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Abstract

Purpose Peritoneal metastasis (PM) in patients with colo-
rectal cancer (CRC) is associated with poor prognosis. We
conducted this study to assess whether palliative resection
(PR) of the primary tumor improved the overall survival
(OS) of patients with PM-CRC.

Methods We analyzed retrospectively, data collected pro-
spectively from patients with CRC. PM was categorized
into three subgroups according to the Japanese classifica-
tion of PM. A propensity-score model was used to compare
the outcomes of patients who underwent PR (PR group)
and those who did not [non-resection (NR) group].

Results Among 1909 patients with metastatic CRC, 309
(16 %) had only peritoneal metastases and 255 of these
patients who underwent palliative surgery (R2) were the
subjects of our analysis: 161 in the PR group and 94 in the
NR group. Median OS was significantly longer in the PR
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group than in the NR group (23 vs. 11 months, P < 0.001).
Patients in the PR group had less extensive PM and a higher
rate of receiving palliative chemotherapy than those in the
NR group (P < 0.001). In a Cox multivariate analysis of 69
propensity-score matched pairs, PR resulted in significantly
longer OS than NR (hazard ratio 0.496, 95 % confidence
interval 0.268-0.919, P = 0.025).

Conclusions Our results show that PR resulted in better
OS than NR for patients with PM-CRC, when their overall
condition permitted a more aggressive approach.

Keywords Colorectal neoplasms - Peritoneal diseases -
Surgical procedures - Propensity score

Introduction

Clinical manifestations, prognosis, and treatment of
patients with metastatic colorectal cancer (mCRC) dif-
fer according to the metastatic sites. Peritoneal metastasis
(PM) of CRC (PM-CRC), which is found in 5-13 % of
patients with primary CRC, is associated with a very poor
prognosis [1-3]. These patients have poorer survival than
patients with other manifestations of mCRC [4]. In fact,
PM and multiple metastases associated with CRC have
been classified as stage IVB by the 7th edition of American
Joint Committee on Cancer (AJCC) staging system [5].
Traditional treatment for PM-CRC consists of systemic
chemotherapy with or without palliative surgery, generally
resulting in a median survival of less than 6 months [3]. In
the 1990s, studies on cytoreduction surgery (CRS) with
perioperative intraperitoneal chemotherapy (PIC), includ-
ing hyperthermic intraperitoneal chemotherapy (HIPEC),
introduced a new treatment option for selected patients with
PM-CRC [6-8]. However, this multimodality treatment can
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be performed only in specialized referral centers, where
surgical oncologists are experienced in these procedures
and special equipment is available for the HIPEC. Despite
the recent developments in chemotherapeutic options and
surgical procedures, improvement in the overall outcomes
of patients with PM-CRC has been limited compared with
that of patients with other types of mCRC [1].

Despite controversy about the survival benefit of pal-
liative resection as the first-line treatment for unresectable
mCRC, surgery remains the first-line treatment for sympto-
matic patients with mCRC. Previously, our group reported
that patients with unresectable liver metastasis who under-
went palliative resection (PR) had better survival than those
who did not undergo resection [9]. Although PM is more
aggressive than hepatic metastasis, we hypothesized that
primary tumor resection improves the survival of patients
with PM-CRC. The aim of this study was to assess the sur-
vival benefit of palliative resection of the primary tumor in
patients with PM-CRC using a prospective cohort of more
than 1900 patients with mCRC.

Materials and methods
Patients and parameters

We analyzed retrospectively, prospective data on patients
with CRC, treated at our tertiary referral center over a
13-year period (2000-2012). Among 13,657 consecutive
patients with primary CRC who underwent surgery, 1909
(14.0 %) were found to have stage IV CRC, 309 (16.2 %)
of whom had only PM. The 54 patients who underwent
surgery with curative intent (RO, R1) were excluded. Thus,
255 patients who underwent palliative surgery (R2) as the
first-line treatment were the subjects of this study.
Clinicopathological factors analyzed included preopera-
tive serum carcinoembryonic antigen (CEA) concentration,
primary diagnosis, primary symptoms, comorbidities, site
of the primary lesion, the presence of preoperative obstruc-
tion, tumor attachment to other structures, pathologic
results, degree of PM, curability of surgery, postopera-
tive complications, mortality, and postoperative palliative
chemotherapy [10]. Clinical, radiographic, and computer
records were retrospectively reviewed. During chart review,
additional data were gathered regarding American Soci-
ety of Anesthesiologist (ASA) score, Eastern Cooperative
Oncology Group (ECOG) performance status, and survival
status from the Korean National Registry of medical insur-
ance. Major complications requiring reoperation or hos-
pitalization were also recorded. Operative mortality was
defined as death during the hospital stay or within 30 days
after surgery. Symptomatic patients were limited to those
who needed immediate intervention, such as surgery, stent
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insertion, transfusion, or medication to control pain. The
study protocol was approved by the Institutional Review
Board of our institution (IRB No. 2015-0398).

