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Abstract

Purpose To estimate the feasibility and limitations of
incomplete cytoreductive surgery and modern systemic
chemotherapy in patients with synchronous peritoneal carci-
nomatosis from colorectal cancer and to identify risk factors
for death and factors associated with the patient prognosis.
Methods Sixty-five consecutive patients underwent sur-
gery for synchronous peritoneal carcinomatosis from colo-
rectal cancer at Hiroshima University, Japan between 1992
and 2012. The clinical, histological, and survival data were
analyzed for independent risk factors and prognostic fac-
tors. The patients were retrospectively stratified into two
groups according to the extent of surgery: complete cytore-
ductive surgery or incomplete cytoreductive surgery.
Results The median survival times in the complete and
incomplete cytoreductive surgery groups were 29.8 and
10.0 months, respectively. Receiving systemic chemother-
apy alone was an independent risk factor for death in the
incomplete cytoreductive surgery group (P < 0.001). Oxali-
platin and molecular-targeted drug (cetuximab or bevaci-
zumab) therapies were also independent prognostic factors
(P <0.001), whereas irinotecan therapy was not a prognostic
factor (P = 0.494).

Conclusion Oxaliplatin and molecular-targeted drug thera-
pies improved the overall survival in patients undergoing
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incomplete cytoreductive surgery. Future trials for patients
with synchronous peritoneal carcinomatosis from colorectal
cancer should be undertaken, with patients stratified accord-
ing to treatment with complete cytoreductive surgery or
incomplete cytoreductive surgery with modern chemotherapy.

Keywords Colorectal cancer - Peritonial carcinomatosis -
Synchronous

Introduction

Synchronous peritoneal carcinomatosis from colorec-
tal cancer (CRPC) is present in 5 % of patients at the first
diagnosis of a primary colorectal tumor [1]. CRPC is con-
sidered to be a terminal condition [median survival time
(MST): 5.2-12.6 months] [2-4], with patients treated with
palliative intent, and surgery only recommended to pal-
liate complications, such as intestinal obstruction [2, 3].
Recently, a randomized trial showed that patients with
CRPC treated with cytoreductive surgery (CRS) plus
hyperthermic intraperitoneal chemotherapy (HIPEC) and
systemic chemotherapy had a better prognosis than patients
who received only systemic chemotherapy [4, 5].

However, this treatment has not been universally
adopted for three main reasons. First, the target treatment
group in that study was limited to patients with isolated and
resectable peritoneal carcinomatosis, with no disease pro-
gression after 2-3 months of neoadjuvant chemotherapy
[5]. Second, the treatment regimen was associated with a
high rate of complications (23-53 %) [4, 6-8]. Third, the
subdivisions of the patients with CRPC were limited; the
only independent factor for predicting a cure in patients
receiving complete CRS (CCRS) followed by intraperito-
neal (IP) chemotherapy was a peritoneal cancer index (PCI)
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[9] <10 [10]. Despite these disadvantages, this novel sys-
temic chemotherapy regimen also improved the overall sur-
vival (OS) in patients with metastatic colorectal cancer in
recent studies [11-14].

Data focused on the outcomes of surgical procedures for
CRPC followed by systemic chemotherapy are limited [15,
16]. The specific aims of the present study were to deter-
mine the risk factors and outcomes of synchronous CRPC
in colorectal cancer patients and to provide a comprehen-
sive overview of the epidemiological, histopathological,
and clinical features of two groups of patients; those who
underwent CCRS and those who underwent incomplete
CRS (ICCRS). Through a comprehensive data analysis, we
have defined the risk and prognostic factors that are corre-
lated with the CCRS and ICCRS groups, and provide new
insight into synchronous CRPC that may refine the current
treatment strategy.

Patients and methods
Historical cohort description

All patients with synchronous CRPC treated at Hiroshima
University between September 1992 and December 2012
were included in this study. These patients were selected
paraoperatively according to the following criteria: surgi-
cally and histologically proven synchronous CRPC, with
an Eastern Cooperative Oncology Group performance sta-
tus <2. Patients with metachronous CRPC, appendiceal
carcinoma or peritoneal pseudomyxoma were excluded.

