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Introduction

A slow shift in treatment is underway in the area of 
colorectal peritoneal metastases (PM). Cytoreductive 
surgery (CRS) and intraperitoneal chemotherapy (IPC) are 
becoming a valid treatment option for this loco-regional 
disease; particularly the hyperthermic type of IPC known 
as hyperthermic intraperitoneal chemotherapy (HIPEC). A 
recent study on CRS and IPC published a median overall 
survival of 34 months in patients with non-gynecological 
malignancies with PM (1). There are a few reports with 
survival results of this procedure being combined with 
hepatic resections for hepatic metastases (HM) in an 
attempt to reach a disease free patient (2-6). Furthermore, 

there are two large multi-centre studies that have included 
hepatic metastases in their multivariable analyses (without 
any specific clinical or survival data). Both studies come 
from France and one shows that concomitant HM is a 
definite negative prognostic factor for overall survival while 
the other one shows no statistical difference in survival (7,8).

One review article from 2009 concluded that while there 
may be some evidence of a survival benefit, the evidence at 
hand is too scarce to make any general recommendations (9). 
Further studies are needed to elucidate the value of treating 
colorectal PM and HM aggressively with surgery. The aim 
of this study was to compare the treatment of colorectal PM 
with CRS and IPC vs. the treatment of colorectal PM and 
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HM with CRS, IPC, and hepatic resections. The overall 
survival, disease free survival, morbidity, and mortality were 
the parameters of main interest.

Patients and methods

Patient selection

From the Uppsala University Hospital prospective database 
of colorectal PM, all patients undergoing simultaneous PM 
and HM treatments were extracted and included in the 
study’s PM/HM group. A second control group (PM only) 
was selected without knowledge of survival by matching 
1:2 for the following parameters: HIPEC or sequential 
postoperative intraperitoneal chemotherapy (SPIC), R1 or R2 
resections, and peritoneal cancer index (PCI) (same PCI ±1  
point). If more than 2 patients were eligible for matching 
than the two patients with the closest treatment date to the 
PM/HM patient were chosen. Clinicopathological variables 
were collected retrospectively from the patient charts as 
well as surgical variables from the operation notes. The  
90-day morbidity and in-hospital treatment-related 
morbidity was reported according to Common Terminology 
Criteria for Adverse Events v3.0 and only grades III to V 
adverse events were registered. The study was approved by 
the Uppsala Regional Ethics board.

Surgical methods

The CRS was performed as previously described with 
different organ resections where needed combined with 
peritonectomy procedures of affected peritoneum (10). The 
aim was to reach macroscopic complete resection of the 
disease which was designated as an R1 resection. Where 
there was macroscopic disease remaining, the patients was 
designated an R2 resection. The PCI is a semi-quantitative 
score that combines tumour nodule size with distribution 
according to 13 abdominal regions and is determined during 
the opening phase of surgery. Each region can have a score 
from zero to three, depending on nodule size; thus, the top 
score with maximal tumour size and distribution is 39 (11). 
The prior surgical score (PSS) is a measure of the extent of 
surgical trauma prior to the CRS and IPC treatment (11).

In the PM/HM group, the HM were determined 
preoperatively by a computer tomography scan. The surgical 
techniques used were classified as either segmental resections 
(involving 1 or more segments), or hemihepatectomies (where 
either the whole left or right lob was resected).

Intraperitoneal chemotherapy methods

Two methods of IPC have been in use at the Uppsala Centre, 
HIPEC and SPIC. HIPEC was performed according to 

