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Abstract
Objectives: To clarify the risk factors affecting prognosis after primary tumor resection (PTR) in patients

with metastatic colorectal cancer with synchronous peritoneal metastasis (mCRC-SPM).

Methods: Patients were enrolled prospectively in the JSCCR project “Grading of Peritoneal Seeding in

Colorectal Cancer.” Factors that may influence overall survival―age, sex, location of the primary tumor,

lymph node metastasis, presence of liver metastasis, degree of peritoneal metastasis, peritoneal cancer index

(PCI), cancer cure, and postoperative chemotherapy―in the PTR group were examined using multivariate

analysis.

Results: Of the 133 enrolled patients with mCRC-SPM, 112 patients underwent PTR. Among them, 26

(23.2%) had mCRC-SPM of grade P1, 47 (42.0%) of P2, and 39 (34.8%) of P3. The median PCI was 4

(range, 1-28); no surgery-related deaths occurred. Postoperative complications of Clavien-Dindo classifica-

tion �grade 2 were observed in 20 (17.9%) patients. R0 surgery became more difficult as the degree of dis-

semination increased, and the PTR group had a significantly better prognosis than the non-PTR group. In

the multivariate analysis, age �75 years, rectal cancer, presence of liver metastasis, higher PCI, non-curative

resection, and non-treatment with systemic chemotherapy were associated with poor prognosis in patients

after PTR.

Conclusions: In patients with mCRC-SPM, postoperative complications are infrequent for P1 with local-

ized peritoneal dissemination, and PTR may be considered as aggressive treatment. Factors including age

�75 years, rectal cancer, presence of liver metastasis, increased PCI, non-curative resection, and non-

treatment with systemic chemotherapy are associated with a reduced survival benefit from PTR.
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Introduction

The incidence of colorectal cancer (CRC) is increasing

annually in both men and women in Japan, where it is one

of the major causes of death, similar to that in other coun-

tries[1]. Approximately 20% of patients with CRC are diag-

nosed with metastatic CRC (mCRC) at the time of initial di-

agnosis. In most patients, CRC metastasizes to the liver and

lungs, but the frequency of synchronous peritoneal metasta-

sis (SPM) is as low as 5%[2].

According to the NCCN guidelines[3], systemic chemo-

therapy is recommended as the initial treatment for mCRC

with SPM (mCRC-SPM), and primary tumor resection

(PTR) is considered when cancer-related symptoms are pre-

sent. Recent randomized controlled studies demonstrated

that PTR for mCRC had a negative impact on survival bene-

fit, which supports the recommendation of the NCCN guide-

lines[4,5].

However, these randomized control studies included a

small mCRC-SPM population of only 5%-7%. Recently,

some studies have reported a survival benefit of PTR for as-

ymptomatic mCRC[6,7]. Therefore, in this study, we aimed

to clarify the risk factors affecting the prognosis after PTR

in patients with mCRC-SPM, with the goal of achieving a

survival benefit for patients with mCRC-SPM who are con-

sidered to have a poor prognosis.

Methods

This study was approved by the Japanese Society for Col-

orectal Cancer Research (JSCCR) Ethics Review Committee

and the Ethics Committee of the Toho University Omori

Medical Center (M16190). The details of the study were

disclosed on the website of the Toho University Omori

Medical Center, and the opportunity to refuse participation

in the study was guaranteed by an opt-out method.

In this study, patients were prospectively enrolled in the

JSCCR project “Grading of Peritoneal Seeding in Colorectal

Cancer,” and prognostic information was collected during

March 2020. The inclusion criteria were as follows: 1) pri-

mary CRC, 2) histologically identified adenocarcinoma, 3)

peritoneal metastasis identified before and during surgery, 4)

no history of multiple malignancies within 5 years, 5) age

over 20 years, and 6) agreement to participate in the study.

The degree of peritoneal metastasis was determined accord-

ing to the ninth edition of the Japanese Classification of

Colorectal Cancer[8]: P1, metastasis localized to the adja-

cent peritoneum; P2, limited metastasis to the distant perito-

neum; and P3, diffuse metastasis to the distant peritoneum.