CCRS and ICCRS

All patients were considered to have undergone either cura-
tive or noncurative operations based on the preoperative
abdominal computed tomography (CT), magnetic reso-
nance imaging and/or positron emission tomography—CT
results. The suitability of curative or noncurative surgery
for each patient was based on a consensus reached at pre-
operative meetings.

The presence of peritoneal carcinomatosis was diag-
nosed at the time of the operation and was confirmed by
a pathological analysis. All patients included in this study
received a final diagnosis of CRPC at the time of the opera-
tion for colorectal cancer and underwent surgical interven-
tion for CRPC.

Complete cytoreductive surgery was performed in all
cases with a preoperative diagnosis of the possibility of
a curative operation to remove all visible intraperitoneal
tumor deposits (RO resection, completeness of cytoreduc-
tion (CCR) score CCRO [8]), the primary colorectal tumor
(including D2 systemic mesenteric lymph node dissection)

and other metastases (including liver, ovarian, or uterine
metastases), except in cases with gross peritoneal or lung
metastases. Patients with four or fewer liver metastases and
with liver metastases not exceeding 5 cm underwent the
resection of liver metastasis in addition to resection of the
primary colorectal cancer and peritoneal carcinomatosis.

Incomplete cytoreductive surgery was performed in
cases that were not eligible for CCRS due to the presence
of unresectable extraperitoneal disease not amenable to R0
resection, as determined by consensus at the preoperative
meetings.

Systemic chemotherapy

Decisions regarding chemotherapy regimens were made on
an individual patient basis by medical oncologists. In the
beginning of this study period, treatment with 5-fluoroura-
cil and folic acid or irinotecan was the standard palliative
treatment for metastatic colorectal cancer in Japan. From
2005 onward, oxaliplatin was incorporated into the stand-
ard palliative treatment regimen. Targeted therapies, such
as bevacizumab and cetuximab, were gradually introduced
in Japan in 2007, and have been added to the chemotherapy
combination therapies ever since.

Postoperative follow-up

Patients who underwent surgery for CRPC had follow-up
appointments every 3 months during the first 2 years, every
6 months over the next 3 years and yearly thereafter. A
physical examination and serum carcinoembryonic antigen
and/or carbohydrate antigen 19.9 measurements were per-
formed, and systemic CT was performed at each visit. The
follow-up data were recorded in a prospective database.

Statistical analysis

We studied both the baseline patient parameters [age, seX,
primary tumor site, tumor (T) stage, lymph node (N) stage,
tumor differentiation, evidence of microscopic venous and
lymphatic vessel invasion, treatment (systemic chemo-
therapy and/or surgery) and the presence of extraperitoneal
metastasis] and postoperative data [postoperative complica-
tions, early postoperative death (within 30 days of surgery)
and deaths during the follow-up period and their causes].
The data were analyzed with the statistical software
package SPSS (Statistical Package for Social Sciences, ver-
sion 19, SPSS, Chicago, IL, USA). The clinical and histo-
logical parameters of the two groups were compared using
Student’s 7 test or the Mann—Whitney U test for continuous
data, and with the Pearson x2 test for categorical variables.
A P value < 0.05 was considered to be statistically signifi-
cant. Cox proportional hazard modeling (Cox regression)

@ Springer



988

Surg Today (2015) 45:986-992

Table 1 The general characteristics of the patients with peritoneal carcinomatosis diagnosed between 1992 and 2012 (n = 65)

Characteristics All (n = 65) (%) CCRS (n =17) (%) ICCRS (n = 48) (%) P value (CCRS vs ICCRS)

Patients
Age (mean £ SD) (years) 64 + 14 63+ 13 62+ 14 0.72
Male:female 37:28 8:9 29:19 0.34

Primary tumor
Location 0.4

Colon 56 (86.2) 13 (76.5) 41 (85.4)
Rectum 11 (16.9) 4(23.5) 7 (14.6)

T Stage 0.007
T2 1(1.5) 1(5.9) 0
T3 13 (20) 7(41.2) 6 (12.5)