the colosseum method as previously described (12). Briefly, 
a Tenckhoff inflow catheter was centrally placed in the 
abdomen and four outflow catheters were inserted through 
separate stab incisions through the abdominal wall. Both the 
inflow and outflow catheters were connected to a perfusion 
pump and a heat exchanger. The skin of the abdomen was 
attached to a retractor ring and covered with a plastic film. 
The intra-abdominal temperature measured with three 
thermal probes was maintained at 41-42 ℃ with a flow rate 
of 1-2 L/min. Electrolyte-free glucose (50 mg/mL) was used 
for the oxaliplatin perfusion. Before perfusion, the body 
temperature was lowered to 35 ℃ with a cooling blanket 
(Allon 2001 Thermowrap, MTRE Advanced Technology 
Ltd. Yavne, Israel). The HIPEC treatment consisted of 
oxaliplatin 460 mg/m2 for 30 min intraperitoneally combined 
with 5-fluorouracil (5-FU) 400 mg/m2 and Leucovorin 
60 mg/m2 intravenously (n=13) or oxaliplatin 360 mg/m2  
and irinotecan 360 mg/m2 for 30 min intraperitoneally 
combined with 5-FU 400 mg/m2 and Leucovorin 60 mg/m2  
intravenously (n=7). In eight patients the HIPEC was 
combined with early postoperative chemotherapy (EPIC) 
administered through the drains placed at the end of the 
surgery. The EPIC treatment consisted of 5-FU 550 mg/m2 
intraperitoneally and Leucovorin 60 mg/m2 intravenously. In 
Table 1, the IPC treatment is detailed.

The SPIC patients received a PORT A CATH (No. 21-
2000-04, SIMS Deltec, Inc., St Paul, MN, USA) placed 
subcutaneously above the periost of the lower ribs with the 
catheter tunnelled through the abdominal wall and directed 
towards the principal tumour site (13). A SPIC treatment 
cycle consisted of 5-FU 500-600 mg/m2 administered 
intraperitoneally and leucovorin 60 mg/m2 administered 
intravenously once a day for six days. A total of eight cycles 
of SPIC were planned with 4-6 week intervals between the 
cycles as an adjuvant treatment over a 6-month period.

Statistics

Comparisons of categorical variables between patients with 
PM/HM and PM alone were evaluated with Pearson’s χ2 

test and continuous variables with the Mann-Whitney U 
test. Survival data were represented by a Kaplan-Meier 
curve and differences were calculated with the two-tailed 
log rank test. Median survival was taken from the curve 
and the confidence interval of the median was calculated. 
Patients were considered censored if they died of causes 
other than cancer or if they were still alive at the last check 
up. Statistical significance was set at P<0.05.

A univariate Cox regression analysis for overall survival 
was used to assess the prognostic value of variables through 
hazard ratios. A multivariable Cox regression model was 
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Table 1 Clinicopathological characteristics of colorectal PM/HM vs. PM only
Characteristic PM/HM (n=11) PM only (n=22) P-value

Date of treatment (month-year) 0.8

First treatment May-1999 Mar-1994

Last treatment Sept-2010 Oct-2009

Median treatment for the group Mar-2007 Jan-2008

Gender (n) 0.4

Male 2 7

Female 9 15

Mean age, years 60 57 1.0

Lymph node status (n) 0.5

Positive 8 14

Negative 3 6

Not reported 0 2

Tumour differential grade (n)  0.06

Well 0 2

Moderate 10 13

Poor 0 7

Not reported 1 0

Mucinous tumour (n) 5 11 0.8

Tumour origin (n) 1.0

Colon 9 18

Rectum 2 4 

Peritoneal cancer index

Mean value (range) 13 [3-36] 13 [4-37] 1.0

Prior surgical score (n) 0.6

0 2 2

1 1 4

2 3 9

3 5 7

Not reported 0 0

Synchronous disease (n)   0.8

Yes 8 15

No 3 7

IPC treatment (n) 1.0

HIPEC [+EPIC] 7 [3] 14 [10]

SPIC 4 8

Median number of treatments 3 3 1.0

Preoperative chemotherapy (n) 0.1

Yes 10 13

1st line or neoadjuvant 10 13

2nd line 2 2

3rd line 1 1

No 1 9

Adjuvant chemotherapy (n) 0.8

Yes 4 7

No 6 14

Not reported 1 1

Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; SPIC, sequential postoperative intraperitoneal chemotherapy; 

EPIC, early postoperative intraperitoneal chemotherapy; PM, peritoneal metastases; HM, hepatic metastases
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constructed using variables from the univariate analysis 
with a P≤0.1. There were 3 variables chosen to be included 
in the multivariable analysis. The stability of the analysis is 
borderline as it is generally accepted that for each variable 
in the analysis there should be 10 completed cases. This 
study had 18 death events and as such the analysis had 6 
death events per variable (14). Calculations were made with 
STATISTICA 10 software.

