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Abstract

Purpose Peritoneal carcinomatosis (PC) from colorectal cancer (CRC) has poor survival. Multi-modal treatment including
systemic chemotherapy, cytoreductive surgery (CRS), and hyperthermic intraperitoneal chemotherapy (HIPEC) can be used
in selected patients with curative intent. The majority published works consider PC of CRC origin as a homogenous disease.
Aim of this study is to stress the different biological behaviors and survival of PC according to colonic or rectal origin.
Methods Data of CRS and HIPEC procedures for PC of CRC origin performed at MD Anderson Cancer Center-Madrid
(Spain) have been collected, dividing patients into two groups according to colonic or rectal PC. Clinical, operatory, and
postoperatory variables of the two groups have been analyzed to compare survival-related rates and PC origin.

Results In the years 2004-2015, 114 procedures of CRS followed by HIPEC for peritoneal metastasis of different origin
have been performed; of these, 36 procedures were for colorectal PC (31 patients in colonic and 5 in rectal group). Two
groups are homogenous after analysis of clinical, operatory, and follow-up data. Median survival (OS) is significantly higher
in colonic compared to rectal group (47.83 vs. 22.0 months, p 0.008). 3- and 5-year survival rate is 74 and 50% in colonic
group vs. 20 and 0% in rectal group.

Conclusion Rectal origin PC has a more aggressive behavior compared to colonic origin, reflecting in a worst prognosis of
patients affected by rectal origin PC. According to our data and literature, indications of multi-modal treatment including
CRS and HIPEC should be more restrictive for rectal cancer PC. Authors should differentiate colonic and rectal origin of
PC when reporting cases in the literature.

Keywords Colorectal cancer - Peritoneal carcinomatosis - Peritoneal metastases - Cytoreductive surgery - Hyperthermic
intraperitoneal chemotherapy

Purpose

Colorectal cancer (CRC) is the third tumor in Western popu-
lation with a significant impact on cancer-related mortality.
It has been estimated that 10-15% of CR cancers present
with peritoneal metastasis or carcinomatosis (PC) and that
04 M. Tonello 20-25% of patients will develop PC at some point of disease

marco.tonellol @gmail.com evolution, making the peritoneum the second most common
site of CRC metastasis after liver [1-3].
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Spain 6—9 months if not treated. Modern systemic chemotherapy
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not offer a curative possibility. In the last 20 years, cytore-
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ductive surgery (CRS) and hyperthermic intraperitoneal
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chemotherapy (HIPEC) have been employed as a curative-
intent treatment for CRC peritoneal metastasis [4-8]. A
more recent evolution of this concept is involving also poly-
metastatic patients, where patient with CRC PC and limited
liver involvement could be considered for a curative-intent
approach [9, 10].

The majority of papers in the literature consider CRC
peritoneal metastasis as a homogeneous disease without
differentiating colonic or rectal origin. Some works have
reported the difference in biological behavior and survival
between colonic and rectal PC [11-13]. According to these
reports and the experience coming from everyday clinical
practice, we reviewed our own series of patients treated with
CRS and HIPEC for PC from CRC according to primary
tumor origin.

Patients and methods

We retrospectively reviewed data of cytoreductive pro-
cedures combined with HIPEC for colorectal peritoneal
metastasis in the time period 2004-2015 performed ad MD
Anderson Cancer Center—Madrid (Spain). All reported cases
have peritoneal disease with biopsy-proven adenocarcinoma
of large bowel origin. For the study purpose, colorectal
tumors were divided in two groups: tumors originating in
the intraperitoneal colon (colonic group) and tumors origi-
nating below the peritoneal reflection (rectal group). For
each case, we collected patient data (e.g. age, gender, and
BSA), cancer-related data (e.g. clinical stage, synchronous
or metachronous PC, completeness of cytoreduction (CC
score), tumor burden measured by the peritoneal cancer
index (PCI)], and surgical procedure data including asso-
ciated liver resection, number of intestinal anastomosis,
duration of surgery, and transfusions. This study included
only patients with a complete cytoreduction (CCO or CC1),
treated with HIPEC (mitomycin or oxaliplatin-bidirectional
regimen) or early post-operative intraperitoneal chemother-
apy (EPIC). Patients with completely resected liver metas-
tasis (RO) at the same time of peritoneal cytoreduction were
also included.