Grade of peritoneal metastases

The grade of PM was established by colorectal surgeons at
the time of surgery. PM was classified according to the clas-
sification defined by the Japanese Society for Cancer of the
Colon and Rectum (JSCCR) into three subgroups, based on
extent; namely: P1, metastases only to adjacent peritoneum;
P2, a few metastases to distant peritoneum; and P3, numer-
ous metastases in the distant peritoneum [2, 11].

Operation

First-line treatment regimens were decided by both colorec-
tal surgeons and medical oncologists. The type of surgery
was decided by colorectal surgeons based on the severity
of the disease, defined by the extent of PM, adjacent organ
invasion, and obstruction; and the patient’s general condi-
tion, defined by age, performance status, and comorbidity.
Most patients with extensive peritoneal metastases (P2 or
P3), adjacent organ invasion, an older age (>70 years), or
poor performance status with comorbidity underwent pal-
liative surgery, which was classified as PR and NR. PR
included resection of the primary tumor without removal
of PM lesions, and NR was defined as exploratory lapa-
rotomy, stoma construction, and bypass surgery without
removal of the primary tumor. PIC or HIPEC was not per-
formed during the study period.

Chemotherapy

Medical oncologists were responsible for deciding on chem-
otherapy use and regimens. Patients were considered to
have undergone palliative chemotherapy if they completed
at least two cycles of a course of chemotherapy following
surgery. Eligibility criteria included ECOG performance
status of 0-2, and age <75 years. Chemotherapy regimens
were administered in accordance with the NCCN Clinical
Practice Guidelines in Oncology (http://www.nccn.org).

Statistical analysis

Continuous variables in the PR and NR groups are
expressed as mean =+ standard deviation and compared
using the 7 test or Wilcoxon’s rank sum test; categorical
variables are expressed as frequencies (percentages) and
compared using the Chi-squared or Fisher’s exact test.
Overall survival (OS) was calculated by the Kaplan—-Meier
method and compared by the log-rank test. Potential prog-
nostic variables were assessed using a Cox’s proportional
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hazard model and backward elimination regression. To
assess the correlation between PR and clinical outcomes,
and to minimize the impact of treatment selection bias and
potential confounding in this observational study, one-
to-one propensity-score matching (PSM) was performed,
along with weighted Cox proportional-hazards regression
models, using the inverse-probability-of-treatment weight-
ing (IPTW), to adjust for significant differences in patient
characteristics. Propensity scores in the PR and NR groups
were estimated by multiple logistic-regression analysis
with all pre-specified covariates. The discrimination and
calibration abilities of each propensity-score model were
assessed by the C-statistic and the Hosmer-Lemeshow
statistic. All covariates included in the calculations of pro-
pensity scores in the two matched groups were compared.
Categorical variables were compared by McNemar’s test.
The risk of outcomes in the propensity-score-matched
cohort was compared via a Cox regression model, with
robust standard errors that accounted for the clustering
of matched pairs. Using the IPTW technique, weights for
patients in the PR group were the inverse of the 1-propen-
sity score, and weights for patients in the NR group were
the inverse of the propensity score. All reported P values
are two-sided, with P values <0.05 considered significant.
All statistical analyses were performed using SAS software
version 9.3 (SAS Institute, Inc., Cary, NC, USA).

Results
Patient and tumor characteristics

Table 1 shows the clinicopathological features of the 255
patients with PM-CRC. Among the 170 patients (66.7 %)
who presented with symptoms, obstruction (n = 122)
was the most frequent, followed by defecation difficulty
(n = 63), abdominal pain (n = 53), and others (n = 13).
Rates of adjacent organ invasion were significantly lower,
PM was less extensive, and rates of palliative chemotherapy
were significantly higher in the PR group than in the NR
group (P < 0.001-0.02). Table 2 summarizes the operative
procedures performed for the 255 patients with PM-CRC.