Results

Participants

From the CRS and IPC database between 1994 and 2010, 
there were 11 patients with concomitant treatment of 
colorectal PM and HM in one procedure (CRS + hepatic 
resection). All of these patients were included in a PM/HM 
group. There were 140 remaining patients in the database 

after extracting the PM/HM group. A selection process was 
conducted according to the methods section. Successful 
1:2 matching was able to be performed according to 
HIPEC/SPIC, R1/R2 resection, and PCI (maximum point 
difference of 1) which amounted to 22 patients for the PM 
only group. Thus, the total study size was 33 patients.

Clinical and surgical results

Baseline clinical and surgical characteristics are presented 
in Tables 1,2. There was only one statistical difference which 
was the number of gastrointestinal resections. One other 
variable came close with a P-value of 0.06 concerning the 
greater number of low differential tumours in the PM only 
group. The median number of SPIC treatments received 
was three in each group. All HIPEC treatments were 
completed as planned. The median number of HM lesions 

Table 2 Surgical characteristics of colorectal PM/HM vs. PM only

Characteristics PM/HM (n=11) PM only (n=22) P-value

Mean bleeding volume 1,955 mL 1,230 mL 0.3

Adjusted median operating time excluding the HIPEC phase 484 min 465 min 0.8

Mean hospital stay in days 14.6 17 0.4

R1 resections [R2] 10 [1] 20 [2] 1.0

Upper abdominal growth >1 region 9 patients 6 patients 0.4

Operating procedures 

Gastrointestinal resectiona 13 35 0.04

Mean/patient 0.85 1.6

Urogenital resectionb 10 22 0.5

Mean/patient 0.9 1.0

Peritonectomyc 40 72 0.7

Mean/patient 3.6 3.3

1-3 resections 7 patients 12 patients

4-5 resections 1 patient 7 patients

6-7 resections 3 patients 3 patients

Greater omentectomy 7 15 0.4

Splenectomy 2 3 0.7

Cholecystectomy 3 3 0.3

Miscellaneousd 0 3 0.2

Hepatic procedures <0.0001

Segmental resections 12 (9 pats) 0

Hemihepatectomy 2 (2 pats) 0
aGastric, small bowel, or large bowel resections; bNephrectomy, ureter/bladder resection, hysterectomy, or salpingoophorectomy; 
cRight iliac fossa, right diaphragm, left diaphragm, left iliac fossa, pelvic, visceral and parietal peritonectomy; dIliac communis re-

section, left adrenalectomy, pancreatic tail resection; Abbreviations: HIPEC, hyperthermic intraperitoneal chemotherapy; PM, peri-

toneal metastases; HM, hepatic metastases
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was 1. Three patients were treated for 2 lesions and one 
patient was treated for 3 lesions.

Preoperative chemotherapy was not significantly different 
but had a numerical tendency (Table 1) while the adjuvant 
treatment did not differ at all. In the PM/HM group, there 
were 17 lines of systemic chemotherapy administered from 
diagnosis till CRS and IPC treatment including adjuvant 
treatment. There were 9 oxaliplatin based treatments, 6 
irinotecan, and 2 5-FU. A combination with biological 
therapy was given in 4 lines - 3 with bevacizumab and 1 with 
cetuximab. In the PM group, there were 23 lines of systemic 
chemotherapy during the same interval from diagnosis 
to adjuvant treatment. There were 14 oxaliplatin based 
treatments, 3 irinotecan, and 3 5-FU. There was missing 
data as to the drugs administered in 3 adjuvant treatments. A 
combination with biological therapy was given in 5 lines—3 
with bevacizumab and 2 with cetuximab.