The mentioned clinical variables, overall survival (OS),
disease-free survival (DFS), and time to death from progres-
sion (TTD) of the two groups (colic vs. rectal) have been
analyzed using Student T test, Chi-square or Fisher exact
test, and log rank (Mantel-Cox) when appropriate, with
SPSS software v. 20.0 (SPSS Inc. Chicago IL).

Results

From 114 procedures of CRS followed by HIPEC for peri-
toneal metastasis of different origins or primary tumor in
period 2004-2015, 36 procedures performed for colorectal
PC have been selected.

Of these 36 patients, 31 had PC from colonic and 5 from
rectal origin. These two groups are homogenous, since there
was not any significant difference in collected variables at
univariate analysis (see Table 1).

17 patients were males and 19 females (for a detailed gen-
der distribution, see Table 1). 15 (41.9%) patients presented
with synchronous PC and 21 (58.1%) developed PC dur-
ing follow-up after primary tumor treatment, with a global
median peritoneal recurrence interval of 19.69 months
(range 5.65-73.38) and group-specific recurrence inter-
val of 20.58 months (range 67.53-5.85) for colonic and
14.47 months (range 11.44—17.49) for rectal origin. Out of
the 15 patients with synchronous PC, 13 were of colonic
and 2 of rectal origin. All patients received systemic chemo-
therapy before CRS and HIPEC procedure, either as adju-
vant treatment after primary tumor resection (23 patients,
21 colonic group, and 2 rectal) or induction treatment before
CRS and HIPEC (19 patients, 16 colonic group, and 3 rectal)
or both (6 patients, all with metachronous PC in colonic
group).

Median global PCI value was 10 (range 2-30), being 10
(range 2-30) in the colonic group and 9 (range 9-26) in the
rectal group. 6 (16.7%) patients had a PCI greater than 20, 5
(16.1%) in colonic, and 1 (20%) in rectal group.

Completeness of cytoreduction (CC score) was 0 in 31
patients and 1 in 4, being 27 CCO and 3 CCl1 resections in
the colonic group and 4 CCO and 1 CC1 in the rectal group.

Early post-operative chemotherapy (EPIC) was per-
formed in 3 patients, all affected by colonic PC, in the first
years of the program; of these, one did only EPIC and two
did HIPEC followed by EPIC. 34 patients were treated with
HIPEC, 13 with mitomycin regimen, and 21 with oxaliplatin
with bidirectional protocol (10 MMC and 19 Oxaliplatin in
colonic group, 3 MMC and 2 Oxaliplatin in rectal group).

Median surgical duration was 550 min (range
40-780 min) and there was no difference between the two
groups in terms of surgery duration, need for transfusion,
associated splenectomy, or numbers of anastomosis done.

10 patients underwent liver resection as part of cytore-
ductive surgery, 3 of them had liver invasion by peritoneal
metastasis, and 7 patients had a pathological confirmed
intraparenchymal liver metastasis (tumor covered by intact
Glisson capsule at pathological analysis); 6 of them in the
colonic group and 1 in the rectal one. In two cases, liver
metastasis were more than 3, while median number of liver
metastasis was 1 (range 1-6).

@ Springer



1270

Clinical and Translational Oncology (2018) 20:1268-1273

Table 1 Clinical variables in
colonic and rectal group

@ Springer

Variable All patients (36)  Colonic group (31)  Rectal group (5)  p value

Gender
Male 17 (47.2) 17 (45.2) 3 (60) ns
Female 19 (52.8) 14 (54.8) 2 (40)

Clinical stage at initial diagnosis
11 5 1 -
I 7 1
v 22 19 3

PC
Synchronous 15(41.7) 13 (38.7) 2 (40) ns
Metachronous 21 (58.3) 18 (61.3) 3 (60)

Chemotherapy
Adjuvant for primary 23 (76.7) 21 (75) 2 (40) ns
Induction before CRS + HIPEC 7 (19.4) 7 (25) 3 (60)

PCI
0-10 22 (61.1) 19 (61.3) 3 (60) ns*
11-20 8(22.2) 7 (22.6) 1 (20)
>20 6 (16.7) 5(16.1) 1 (20)

Completeness of cytoreduction
CCO 31 (88.6) 27 (90) 4 (80) ns
CCl1 4(11.4) 3(10) 1 (20)

