subjected to debulking surgery 
and mitomycin/oxaliplatin‑based chemotherapy for peritoneal 
carcinomatosis from colorectal cancer between  2014  and 
2017 (26). Authors of that study demonstrated that 1‑, 2 and 
3‑year survival rates as well as the median overall survival 
rates were similar between the two groups. Specifically, the 
reported median overall survival rate for the mitomycin 
group was of 30.7 and 46.6 months for the oxaliplatin group. 
Additionally, the number of cases presenting visceral, extra‑
peritoneal disease was similar between the two groups, the 
single significant difference being related to tumor location 
(patients undergoing mitomycin‑based HIPEC presented 
more frequently right‑sided tumors). Therefore, the authors 
concluded that no preferred drug for intraperitoneal admin‑
istration could be advised for such cases; thus, further studies 
are required to achieve improved personalization of this treat‑
ment (26). A recent systematic review focusing on mitomycin 
versus oxaliplatin in peritoneal metastases from colorectal 
cancer emphasized the fact that there was no significant differ‑
ence with regard to long‑term outcomes. Nevertheless, patients 
administered oxaliplatin‑based chemotherapy tended to have a 
higher rate of postoperative complications (61).

In this respect, attention was focused on molecular studies 
which aimed to identify potential pharmacogenetic biomarkers 
that might predict the efficacy of mitomycin‑based HIPEC. The 
study by Hulshof et al (62) was conducted in The Netherlands 
on 253 patients who underwent debulking surgery and mito‑
mycin‑based HIPEC and was based on the hypothesis that, in 
order to be effective, mitomycin requires a metabolic activa‑
tion by the enzymes NQO1*2, NQO1*3 and POR*28; therefore, 
the authors suspected that cases presenting a low activity of 
these enzymes may yield a poor response to mitomycin‑based 
HIPEC. The authors observed that the peritoneal recurrence 
rate at three and six months was significantly higher among 
cases presenting the NQO1*3 heterozygous/homozygous 
group; therefore the rates of disease‑free survival were signifi‑
cantly lower among patients presenting the NQO1*3 variant 
allele. However, this difference did not lead to a significant 
difference in terms of survival. In addition, no correlation 
was identified between NQO1*2 or POR*28 polymorphisms 
and the disease‑free survival rate/peritoneal recurrence rate. 
In this respect the authors concluded that personalized thera‑
pies (according to the status of NQO1*3) should be taken into 
consideration for peritoneal carcinomatosis from colorectal 
cancer (62).
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6. Bidirectional HIPEC versus standard HIPEC in meta-
static colorectal cancer

In order to maximize the effects of chemotherapy and to 
minimize the side effects of oncological treatment, the role 
of bidirectional HIPEC was investigated. The study of 
Glockzin et  al  (63) included 190 patients who underwent 
cytoreductive surgery and HIPEC at the University Hospital 
Regensburg for peritoneal carcinomatosis for colorectal and 
appendiceal neoplasms. In all cases intravenous 5‑fluoro‑
uracil was administered approximately 30 min prior to the 
intraperitoneal administration of oxaliplatin and irinotecan, 
respectively. The results of that study showed that, in both 
groups there were also patients who necessitated liver resec‑
tions in order to maximize the debulking effort: One case in 
the oxaliplatin group and four cases in the irinotecan group. 
The short‑term outcomes reported similar rates of periop‑
erative morbidity and mortality, while the long‑term analysis 
revealed similar rates of survival at 3 years between the two 
groups (oxaliplatin versus irinotecan). However, a better trend 
for long‑term survival was observed in patients administered 
oxaliplatin‑based HIPEC. In addition, no complication related 
to liver surgery was encountered, demonstrating in this way 
the possibility of safe association of hepatic surgery for both 
regimens of HIPEC during bidirectional therapy (63).

7. The role of neoadjuvant therapies in the setting of stan-
dard HIPEC

In order to maximize the response to cytoreductive surgery and 
HIPEC, the question of whether neoadjuvant treatment should 
be taken in consideration was addressed. Administration of 
neoadjuvant regimens was expected to decrease the tumoral 
volume and even to convert unresectable disease to resect‑
able lesions, even in the presence of synchronous peritoneal 
and hematogenous metastases (including liver lesions) (64). 
Moreover, the response to neoadjuvant chemotherapy was 
expected to provide a more optimal selection of cases which 
should be further submitted to cytoreductive surgery and 
HIPEC. Consequently a good response to neoadjuvant chemo‑
therapy should be considered a sign of a less biologically 
aggressive tumor, and therefore candidates for surgery with 
curative intent should be selected from this particular subcate‑
gory (65). However, this hypothesis could not be demonstrated 
by Waite  and Youssef who, after conducting a systematic 
review, suggested there is no evidence that administration 
of neoadjuvant chemotherapy may improve the long‑term 
outcomes after cytoreductive surgery and HIPEC in metastatic 
colorectal cancer (66). That article included 16 studies, 10 of 
which included patients with liver metastases at the time of 
initial diagnosis (66).

When it comes specifically to cases diagnosed with 
colorectal cancer with peritoneal carcinomatosis and liver 
metastases, attention should also be focused on the safety of 
association of bevacizumab. It has been widely demonstrated 
that administration of bevacizumab in association with stan‑
dard chemotherapy agents significantly improves the outcomes 
of cases diagnosed with colorectal cancer liver metastasis (67). 
Consequently, bevacizumab has become part of the stan‑
dard therapeutic protocol for this specific subcategory of 

patients (68). Notably, due to its direct effect against vascular 
endothelial growth factor, bevacizumab significantly increases 
the risks of developing ischemic complications. Therefore, it 
has been recognized that bevacizumab administration in the 
setting of the neoadjuvant therapeutic strategy may increase 
the risk of postoperative complications (69). Moreover, in a 
study conducted on 182 patients subjected to cytoreductive 
surgery and HIPEC it was found that in the group in which the 
neoadjuvant therapy consisted of bevacizumab administration 
in association with chemotherapy, the rates of postoperative 
morbidity were double when compared to the group in which the 
neoadjuvant treatment consisted solely of chemotherapy (70). 
However, association of liver resection at the time of cytoreduc‑
tive surgery and HIPEC did not significantly influence the rates 
of major postoperative morbidity. Thus, authors of that study 
recommended that a thorough investigation on the necessity of 
administration of bevacizumab in the setting of neoadjuvant 
therapy is crucial, especially in cases in which debulking and 
HIPEC are carried out as a two‑step procedure (70).

8. Conclusions

Reported data have demonstrated that cytoreductive surgery 
and HIPEC in peritoneal carcinomatosis from colorectal cancer 
is an effective procedure that will help increase disease‑free 
and overall survival even in the presence of liver metastasis. 
However, in such cases success of the procedure is strongly 
correlated with the extent of the disease, as well as with the 
completeness of cytoreduction. Therefore, the method seems to 
be utilized in cases with lower PCI values and in the presence 
of not more than three liver metastases. Concerning the type 
of chemotherapeutic agent that is the most efficient, although 
it has been considered that oxaliplatin is superior to mito‑
mycin, recent studies have failed to demonstrate the universal 
superiority of oxaliplatin. Thus, selection of the agent should 
be carefully personalized in each case. As for the type of 
approach (one stage versus two‑stage procedure) it seems that 
cases presenting a more extensive disease or a poorer biological 
status may benefit more if a two‑stage procedure is performed 
in order to reduce the perioperative risks of complications.
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