Recurrence results after R1 resection

In the PM/HM group, there were 10 patients with R1 
resections and 8 of these patients recurred: 1 patient 
recurred with isolated PM, 3 patients recurred with isolated 
HM, 3 patients recurred with both PM and HM, and there 
was insufficient data concerning the location of a recurrence 
in 1 patient. There was 1 postoperative death and 1 patient 
with no recurrences at 42 months. 

In the PM group, there were 20 patients with R1 
resections and 11 of these patients recurred: 2 patients 
recurred with isolated PM, 3 patients developed isolated 

HM, 1 patient developed isolated pulmonary metastases,  
2 patients developed both PM and HM, 2 patients 
developed both HM and pulmonary metastases, and there 
was insufficient data concerning the location of a recurrence 
in 1 patient. There were 9 patients with no recurrences at 
18, 20, 22, 27, 31, 32, 32, 68, and 138 months.

Concerning peritoneal recurrences, there were 36% 
recurrences in the PM/HM group and 18% in the PM group 
(P=0.3). Concerning hepatic recurrences, there were 55% 
recurrences in the PM/HM group and 32% in the PM group 
(P=0.2). Currently, only 1/10 patients with R1 resection remain 
disease-free in the PM/HM group, while 9/20 patients with 
R1 resection remain disease free in the PM group (P=0.05).

Overall survival and prognostic factors

The median follow-up time was 57 months for the PM/
HM group and 45 months for the PM group. The PM/HM 
group had a median overall survival (OS) of 15 months (95% 
CI: 6-46 months) and the PM group had a median OS of  
34 months (95% CI: 19-37 months) as seen in Figure 1 
(P=0.2). The disease free survival (DFS) was 10 months (95% 
CI: 3-14 months) for the PM/HM group and 24 months 
(95% CI: 10-32 months) for the PM group (P=0.1). The  
three-year OS was 30% in the PM/HM group and 47% in 
the PM group and the three-year DFS was 20% and 42%, 
respectively.

There was only 1 univariate prognostic factor which was 
significant and it was the R1 resection variable. It did not 
maintain an independent prognostic value which is probably 
due to the fact that only 3 patients in the entire study were 
R2 resections and the rest R1. HM was not a negative 
prognostic factor in the prognosis analysis (Table 3).

Morbidity and mortality

There were 3 patients (27%) with grade III-IV morbidity 
in the PM/HM group and 6 patients (27%) in the PM 
group (P=1.0). There was one postoperative mortality in 
the PM/HM group and none in the PM group. The most 
common morbidity was postoperative infections requiring 
intravenous antibiotics. Only one fistula occurred in the 
study (PM only group).

Discussion

This is a matched comparison of colorectal PM/HM 
treatment vs. PM treatment alone. Considering the 
tendency towards worse DFS and a significantly increased 
recurrence rate, the concomitant presence of HM should 
definitely be considered a negative prognostic factor even 
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Figure 1 Overall survival of colorectal peritoneal and hepatic 
metastases (PM/HM) vs. peritoneal metastases (PM) alone, P=0.2
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Table 3 Univariate and multivariable Cox proportional hazards analysis for overall survival (n=33)

Parameters Hazar ratio 95% lower 95% higher P value (Multivariable P-value)

Gender (male) 1.38 0.51 3.73 0.5

Age 1.02 0.98 1.05 0.2

Rectum vs. colon 1.69 0.56 5.18 0.4

Positive lymph node 1.06 0.40 2.85 0.9

Tumour differential grade

Low 0.35 0.08 1.57 0.1 (0.16)

Moderate Ref.

High 2.22 0.22 15.6 0.3

PCI 1-20 vs. 21-39 2.92 0.15 55.6 0.5

PSS

PSS 0 0.93 0.17 4.99 0.9

PSS 1 0.72 0.15 3.57 0.8

PSS 2 0.84 0.28 2.50 0.9

PSS 3 Ref.