We also used the peritoneal cancer index (PCI), a frequently
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Figure　1.　Flow diagram of the patient selection process.

used method[9], to classify the degree of peritoneal metasta-

sis into 39 phases (13 regions and 4 lesion sizes). The fol-

lowing factors influencing overall survival (OS) in the PTR

group were examined using multivariate analysis: age (<75

years vs. �75 years), sex, location of the primary tumor (co-

lon vs. rectum), lymph node metastasis (N0+1 vs. N2), pres-

ence of liver metastasis, degree of peritoneal metastasis (P1+

2 vs. P3), PCI, cancer cure (R0 vs. R1+2), and postoperative

chemotherapy.

Statistical analysis

Comparisons between the two groups were performed us-

ing the chi-square (χ2) or Fisher’s exact test for categorical

variables and the Mann-Whitney U test for continuous vari-

ables. Survival was analyzed using the Kaplan-Meier

method, and significant differences were determined using

the log-rank test. The Cox proportional hazards model was

used to examine the factors predictive of a poor prognosis.

Tests of significance were two-sided, and p values <0.05

were considered statistically significant. All data were en-

tered into a computer database and analyzed using EZR ver-

sion 1.55, which is a modified version of the R commander,

designed to add statistical functions frequently used in

biostatistics[10].

Results

1. Patient characteristics

Between October 2012 and December 2016, 150 patients

with mCRC-SPM from 28 centers were prospectively en-

rolled in the JSCCR project “Grading of Peritoneal Seeding

in Colorectal Cancer” study. Among them, 133 patients were

included in the present study after excluding 8 patients with

missing data and 9 who received preoperative chemotherapy.

Of the included patients, 112 patients were in the PTR

group, and 21 were in the non-PTR group (Figure 1). Over-

all, 75 patients were males and 58 were females, with a me-

dian age of 66.0 years (range, 30-89). The median body

mass index was 20.8 kg/m2 (range, 14.9-40.5). Among the

133 patients, 26 (19.5%) had rectal cancer, and the remain-

ing 107 (80.5%) had colon cancer. Among the preoperative

tumor markers, the carcinoembryonic antigen level was ab-

normal in 101 (75.9%) patients and the carbohydrate antigen

19-9 level in 71 (53.4%) patients. Distant metastases other

than peritoneal metastases were found preoperatively in 67

(50.4%) patients. In addition to SPM, 46 (34.6%) patients

had one-organ metastases, 25 (18.8%) had two-organ metas-

tases, and 5 (3.8%) had three or more organ metastases. A

total of 112 (84.2%) patients underwent PTR, with no sig-

nificant differences in preoperative background factors be-

tween the PTR and non-PTR groups (Table 1).

2. Surgical outcomes

The surgical outcomes of the PTR group are shown in Ta-

ble 1. Among the patients, 26 (23.2%) had SPM of grade P

1, 47 (42.0%) of P2, and 39 (34.8%) of P3. The median

PCI was 4 (range, 1-28). R0 resection was possible in 29 of

112 (25.9%) patients.

No surgery-related deaths occurred. Postoperative compli-

cations of Clavien-Dindo classification grade 2 or higher

were observed in 20 (17.9%) patients, and serious complica-

tions of grade 3 or higher were observed in 8 (7.1%) pa-

tients.

According to peritoneal dissemination grade, postopera-

tive complications occurred in four (15.4%) patients in the P

1, seven (14.9%) in the P2, and nine (23.1%) in the P3

groups. Severe postoperative complications (grade 3 or

higher) occurred in one P1 (3.8%), four P2 (8.5%), and

three P3 (7.7%) patients. Compared with P1 patients, P2

and P3 patients had higher incidences of postoperative com-

plications, but the difference was not statistically significant.

3. Pathological outcomes

The pathological outcomes in the PTR group are shown

in Table 2. The histological types were as follows: 89

(79.5%) well or moderately differentiated adenocarcinomas,

12 (10.7%) poorly differentiated adenocarcinomas, and 11

(9.8%) others. Regarding the depth of invasion, 9 (8.0%)

had T3, and 103 (92.0%) had T4 invasions. Regarding

lymph node metastasis, 85 (75.9%) were positive for metas-

tasis, and 27 (24.1%) were negative. In 29 mCRC-SPM pa-

tients with R0 resection, 2 had distant metastases other than

peritoneal metastasis. Although one of these patients had

liver metastases and the other had distant lymph node me-

tastasis, the metastases were resected in both cases. Accord-

ing to peritoneal dissemination grade, R0 surgery was per-

formed in 14 (53.8%) patients in the P1 group, 14 (29.8%)

in the P2, and one (2.6%) in the P3 group, indicating that R

0 surgery was more difficult as the degree of dissemination
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Table　1.　Patient characteristics