Chemotherapy regimens

Among the 75 patients who did not receive chemother-
apy after palliative surgery, the most frequent reason
was patient refusal (n = 44), followed by performance
status deterioration (n = 12), no advantage determined
by medical oncologists (n = 5), postoperative mortal-
ity (n = 3), adverse effects after the first cycle of chemo-
therapy (n = 1), and prolonged postoperative complica-
tions (n = 1). First-line chemotherapy after palliative
surgery consisted of irinotecan-containing regimens in 42

Table 1 Clinicopathological

- 3} ; Variable Total (n = 255) PR (n = 161) NR (n =94) P value
characteristics of patients with
peritoneal metastases from Gender, male 144 (56.5) 92 (57.1) 52 (55.3) 0.795
colorectal cancer Age (years), mean & SD 59.9 + 13.3 59.8 4 13.2 60.2 + 12.7 0.783
>70 years 61 (23.9) 35(21.7) 26 (27.7) 0.258
Location
Right colon 125 (49.0) 72 (44.7) 53 (56.3) 0.170
Left colon 87 (34.1) 61 (37.9) 26 (27.7)
Rectum 43 (16.9) 28 (17.4) 15 (16.0)
CEA (ng/ml), mean &+ SD 234+ 67.2 209 +61.9 278 +75.5 0.426
>6 ng/ml 99 (38.8) 62 (38.5) 37 (39.4) 0.893
Symptom 170 (66.7) 107 (66.5) 63 (67.0) 0.927
Obstruction 122 (47.8) 83 (51.6) 39 (41.5) 0.153
ASA score, >2 21(8.2) 11 (3.8) 10 (10.6) 0.346
Adjacent organ invasion 70 (27.4) 35(22.4) 34 (36.2) 0.020
ECOG performance status >1 71 (27.8) 43 (26.7) 28 (29.8) 0.664
Peritoneal metastasis
P1 88 (34.5) 76 (47.2) 12 (12.8) <0.001
P2 83 (32.5) 53 (34.8) 27 (28.7)
P3 84 (32.9) 29 (18.0) 55 (58.5)
Complication 32 (12.5) 18 (11.2) 14 (14.9) 0.435
Mortality 4(1.6) 1 (0.6) 3(3.2) 0.143
Chemotherapy 180 (70.5) 132 (82.0) 48 (51.1) <0.001

SD standard deviation, PR palliative resection, NR non-resection, CEA carcinoembryonic antigen, ASA
American Society of Anesthesiologists, ECOG Eastern Cooperative Oncology Group
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Table 2 Operative procedures

Operation n Percent
Palliative resection 161 63
Right colectomy 67 26
Hartmann’s operation 30 12
Low anterior resection 26 10
Anterior resection 24 9
Left colectomy 6 2
Total or subtotal colectomy 4 2
Abdominoperineal resection 1
Segmental resection 1
Non-resection 94 37
Ileostomy 58 23
Colostomy 12 5
Bypass 24 9
Total 255 100

Table 3 Chemotherapy regimens after palliative surgery

Palliative resection Non-resection

Line 1 n=127 n=48
Routine protocols, n (%) 117 (92.1) 47 (93.8)
5-Fluorouracil based 38 6
FL + oxaliplatin 39 28
FL + irinotecan 42 13
Routine protocols and bio- 8(7.9) 1(6.2)
therapies, n (%)
Line 2 n="79 n=29
Routine protocols, n (%) 68 (86.1) 28 (96.6)
5-Fluorouracil based 8 3
FL + oxaliplatin 31 12
FL + irinotecan 29 13
Routine protocols and bio- 10 (13.9) 1(3.4)
therapies, n (%)
Biotherapy alone, n (%) 1(1.3) 0

FL 5-fluorouracil + leucovorin

patients (33.1 %) and oxaliplatin-containing regimens in 37
(29.1 %), with a median number of 7 (range 2—42) cycles
per patient (Table 3). Treatment with anti-vascular endothe-
lial growth factor and anti-epidermal growth factor receptor
was more frequent in the PR (n = 8) group than in the NR
(n=1) group (P = 0.002).

Survival and prognostic factors
By the end of the study period, 219 patients (85.9 %) had
died. The 1-, 3-, and 5-year OS rates in patients with PM-

CRC were 62, 20, and 7 %, respectively. Overall median
survival was 17 months, but survival was significantly
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Fig.1 Kaplan—Meier analysis of overall survival according to type
of surgery in all patients with peritoneal metastases from colorectal
cancer (n = 255, P < 0.001)

higher in the PR group than in the NR group (23 vs.
11 months, respectively; P < 0.001, Fig. 1). Subgroup anal-
ysis showed that median survival was significantly longer
for the PR group patients with disease classified as P1 and
P3 (P < 0.001 each), but not for those with disease clas-
sified as P2 (P = 0.072), than for the NR group patients.
Among the variables examined, adjacent organ invasion,
more extensive PM (P3), non-resection, and the absence of
chemotherapy were independent prognostic factors in the
multivariate analysis (P < 0.001-0.006, Table 4).