Choice of IPC

HIPEC + EPIC 1.13 0.27 4.76 0.1 (0.8)

HIPEC alone Ref.

SPIC 2.19 0.74 6.42 0.7

Gastrointestinal resections

0/patient Ref.

1/patient 0.36 0.04 3.00 0.3

2/patient 0.64 0.17 2.34 1.0

3/patient 0.68 0.07 6.88 0.9

Peritonectomy

1-3 procedures 0.54 0.18 1.67 0.4

4-5 procedures Ref.

6-7 procedures 0.73 0.17 3.10 1.0

Hepatic resection

Yes vs. No 1.82 0.71 4.65 0.2

R1 vs. R2 resection 0.26 0.07 0.94 0.04 (0.17)

Abbreviations: PCI, peritoneal cancer index; PSS, prior surgical score; HIPEC, hyperthermic intraperitoneal chemotherapy; EPIC, 

early postoperative intraperitoneal chemotherapy; SPIC, sequential postoperative intraperitoneal chemotherapy

when only a solitary HM is present. This conclusion is 
corroborated by the only other matched study performed in 
this area which was recently published from France (Table 4). 
This study is the largest one to date with only 37 patients 
(matched to 61 PM patients). The presence of concomitant 
HM was shown to be an independent prognostic factor. The 
three-year disease-free survival was poor at only 6%. Their 
conclusion was that synchronous PM and HM disease was 
feasible to operate but that the PCI score should be lower 
than 12 and that the number of HM should be max 2. This 
differs from the earlier Milano consensus, which puts the 
limit at three (16).

The aim of our study was to provide matched groups 
according to the most important prognostic indicators: PCI, 
surgical result, and type of IPC (7,8,17). The matching was 
successful and comparison of clinical and surgical variables 
was highly congruous. Besides the difference of HM, only 
one out of the other 26 variables was statistically different 
(number of gastrointestinal resections) and only one other 
variable was close at P=0.06 (more low tumour grade in the 
PM group). In order to ascertain the effect of these differences 
a univariate and a multivariable Cox proportional hazard 
regression was performed. Both the number of gastrointestinal 
resections and tumour grade had no statistically significant 
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effect on the overall survival (Table 3).
After these analyses results, the effect of HM on the 

overall survival was evaluated. Two methods were used, the 

Table 4 Comparison of studies reporting outcome in combined treatment of PM and HM

Median overall survival (months) 3 year overall survival/disease free survival Mean PCI/median number of HM

Carmignani et al. (2) 

All patients (n=27)a 15 18%/N/A N/A

R1 resections (n=15)a 21 25%/ N/A N/A

Elias et al. (3) 2006

All patients (n=24) 32 41%/24% 8.6/3.6

Kianmanesh et al. (4)

All patients (n=16) 36 N/A/N/A N/A

Chua et al. (6)

R1 resections (n=16)c Not reachedd 55%d / N/A 8/2

Varban et al. (5)

All patients (n=14) 23 28%/N/A N/A/1

R1 resections (n=9) 23 N/A/N/A N/A

Maggiori et al. (15)b

R1 resections (n=37)c 32 40%/6% 11/2

Current studyb

All patients (n=11) 15 30%/20% 13/1

R1 resections (n=10) 30 33%/22% 13.7/1
a11 patients had several combinations of distant metastases and only 16 patients had isolated HM. Survival data is for all 