Total 

(N=133)
(%)

PTR 

(N=112)
(%)

Non-PTR 

(N=21)
(%) p-value

Age* 66 (30-89) 66.5 (37-89) 65 (30-87) 0.961

Sex, n (%)

Male 75 (56.4) 63 (56.3) 12 (57.1)
>0.99

Female 58 (43.6) 49 (43.8) 9 (42.9)

BMI* 20.8 (14.9-40.5) 20.7 (14.9-35.6) 21.2 (16.3-40.5) 0.216

Location of primary tumor, n (%)

Right colon 68 (51.1) 58 (51.8) 10 (47.6)

0.949Left colon 39 (29.3) 32 (28.6) 7 (33.3)

Rectum (including rectosigmoid colon) 26 (19.5) 22 (19.6) 4 (19.0)

CEA* 21.8 (0.7-15000) 19.45 (0.7-15000) 24.5  (3.7-5444) 0.513

Normal 32 (24.1) 29 (25.9) 3 (14.3)
0.404

Abnormal 101 (75.9) 83 (74.1) 18 (85.7)

CA19-9* 49.0 (0.4-22599) 47.5 (0.4-20119) 73.0 (1.6-22599) 0.839

Normal 62 (46.6) 53 (47.3) 9 (42.9)
0.812

Abnormal 71 (53.4) 59 (52.7) 12 (57.1)

Distant metastases other than peritoneal metastasis, 

n (%)

Negative 66 (49.6) 51 (45.5) 15 (71.4)
0.229

Positve 67 (50.4) 61 (54.5) 6 (28.6)

1 organ 46 (34.6) 34 (30.4) 12 (57.1)

0.1812 organ 25 (18.8) 23 (20.5) 2 (9.5)

≥3 organs 5 (3.8) 4 (3.6) 1 (4.8)

Peritoneal seeding grade, n (%)

P1 27 (20.3) 26 (23.2) 1 (4.8)

0.002P2 51 (38.3) 47 (42.0) 4 (19)

P3 55 (41.4) 39 (34.8) 16 (76.2)

PCI* 4 (1-29) 4 (1-28) 13  (2-29) <0.001

Mortality, n (%) 0 (0)

Postoperative complications, n (%) 

>Grade 2 20 (17.9)

P1 4 (15.4)

0.601#P2 7 (14.9)

P3 9 (23.1)

>Grade 3 8 (7.1)

P1 1 (3.8)

0.808#P2 4 (8.5)

P3 3 (7.7)

Postoperative chemotherapy, n (%)

Yes 110 (82.7) 93 (83.0) 17 (81.0)
0.234

No 23 (17.3) 19 (17.0) 4 (19.0)

*median (range), BMI: body mass index, Right colon: velmiformis, cecum, ascending colon and transverse colon, Left colon: descending colon and sigmoid 

colon, CEA: carcinoembryonic antigen, CA19-9: carbohydrate antigen 19-9, PCI: peritoneal cancer index
#: P1 versus P2+3

increased (Table 2).

4. OS curves of patients in the PTR and non-PTR groups

According to the peritoneal seeding grade, the P3 group

had a significantly worse prognosis than the P1 group (p=

0.039; Figure 2). The OS of the PTR (n=112) and non-PTR

(n = 21) groups was compared. The median survival time in

the non-PTR group was 6 months (range, 4-12), whereas it

was 26 months (range, 2-31) in the PTR group. A statisti-

cally significant difference was observed between the two

groups (p<0.001; Figure 3A). We also compared OS be-

tween the PTR and non-PTR groups in P1+P2 patients (n=

78) and P3 patients (n=55). Even when restricted to the P3

group, the median survival time in the non-PTR group was

6 months (range, 3-11), whereas in the PTR group, it was

16 months (range, 9-30). A statistically significant difference
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Figure　2.　Overall survival curves of patients according to the peritoneal 

seeding grade.