Number of liver metastasis
<3 5(71.4) 5(83.3) 0 ns
>3 2 (28.6) 1(16.7) 1 (100)

Splenectomy during CRS
Yes 6 (16.7) 5(6.1) 1 (20) ns
No 30 (83.3) 26 (83.9) 4 (80)

Anastomosis during CRS
<2 31 (86.1) 26 (83.9) 5 (100) ns
>3 5(13.9) 5(16.1) 0

Transfusion
Yes 12 (34.3) 10 (33.3) 1 (20) ns
No 22 (65.7) 20 (66.7) 4 (80)

Intraperitoneal protocol
EPIC 3 3 0
HIPEC (mitomycin) 13 (38.2) 10 (34.5) 3 (60) ns
HIPEC (oxaliplatin) 21 (61.8) 19 (65.5) 2 (40)

Post-operative complication
Grade 2 5 4 1 ns
Grade 3 2 2 0

Post-operative death
Yes 3 3 0 ns
No 33 28 5

Adjuvant chemotherapy after CRS
Yes 16 13 (72.2) 3 (60) ns
No 7 5(27.8) 2 (40)

Recurrence during follow-up
Yes 19 (65.6) 14 (58.3) 5 (100) ns
No 10 (34.5) 10 (41.7) 0

Recurrence site
Peritoneum only 4 (21.1) 3(21.4) 1 (20)
Systemic (not peritoneum) 6 (31.69) 4 (28.6) 2 (40) -
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Table 1 (continued) Variable All patients (36)  Colonic group (31)  Rectal group (5) p value

Systemic (including peritoneum) 7 (36.8) 5(@35.7) 2 (40)

Retroperitoneal only 2 (10.5) 2(14.3) 0

Recurrence treatment

Systemic chemotherapy only 10 (47.6) 6 (37.5) 4 (80)

Second CRS +HIPEC 6 (28.6) 6(37.5) 0 ns**

Liver resection 3(14.3) 2 (12.5) 1(20)

Other 2(9.5) 2 (12.5) 0

In brackets percentages. *p value for PCI>or <20 in colonic vs. rectal; **p value for recurrence re-opera-
tion Yes or No in colonic vs. rectal

Fig. 1 Survival curve of patients
according to origin of PC
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Table 2 Survival median periods in colonic and rectal group calculated from CRS and HIPEC procedure (OS and DFS) or recurrence (TTD)

Survival median periods (in months) and All patients (36) Colonic group (31) Rectal group (5) p value
survival rates (%)

Disease-specific overall survival (OS) 40.52 (3.38-90.54) 47.83 (3.38-90.54) 22.0 (21.40-58.32) 0.008
Disease-free survival (DFS) 15.71 (0-52.31) 16.67 (0-52.31) 12.0 (0-14.63) ns
Time to death from recurrence (TTD) 23.31 (0.43-61.87) 31.3(0.43-61.87) 14.0 (3.35-20.05) 0.0001
3-years OS rate 60 74 20 -
5-years OS rate 34 50 0 -

Mortality rate was 8.3% (3 deaths out of 36 patients, all
in colonic group). Causes of deaths were respiratory failure,
aplasia, and abdominal sepsis without evidence of intestinal
fistula.

Severe complications (grade III or IV of Clavien—-Dindo
classification) occurred in seven (19.4%) patients, all
patients of colonic group [14]. Complications were two

cases of abdominal abscess, one anastomotic leak, one
abdominal hematoma, one eventration, one case of wound
seroma, and one case of severe neutropenia.

Recurrence rate during follow-up after CRS and HIPEC
was 65.5% (19 patients), having peritoneum as the only
affected organ in 4 (21%) patients (for a complete list of
recurrence site, see Table 1). 11 (52.4%) patients with
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recurrence had received a second surgical approach: 6 of
them with CRS and HIPEC, 3 with liver resection, and
2 with other type of surgery; the majority of re-operated
patients were in colonic group (14 out of 15).

Median overall disease-specific survival (OS) was
40.52 months, with a significant difference between colonic
and rectal group (47.83 vs. 22.0 months, respectively, p
0.008). Overall survival rate at 3 and 5 years was 60 and
34%; 3- and 5-year survival rate in colonic group was 74 and
50%, whereas it was 20 and 0% in rectal group (see Fig. 1
and Table 2).