27; bOnly two controlled study comparison, both case-control; cAll patients were R1 resections; dUnreliable data due to short  

observation time and many censured patients; Abbreviations: PM, peritoneal metastases; HM, hepatic metastases; PCI, peritoneal 
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Figure 2 Disease-free survival of colorectal peritoneal and hepatic 
metastases (PM/HM) vs. peritoneal metastases (PM) alone, P=0.1

two-tailed log rank test of a Kaplan-Meier curve (Figures 1,2) 
and the Cox proportional hazard regression (Table 3). The 
overall survival did not appear to be statistically effected 
by the presence and concomitant treatment of HM; but, 
the study does not have enough power to ascertain this 
adequately. On the other hand, there was a clear tendency 
toward lower DFS in the PM/HM group as seen in Figure 2.  
When comparing recurrences between the groups, it 
becomes increasingly clear that there is a significantly 
higher risk of recurrence in the PM/HM group. Currently, 
only 1/10 (10%) R1 resections in the PM/HM group 
remains disease free, while 9/20 (45%) is disease free in the 
PM group (P=0.05). Furthermore, it is interesting that the 
PM/HM group recurs almost twice as much regardless of 
location compared to the PM group. This is an interesting 
finding as it supports the notion that some patients with 
isolated PM disease may have a different metastatic profile 
and potential. One may speculate that the genetic mutations 
needed for hematogenic growth has not yet been acquired 
in many patients with isolated PM. This may also be 
the reason that some patients become eligible for repeat 
cytoreductive procedures (18).

Most studies report on the overall survival as seen in 
Table 4. Now, this is, of course, a relevant aspect. However, 
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even systemic chemotherapy is now producing low 5-year 
survival rates, but still with very few long term disease free 
survivals (19,20). This is the main difference between these 
two alternatives. The aggressive cytoreductive approach 
is intended to cure. If the curative potential is lost, the 
validity of the treatment at least for colorectal cancer 
could be questioned. The massing evidence for CRS and 
IPC treatment of isolated PM disease is now showing an 
excellent 5-year disease-free survival between 15% and 
32% (18). This needs to be the main aim when reviewing 
results from colorectal PM/HM as well. There needs to be 
a curative potential for this treatment to remain as a valid 
treatment option. Unfortunately, few studies report the 
disease-free survival. There is a need for change here. As 
more centres are now starting to apply the concepts of CRS 
in colorectal PM disease, there will come more reports on 
colorectal PM/HM as well. As such, it is important in future 
studies to keep the disease free survival a key aspect of the 
outcome reporting.

It is also noteworthy that our study hade a significantly 
higher mean PCI score than the others studies (Table 4). 
However, the R1 resections still produced similar results 
as the other studies despite the increase in mean PCI. 
Since the consensus statement from Milano stated that 
concomitant HM with 1-3 metastases appears to not 
affect the overall survival of colorectal PM, our institution 
has implemented this in clinical practice (16). We have 
previously not performed laparoscopic staging and high PCI 
values have not automatically been cause for exclusion or 
open-and-close. Instead, at exploration a decision is made 
by the surgeon whether or not it is technically possible to 
reach a CC 0 score regardless of the PCI. Other institutions 
have had other policies (3,6); and for this reason, this study 
has a significantly higher mean PCI score. Despite this, 
results from our institution remain optimistic, but further 
investigations are needed particularly to determine if long 
term disease-free survival is achievable. This is a necessity 
if the treatment is to be successful in combined colorectal 
peritoneal and hepatic metastases. Since our study showed 
that concomitant HM appears to affect recurrence rates 
and disease free survival, one cannot assume that the same 
improvement over systemic chemotherapy exists as it does 
for PM alone. Therefore, there is a need to re-evaluate 
this treatment option for combined PM/HM disease. A 
randomised trial between systemic chemotherapy vs. CRS, 
IPC, and hepatic resections is called for. Furthermore, the 
Milano consensus may need to be revised as new evidence 
is brought forth demonstrating the negative prognostic 
impact of concomitant hepatic disease.

In conclusion, concomitant treatment of PM and 
HM with CRS/IPC/hepatic resections is feasible with 

no increase in morbidity or mortality, but the risk of 
recurrences is significantly higher in the PM/HM group 
with a tendency towards worse DFS. The curative potential 
of the combination treatment of PM/HM needs to be 
elucidated in future studies, perhaps where possible in phase 
III randomized trials (systemic chemotherapy vs. CRS, IPC 
and hepatic resections).
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