Because the demographic data differed between the
PR and NR groups, PSM was used to match 69 pairs of
patients, thus reducing comparison bias. The discrimina-
tion and calibration abilities of the propensity-score model
were 0.768 by the C-statistic and P = 0.419 by the Hos-
mer—Lemeshow statistic. The PR group patients had bet-
ter survival than the NR group patients in Cox multivariate
analyses, including PSM [hazard ratio (HR) 0.496, 95 %
confidence interval (CI) 0.268-0.919, P = 0.025, Fig. 2]
and IPTW (HR 0.344, 95 % CI 0.291-0.406, P < 0.001).

Discussion

Numerous studies of mCRC have compared PR with chem-
otherapy as the first-line treatment. Although many symp-
tomatic patients with mCRC require palliative surgery,
their surgical outcomes have not been assessed systemati-
cally [9, 12]. In patients with unresectable liver metastases,
PR showed better survival than NR, using a PSM method
[9]. Because the route of metastasis for PM differs from
that for hematogenous and lymphatic spread, the treatment
and prognosis of patients with PM are different from those
of patients with other types of systemic metastases [4, 8].
Compared with patients having unresectable hepatic metas-
tasis in our previous study [9], the patients with PM-CRC
in this study had a more aggressive clinical presentation,
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Tl‘able.4 Prognostic; factors Univariate analysis Multivariate analysis
in patients with peritoneal
metastases from colorectal n HR 95 % CI P value HR 95 % CI P value
cancer
Gender
Female 111 1
Male 144 1.035 0.792-1.352 0.802
Age (years)
<70 194 1
>70 61 1.521 1.109-2.087 0.009
Location
Right colon 125 1
Left colon 87 1.002 0.693-1.449 0.990
Rectum 43 0.852 0.577-1.259 0.852
CEA (ng/ml)
<6 156 1
>6 99 1.097 0.836-1.441 0.504
ASA
0-2 234 1
34 21 1.333 0.832-2.137 0.232
ECOG performance status
0-1 184 1
2-4 71 1.508 1.121-2.030 0.009
Adjacent organ invasion
No 185 1 1
Yes 70 1.501 1.118-2.016 0.007 1.523 1.121-2.070 0.007
Peritoneal seeding
P1 88 1 1
P2 83 1.514 1.080-2.124 0.016 1.020 0.873-1.790 0.222
P3 84 2.366 1.697-3.301 <0.001 1.777 1.232-2.563 0.002
Type of operation
Palliative resec- 161 1 1
tion
Non-resection 94 2.647 2.004-3.494  <0.001 1.944 1.438-2.628 <0.001
Chemotherapy
Yes 180 1 1
No 175 4.341 3.233-5.828 <0.001 4.142 2.969-5.780  <0.001

HR hazard ratio, CI confidence interval, CEA carcinoembryonic antigen, ASA American Society of Anes-

thesiologists

including frequent symptoms (67 vs. 43 %), obstruction (48
vs. 37 %), colon predilection (83 vs. 58 %), and organ inva-
sion (27 vs. 14 %). Although poorer survival was expected
for the patients with PM-CRC than for patients with other
types of systemic metastasis, this study showed that pallia-
tive primary tumor resection can benefit patients with PM-
CRC as well as those with unresectable hepatic mCRC.
The degree of PM in most studies on cytoreductive sur-
gery (CRS) has been evaluated using the peritoneal cancer
index (PCI) [8], which integrates peritoneal implant size
and the distribution of nodules on the peritoneal surface.
Surgeons should identify all seeded nodules throughout
12 abdominal regions and calculate the composite score.