Table　2.　Pathological outcomes

PTR 

(N=112)
(%)

Histological type of primary tumor, n (%)

Well or mod 89 (79.5)

Por 12 (10.7)

Others 11 (9.8)

T-category, n (%)

T3  9 (8.0)

T4a 79 (70.5)

T4b 24 (21.4)

N-category, n (%)

N0 27 (24.1)

N1a 17 (15.2)

N1b 22 (19.6)

N2a 24 (21.4)

N2b 22 (19.6)

Curability, n (%)

R0 29 (25.9)

R1  4 (3.6)

R2 79 (70.5)

R0, n (%)

P1 14 (53.8)

P2 14 (29.8)

P3  1 (2.6)

Well or mod: well or moderately differentiated adenocarcinoma, Por: 

poorly differentiated adenocaecinoma

was observed between the two groups (p=0.012), thereby

suggesting that PTR has a survival benefit for patients with

advanced mCRC-SPM, such as P3 (Figure 3B, C).

5. Prognostic factors in patients who underwent PTR

Results of univariate analysis of prognostic factors for the

112 patients with SPM are shown in Table 3. Age �75

years, presence or absence of lymph node metastasis, pres-

ence or absence of liver metastasis, degree of peritoneal me-

tastasis (P classification and PCI), cancer residuals, and

postoperative chemotherapy were statistically significantly

associated with OS. In the multivariate analysis, poor OS

was statistically related to age �75 years, rectal cancer, pres-

ence of liver metastasis, higher PCI, non-curative resection,

and no postoperative chemotherapy (Table 4). Two multi-

variate analyses were performed in this study. In one, we

controlled for P classification, and in the other we controlled

for PCI, because they are potentially confounding factors.

6. Postoperative complications and prognosis

Postoperative complications of Clavien-Dindo classifica-

tion grade 2 or higher were observed in 20 (17.9%) patients

and grade 3 or higher in 8 (7.1%) patients. However, no sta-

tistically significant difference was observed between the

grade of postoperative complications and OS (Figure 4). Ad-

ditionally, no statistically significant differences were ob-

served between the grades of postoperative complications
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Figure　3.　Overall survival curves of patients in the primary tumor resection (PTR) and non-PTR groups.

A) P1+P2+P3 cases (n =133).

B) P1+2 cases (n=78).

C) P3 cases (n=55).

Table　3.　Univariate analysis of survival

Variables p-value

Age: <75/≥75 years 0.001

Sex 0.183

BMI: <20/≥20 kg/m2 0.167

Location of primary tumor: right/left 0.240

Location of primary tumor: colon/rectum 0.051

Tumor markers: normal/abnormal 0.104

CEA 0.078

CA19-9 0.608

Histological type: well or moderately differentiated/other 0.440

pT3/pT4 0.293

pN0+pN1/pN2 0.014

Distant metastasis: yes/no 0.079

Liver metastasis: yes/no 0.003

Lung metastasis: yes/no 0.939

Distant metastasis: 0,1,2,3,4 <0.001

Peritoneal metastasis: P1+P2/P3 0.024

PCI 0.049

Residual tumor: R0/R1+R2 0.002

Postoperative chemotheraphy: yes/no 0.001

Postoperative complications: yes/no 0.301

BMI: body mass index, CEA: carcinoembryonic antigen, CA19-9: carbohy-

drate antigen 19-9, PCI: peritoneal cancer index

and OS in P1 (n=26) and P2+3 patients (n=86) (Figure 5).

Discussion

SPM is generally less frequent than liver or lung metasta-

ses in mCRC. In addition, SPM is often difficult to diagnose

preoperatively and is frequently detected during laparotomy.

Many surgeons have performed PTR for mCRC-SPM in the

hope of benefiting from postoperative adjuvant chemother-

apy, despite the difficulty of achieving R0 resection. This is

because PTR relieves cancer-related symptoms such as

bloody stools and impaired stool evacuation. However, the

occurrence of mortality and morbidity due to PTR for

mCRC is not infrequent, and complications can delay the

introduction of anticancer therapy and significantly affect

patients’ quality of life and remaining life expectancy.

The survival benefit of PTR for mCRC is still being de-

bated[4,11,12]. Recently, two randomized controlled trials,

in which the population of mCRC-SPM was only 5%-7%,

reported that PTR for stage IV CRC was not associated with

prolonged OS.