T4 45 (69.2) 9 (52.9) 36 (75)
Unknown 6(9.2) 0 6 (12.5)

N Stage 0.057
NO-1 19 (29.2) 9(52.9) 10 (20.8)
>N2 36 (55.4) 8 (47.1) 28 (58.3)

Unknown 10 (15.4) 0 10 (20.8)

Differentiation grade 0.517
Well/moderately 45 (69.2) 12 (70.6) 33 (68.8)
Poorly/undifferentiated 14 (21.5) 5(29.4) 9 (18.8)

Unknown 6(9.2) 0 6 (12.5)

Extent of metastatic disease 0.001
Peritoneal carcinomatosis (PC) only 25 (38.5) 14 (82.4) 11 (22.9)

PC + other metastases 40 (61.5) 3(17.6) 37 (77.1)

Systemic chemotherapy 0.707
Yes 50 (76.9) 11 (64.7) 39 (81.3)

No 11 (16.9) 3(17.6) 8 (16.7)
Unknown 4(6.2) 3(17.6) 1(2.1)

was used to determine the predictors for the assessment of
risk factors or prognostic factors for patients with CRPC,
CCRS, and ICCRS. The multivariate analysis used a back-
ward, stepwise logistic regression model, including all vari-
ables with P < 0.1 in the univariate analysis. The results
of the univariate and multivariate analyses are presented as
odds ratios with 95 % confidence intervals. Survival curves
were plotted using the Kaplan—Meier method and were
compared using the log-rank test.

Results
Patient characteristics

Between September 1992 and December 2012, 65 patients
with synchronous CRPC underwent surgical intervention at
our institution. The patient characteristics and clinical data
are summarized in Table 1. The patient cohort consisted of
37 males and 28 females, with a median age of 64 years
(range, 17-83 years). The 5-year OS rate and MST were
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7.5 % and 11.9 months, respectively. Low-grade postopera-
tive complications occurred in eight patients; seven patients
experienced wound infections and one patient had ileus.
There were no 30-day mortalities. The results of the univar-
iate analysis are listed in Table 2. The univariate analysis
indicated that pN > 2, ICCRS, the extent of metastatic dis-
ease, and no systemic chemotherapy were associated with a
high risk of death, while a multivariate analysis found that
pN > 2, ICCRS and no systemic chemotherapy were inde-
pendent risk factors (Table 2).

CCRS and ICCRS patient groups

The 65 patients with synchronous CRPC were divided into
two groups: a CCRS group and an ICCRS group. Signifi-
cant differences were found between the CCRS and ICCRS
groups with regard to the pT stage and extent of metastatic
disease (P < 0.01). An analysis of survival determined that
the 2- and 5-year OS rates and MST were significantly
better in the CCRS group than in the ICCRS group (56.3,
22.5 %, and 29.8 months vs 22.7, 0 %, and 10.0 months,
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Table 2 The results of the univariate and multivariate survival analyses of 65 patients with peritoneal carcinomatosis

Variables n =65  Univariate Multivariate
P Hazard ratio 95 % CI P Hazard ratio 95 % CI
Age (<63 vs >63 years) 31:34 0.964  0.987 0.572-1.705
Sex (male vs female) 37:28 0.419 0.795 0.456-1.387
Tumor location (colon vs rectum) 56:11 0.89 1.053 0.509-2.177
pT (pT2-3 vs pT4) 14:45 0.145 1.596 0.851-2.994
pN (pNO-1 vs pN2-3) 19:36 2E-04 3.8 1.797-8.036  0.007 3.071 1.359-6.942
Tumor differentiation (well/moderately vs poorly/  45:14 0.089  1.764 0.916-3.396  0.696 1.236 0.427-3.576
undifferentiated)
Cytoreductive surgery (CCRS vs ICCRS) 17:48 3E-04 3.929 1.797-8.587 0.032 3.322 1.111-9.934
Extent of metastatic disease
Peritoneal carcinomatosis (PC) only
vs PC + other metastases 25:40 0.027  2.009 1.082-3.730  0.954  1.033 0.334-3.199
vs PC + liver metastases 25:37 0.03 0.517 0.285-0.939
vs PC + lung metastases 25:15 0.711 1.132 0.588-2.181
Systemic chemotherapy
Fluorouracil (no vs yes) 11:50 0.035 0.748 0.239-0.949  0.01 0.233 0.077-0.706
Plus oxaliplatin (no vs yes) 14:25 0.245  0.708 0.395-1.267
Plus irinotecan (no vs yes) 34:16 0.978 0.992 0.546-1.803
Plus cetuximab or bevacizumab (no vs yes) 34:16 0.417 0.757 0.386-1.484
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Fig. 1 The overall survival of the patients undergoing complete
cytoreductive surgery (CCRS) versus incomplete cytoreductive sur-
gery (ICCRS)