Compared with the complexity of PCI, the Japanese clas-
sification of PM-CRC is simple and easy to use, even for
general surgeons in routine clinical practice. However, the
definitions of P1-P3 according to this classification seem
subjective and vague [13]. A new version of this system,
which includes additional number and size criteria to
enhance objectivity [14], is more difficult to use for gen-
eral surgeons, with drawbacks similar to those for PCI.
Although it is difficult to compare the Japanese classifica-
tion system with the PCI, the P1, P2, and P3 of the former
may be approximately equivalent to PCIs of 1-9, 4-18, and
7-39, respectively [15]. The JSCCR guidelines for treat-
ing PM indicate that complete resection is desirable for P1
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Fig. 2 Kaplan—Meier analysis of overall survival according to type
of surgery in propensity-score-matched pairs with peritoneal metasta-
ses from colorectal cancer (n = 138, P = 0.025)

and that complete resection should be considered for P2
when easily resectable; however, the efficacy of resection
for P3 has not been determined [16]. Despite the relatively
small number of cases in each subgroup, this study found
that primary tumor resection had benefits, even in the P3
group, suggesting that an aggressive approach including
PR may prolong the survival of selected PM-CRC patients
with disease classified as P3. However, it is not easy for the
surgeon to decide if palliative resection is appropriate for
patients with extensive PM-CRC (P3) in clinical practice.
Thus, PR for P3 of PM-CRC should be considered when
patient’s overall condition permits an aggressive procedure.

Systemic chemotherapy has only limited efficacy in
patients with PM-CRC, owing at least in part to the plasma-
peritoneal barrier, which reduces intraperitoneal drug pen-
etration [17]. In contrast to other systemic metastases, mul-
timodality treatment, combining CRS with perioperative
intraperitoneal chemotherapy (PIC), may promote the long-
term survival of selected patients with PM [6, 7]. However,
this aggressive treatment has not been universally adopted
for several reasons [15]. First, selected patients with less
extensive PM, of PCI <10-20 or with isolated and resecta-
ble PM, can benefit from this treatment [7, 18]. Second, this
approach can be performed in specialized centers, where
surgical oncologists are experienced in these procedures and
special equipment is available for hyperthermic intraperito-
neal chemotherapy (HIPEC). This equipment is available in
only a limited number of tertiary centers in Korea, exclud-
ing ours; thus, most patients with PM-CRC receive pal-
liative chemotherapy and/or surgery. Third, although recent
advances in anesthesiologic and surgical techniques have
reduced morbidity and mortality rates [19], more aggressive
treatment has been associated with high mortality (0—12 %)
and morbidity (21-62 %) rates [17]. In clinical practice, pal-
liative surgery is more available than CRS and PIC.

This study showed that patients who underwent PR had
a survival advantage of 12 months over patients in the NR
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group. Although PM was less extensive and chemotherapy
rates were lower in the PR group, the survival difference
between the two groups was not eliminated after propensity-
score-matched analysis. Tumor debulking and control of
symptoms may improve patient responses to chemotherapy,
as seen in patients with advanced renal cell and ovarian can-
cer [20, 21]. Moreover, as CRS is the most aggressive type
of debulking surgery, the prolonged survival of patients who
underwent CRS may partly explain the survival benefit of
primary tumor resection in patients with PM.

The degree of PM is the most important prognostic factor
in patients with PM-CRC. Many studies have demonstrated
that survival correlated with the degree of PM [2, 7, 22], in
agreement with our findings. Surgical procedures for PM-
CRC have been based on the degree of PM and have included
CRS, debulking, palliative tumor resection, bypass, and
stoma formation. Generally, patients with less extensive PM
are eligible for a more aggressive surgical approach; a finding
also observed in this study. The presence of other solid organ
metastases is a poor risk factor and regarded as a contraindi-
cation to CRS and PIC [17]. However, a recent study reported
that 8 % of patients with mCRC had both hepatic and peri-
toneal metastases, and that treatment with curative intent
resulted in a median survival of up to 36 months in selected
patients [23]. Other factors, including tumor differentiation,
bowel obstruction, malignant ascites, lymph node dissemina-
tion, and small bowel involvement, have been identified as
negative prognostic indicators [6, 17, 22, 24].

Our study had several limitations, including its retrospec-
tive design. Most notably, the allocations of P1/2/3 might
have some elements of bias according to the operating sur-
geon. In addition, although a PSM method can reduce selec-
tion bias, resulting in a situation similar to a randomized
controlled trial, our PSM and IPTW models could not elimi-
nate all selection bias. Because ethical reasons make it dif-
ficult to prospectively evaluate the actual role of PR, the true
benefit of primary tumor resection should be investigated in
large prospective randomized trials.

In conclusion, the findings of this study demonstrated
that PR appears to result in better OS than NR for patients
with PM-CRC, when their overall condition permits an
aggressive approach.
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