Conversely, a systematic review by Anwar et al.[13] con-

cluded that PTR has a survival benefit and should be con-

sidered based on the performance status (PS) and tumor

status rather than the presence or absence of symptoms. In a

meta-analysis by Simillis et al.[14], PTR improved the prog-

nosis in the absence of increased complications. In a retro-

spective study of 6,708 young patients with CRC, aged 18-

45 years, Arhin et al.[15] reported that surgical treatment of

primary sites and metastases significantly improved progno-

sis. Recently, Rovers et al.[6] and Rijken et al.[7] reported

that PTR for mCRC-SPM was associated with an improved

prognosis.

In this study, despite the 25.9% R0 resection rate, the me-

dian OS was 26 months in the PTR group, which was sig-

nificantly better than the 6 months in the non-PTR group,

suggesting a possible survival benefit of PTR in patients

with mCRC-SPM regardless of R0 resection. This is be-

cause the survival time is longer than the reported median

survival time (5-15 months)[16,17] of patients with mCRC

treated with palliative systematic therapy to date. However,
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Figure　4.　Overall survival curves of patients according to the postoperative complications.
A) Postoperative complication <grade 2 vs. ≥grade 2.
B) Postoperative complication <grade 3 vs. ≥grade 3.

Table　4.　Multivariate analysis of survival

Variables
Univariate Multiple

p-value Hazard ratio 95% CI p-value

Age: <75/≥75 years 0.001 2.32 1.347-3.996 0.024

Sex 0.183 1.071 0.671-1.709 0.775

Location of primary tumor: colon/rectum 0.051 0.3912 0.225-0.680 0.001

pN0+pN1/pN2 0.014 1.203 0.710-2.039 0.492

Liver metastasis: yes/no 0.003 1.603 0.958-2.680 0.072

Peritoneal metastasis: P1+P2/P3 0.024 1.394 0.841-2.312 0.198

Residual tumor: R0/R1+R2 0.002 1.539 1.033-2.292 0.034

Postoperative chemotheraphy: yes/no 0.001 0.2342 0.113-0.486 <0.001

Variables
Univariate Multiple

p-value Hazard ratio 95% CI p-value

Age: <75/≥75 years 0.001 2.301 1.336-3.963 0.003

Sex 0.183 1.161 0.725-1.860 0.534

Location of primary tumor: colon/rectum 0.051 0.3677 0.211-0.640 0.004

pN0+pN1/pN2 0.014 1.152 0.677-1.960 0.602

Liver metastasis: yes/no 0.003 1.897 1.108-3.248 0.020

PCI 0.049 1.053 1.014-1.094 0.008

Residual tumor: R0/R1+R2 0.002 1.348 0.900-2.019 0.147

Postoperative chemotheraphy: yes/no 0.001 0.2609 0.125-0.544 <0.001

PCI: peritoneal cancer index

in the subanalysis of SPM by grade, only P1 showed signifi-

cant differences. Although no mortalities occurred, postop-

erative complications of grade 2 or higher were observed in

17.9% of all patients. Ahmed et al.[18] reported a mean 30-

day postoperative mortality of 4.9% and morbidity of 25.9%

in their review, higher than those in the present study. How-

ever, postoperative complications increased with the grade of

dissemination, and the frequency of morbidity after PTR for

P1, P2, and P3 metastasis was 15.4%, 14.9%, and 23.1%,

respectively. Although some studies, such as those by Zhou

et al.[19] and Cascales-Campos et al.[20], have reported that

high postoperative morbidity affects OS, in the present

study, this was not the case. However, since morbidity likely

plays a significant role in postoperative chemotherapy initia-

tion and quality of life, whether to conduct PTR should ulti-

mately be determined by considering the patient’s PS and
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Figure　5.　Overall survival curves of patients according to the peritoneal seeding grade and postoperative 
complications.
A) P1 cases (n = 26), postoperative complication ≥grade 2.
B) P2+3 cases (n = 86), postoperative complication ≥grade 2.

tumor burden.

In addition, surgeons need to be aware of the prognostic

factors when making appropriate decisions to perform PTR.