Median disease-free survival (DFS) was 18.05 months
without clear difference in the two groups (19.41 months
in colonic vs. 15.0 months in rectal, p: ns). Overall disease-
free rate at 3 years was 6%; 3-year disease-free rate was
8% in colonic group and 0% in rectal group (see Fig. 1 and
Table 2).

Median time to death (TTD) calculated from progression
was 23.31 months, with a significant difference (colonic 31.3
vs. rectal 14.0 months, p 0.0001), see Fig. 1 and Table 2.

Considering liver metastasis resection, it was not
observed a significant difference in OS and DFS between
patients who underwent liver resection as cytoreductive
procedure, even though patients with liver metastases had
a shorter OS and DFS (median OS 42.6 months for non-
liver vs. 24.0 months for liver metastatic; 3-year survival
rate 66% non-liver vs. 50% metastatic, p: ns; median DFS
19.26 months for non-liver and 18.0 months for liver meta-
static, 3-year disease-free rate 7% for non-liver vs. 0% for
liver metastatic, p: ns).

Conclusion

The aim of this paper is not to report a better survival in a
selected subgroup of patients affected by PC of CRC origin
that can be treated with CRS and HIPEC, as have already
been published, but to stress the different behavior of rec-
tal and colonic peritoneal metastasis in terms of survival
[15-17].

Actually, in the literature, there are a few works that con-
sider rectal and colonic peritoneal metastasis treated with
CRS and HIPEC, and in these papers, sample size of patients
with PC of rectal origin is small.

In 2003, Verwaal and coll. published a paper in which
they analyzed survival in colorectal PC treated with CRS and
HIPEC, reporting that rectal origin PC had a shorter median
survival compared with colon one (16 vs. 21.6 months) [18].

Another paper published in 2006 by Da Silva and coll.,
considered 64 patients with colonic and 6 patients with rec-
tal metastasis with optimal cytoreduction. Survival results
were similar to what we found in our series, with a clear
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difference in terms of median survival (17 months for rectal
vs. 35 months for colonic origin) [11].

Conversely, a more recent work by Votanopoulos and
coll. published in 2013, did not reported a marked differ-
ence in overall survival and disease-free survival according
to PC origin. Sample size of this paper is larger than previ-
ous ones (13 patients in the rectal group, 204 in colonic).
Authors reported a similar median survival between the two
groups of 14.3 months for rectal origin and 17 months for
colonic. The lack of difference between rectal and colon
PC and the low median survival for colonic origin, can be
explained considering that the reported rate of suboptimal
cytoreduction, could mask PC origin effect on survival (49%
of patients with colonic origin and 46% with rectal origin
had a R2 resection) [13].

Some theories have been proposed to explain this differ-
ence in terms of survival for PC of rectal origin. One relates
rectal worst prognosis to primary tumor resection, since it
makes pelvic peritonectomy more difficult and enhances
rectal cancer cell entrapment in pelvic wall [19]. Another
proposed theory suggests that rectal cancer cells of peri-
toneal metastasis have to be biologically more aggressive,
since they have to gain capability of perforating rectal wall
that is thicker than the colon wall. At the moment, there is
no defined explanation for this finding [11].

Regarding survival of patients with liver metastasis
treated at the same time of PC, they have a shorter median
OS and DFS. It has already been reported that poly-meta-
static patients have a worst prognosis than single-organ met-
astatic patients [20, 21]; our data support this finding, but we
cannot draw any conclusion because of the small numbers of
our series and the fact that the majority of liver-metastatic
patients were operated in recent years (2012-2014).

In conclusion, we are aware of these study limitations
related to the small number of patients and its retrospective
nature, but we underline that our aim is to stress the dif-
ferential survival between colonic and rectal origin of PC.

According to our findings and literature data, we think
that indications of CRS and HIPEC for rectal cancer PC at
multidisciplinary discussion should be more restrictive than
for colon PC.

We also suggest that authors differentiate colonic and rec-
tal origin of PC when reporting cases in the literature and
we call for a large-scale multicentric registry of rectal cancer
with peritoneal metastasis treated with CRS and HIPEC as a
further contribution to ascertain the role of CRS and HIPEC
in rectal PC.
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