respectively; P < 0.001) (Fig. 1). The median follow-
up times in the CCRS and ICCRS groups were 29.8 and
8.9 months, respectively.

Risk and prognostic factors

A univariate analysis indicated that pN > 2 and the extent
of metastatic disease were associated with a higher risk of
death in the CCRS group (Table 3). A multivariate analysis
of the CCRS group determined that pN > 2 was the only
independent risk factor (hazard ratio, 15; 95 % confidence
interval, 2.3-99.8; P = 0.005). A univariate analysis of the
ICCRS group determined that systemic chemotherapy was
the only prognostic factor. Treatment with new chemother-
apeutic agents, such as oxaliplatin, cetuximab, and beva-
cizumab, was associated with a good prognosis (Table 3).
An analysis of survival according to the use of systemic
chemotherapy showed that the OS was significantly bet-
ter in patients receiving oxaliplatin, cetuximab, or bevaci-
zumab than in patients receiving no systemic chemotherapy
(Fig. 2).

Discussion

Synchronous peritoneal carcinomatosis from colorec-
tal cancer is frequently discovered unexpectedly during
surgery for primary colorectal cancer, and CRPC is not
detected preoperatively in 91 % of cases [17]. This pre-
sents a challenge to the operating surgeon with regard to
choosing the appropriate treatment strategy. Patients with
CRPC can by treated with CRS plus IP and systemic chem-
otherapy, which has been suggested to prolong survival. In
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Table 3 The results of the univariate survival analysis of the CCRS and ICCRS groups

Variables CCRS ICCRS
n=17 P Hazard ratio 95 % CI n=48 P Hazard ratio 95 % CI
Age (<63 vs >63 years) 8:9 0.292 1.866 0.585-5.948  23:25 0.586 0.841 0.451-1.568
Sex (male vs female) 8:9 0.48 0.663 0.213-2.066 29:19  0.692 0.878 0.462-1.649
Tumor location (colon vs rectum) 13:4 0.815 1.171 0.313-4.372 41:7 0.726 1.169 0.488-2.864
pT (pT2-3 vs pT4) 8:9 0461 1.461 0.533-4.005  6:36 0.333 0.644 0.264-1.569
pN (pNO-1 vs pN2-3) 9:8 0.006 9.431 1.884-47.20 10:28  0.746 0.874 0.389-1.968
Tumor differentiation (well/moderately 12:5 0.152  2.366 0.729-7.683  33:9 024  1.615 0.726-3.593
vs poorly/undifferentiated)
Extent of metastatic disease
Peritoneal carcinomatosis (PC) only
vs PC + other metastases 14:3 0.046 4.416 1.028-18.98 11:37 0.127 0.57 0.277-1.173
vs PC + liver metastases 14:2 0.173  0.327 0.065-1.633 11:35  0.267 1.487 0.738-2.993
vs PC + lung metastases 14:0 - - - 11:15  0.293  0.693 0.350-1.372
Systemic chemotherapy
Fluorouracil (no vs yes) 3:11 0.627 0.71 0.179-2.817  8:39 0.01 0.203 0.087-0.472
Plus oxaliplatin (no vs yes) 9:2 0.813  1.207 0.254-5.738 18:21 0.002 0.261 0.110-0.620
Plus irinotecan (no vs yes) 9:2 0.813 1.207 0.254-5.738  23:16  0.494 0.773 0.370-1.616
Plus cetuximab or bevacizumab (no vs yes) 9:1 0.803 1.305 0.162-10.499  24:15 0.04 0413 0.178-0.959

a prospective, randomized trial of this treatment regimen,
the MST was 22.3 months [4, 18], and varied between 33
and 61 months in recent retrospective comparative studies
[5, 19].

Although some prospective studies on CRPC are availa-
ble [4, 20-22], our study analyzed the possibilities and lim-
itations of CCRS without IP and modern systemic chemo-
therapy (consisting of oxaliplatin, irinotecan, cetuximab,
or bevacizumab). The MST for all patients with CRPC in
this study was 11.9 months, which is similar to the MST of
patients with CRPC described in other reports [20]. When
patients were divided into CCRS and ICCRS groups, the
MST of the CCRS group was 29.8 months, which was
better than the 13-22 months for select patients receiv-
ing HIPEC with mitomycin C [4, 9, 23-25]. However, our
study did not find good survival results for HIPEC with
oxaliplatin (MST; 33-61 months) [5, 19]. In a univariate
analysis of the CCRS group, systemic chemotherapy was
not an independent prognostic factor (Table 3). We con-
sider that this might have been due to two potential reasons.
First, the effects of treatment with CCRS were extremely
potent. Second, the number of patients in the CCRS group
and the number of patients receiving modern systemic
chemotherapy were too small to adequately analyze.

Franko et al. reported a pooled subgroup analysis of
the North Central Cancer Treatment Group phase III trials
NO9741 and N9841. These trials determined that systemic
chemotherapy with FOLFOX was superior to irinotecan-
based treatment regimens, irrespective of the carcinoma-
tosis status [22]. Kerscher et al. evaluated the impact of
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changing the treatment in 256 patients with CRPC accord-
ing to the management of CRPC in each era. That study
demonstrated a trend toward modern systemic chemother-
apy improving the prognosis for patients with CRPC [26].
However, that trial did not consider the effects of CCRS.
Our study showed that modern systemic chemotherapy
improved the prognosis of patients who underwent ICCRS
on the basis of their CRPC status. In this analysis, treat-
ment with irinotecan was not an independent prognostic
factor (Table 3). However, treatment with both oxaliplatin
and irinotecan showed a tendency to be a prognostic factor.
The lack of significance may be attributable to the limited
number of patients included.

The major limitations of this study included a question
on the confidence in the survival results, because this was
a nonrandomized study. Our study was not randomized
because it would have been unethical to actively choose
ICCRS, and our treatment strategy was to perform a cura-
tive operation whenever possible to improve the prognosis
of patients with CRPC. We also did not analyze IP treat-
ment or the PCI [27, 28], because treatment with IP is not
yet part of the standard treatment protocol at our institu-
tion. The risk of morbidity and mortality after CCRS and
IP is highly dependent on the institution, and this proce-
dure should be restricted to institutions with expertise in
the management of peritoneal carcinomatosis [29, 30].
There are few institutions in Japan with such expertise;
therefore, the standard treatment for CRPC is CCRS and
ICCRS, and not IP treatment. The PCI was not analyzed
in this study because other means of scoring the peritoneal
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Fig. 2 The overall survival of patients undergoing ICCRS with systemic chemotherapy

carcinomatosis status based upon the distance from the pri-
mary tumor (PO, no peritoneal carcinomatosis; P1, near;
P2, middle; and P3, far) are used in Japan. P1, P2, and
P3 are approximately equivalent to a PCI of 1-9, 4-18,
and 7-39, respectively. It is difficult to perfectly compare
the Japanese scores with the PCI, but CCRO is equivalent
to P1. Thus, the treatment concept for IP and the scoring
system for peritoneal carcinomatosis differed based on the
nationality of the patients.

In conclusion, this study determined that patients under-
going CCRS had a significantly longer OS than those
undergoing ICCRS. Oxaliplatin and molecular-targeted
drug therapies improved the OS in patients undergoing
ICCRS. CCRS plus modern systemic chemotherapy with-
out IP treatment had a similar effect to CCRS plus IP and
systemic chemotherapy, and future trials for CRS should
consider stratifying patients according to the CRPC status.
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