In this study, multivariate analysis was performed to exam-

ine the prognostic determinants of PTR, revealing age �75

years, rectal cancer, liver metastasis, a higher PCI, cancer

residuals, and no postoperative chemotherapy as independent

factors affecting OS after PTR for mCRC-SPM. Elderly in-

dividuals have poor PS and many comorbidities due to age-

related declines in physiological function. The elderly may

be limited by their physical vulnerability to standard treat-

ment modalities such as surgery and anticancer ther-

apy[20,21]. A multi-center study by Sarasqueta et al.[22] re-

ported that age is an important factor in postoperative adju-

vant therapy for advanced CRC. In this study, the exact rea-

son could not be elucidated because the choice of surgical

technique and anticancer drug treatment was determined by

the physician in charge and the patient. However, the age

cutoff of 75 years might have played a role in OS, as the

rate of chemotherapy administration was significantly lower

in those aged �75 years than in those aged <75 years

(62.5% vs. 88.6%, p<0.001).CRC treatment has also made

advances in the last two decades. In a report comparing the

prognoses of colon and rectal cancers since 2000, Duraes et

al.[23] found that colon cancer had a better prognosis than

rectal cancer when adjusted for age, sex, the American Soci-

ety of Anesthesiologists’ classification, chemotherapy, and

pathological progression. mCRC-SPM occurs more fre-

quently in the colon than in the rectum[24-26]. Although the

histological types of mucinous carcinoma and poorly differ-

entiated adenocarcinoma resulted in poor OS in previous

studies[27,28], no differences in histology were observed be-

tween the rectum and colon in the present study.

Liver metastasis is the most frequent metastasis in mCRC,

and treatment for liver metastasis is associated with an im-

proved prognosis in mCRC. The reported frequency of si-

multaneous liver metastases in CRC is approximately 15%;

however, in this study, approximately 80% of the patients

had liver metastases, which might have been extracted as an

important prognostic factor affecting OS.

The PCI scores 13 regions in the abdominal cavity and is

widely reported as an important prognostic factor[29,30]. A

systematic review by Narasimhan et al.[31] also reported

that a higher PCI was associated with poorer OS, along with

incomplete cytoreduction and lymph node involvement. Al-

though various reports on the PCI cutoff value have been

published, Kobayashi et al.[32], in their study of 564 pa-

tients with mCRC-SPM, reported that a PCI cutoff value of

10 is reasonable. Nagata et al.[33] identified PCI >10 as a

prognostic factor for iatrogenic peritoneal metastasis in co-

lon cancer. However, we could not determine the appropriate

cutoff value for PCI in this study. A higher PCI was identi-

fied as one of the risk factors affecting OS in this study. Re-

garding the fact that P1/P2+3 was not a significant risk fac-

tor despite PCI being one, we believe that this can be attrib-

uted to the detailed classification of the PCI. However, this

classification is quite cumbersome and time-consuming,

making it infeasible for clinical practice.

R0 resection is generally important for achieving good

survival. A systematic review and meta-analysis of the treat-

ment of mCRC-SPM by Wu et al.[34] noted that curative

treatments improve 3- and 5-year outcomes, but are associ-

ated with morbidity, while Shida et al.[35] and Kobayashi et

al.[36] reported the importance of R0 resection for mCRC-

SPM.

In this study, R0 resection was performed in only 25.9%
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of the patients, and postoperative complications of grade 2

or higher increased with increasing dissemination grade, re-

gardless of curative or non-curative resection.

Systemic chemotherapy plays an important role in the

treatment of mCRC-SPM to improve the prognosis, as indi-

cated in the NCCN guidelines[3]. A median survival of 5-15

months has been achieved with systemic palliative therapy.

With regard to chemotherapy, many reports indicate that ad-

juvant chemotherapy after R0 resection is an important fac-

tor in improving the prognosis in mCRC-SPM[28,37-39].

In addition, hyperthermic intraperitoneal chemotherapy

(HIPEC) improved the prognosis after resection and cytore-

duction surgery in a recent study, and it is becoming ac-

cepted as the standard of care for CRC with peritoneal dis-

semination[40,41].

Limitations

This study has certain limitations. Although this was a

multi-center, prospective, observational study, we encoun-

tered several difficulties in examining the significance of

PTR. First, the number of patients in the non-PTR group

was not sufficient to clarify the significance of PTR. In ad-

dition, the non-PTR group had 16 (76.2%) more patients

with P3, which might have caused the significant difference

in OS between the PTR and non-PTR groups. Second, the

treatment strategies for mCRC-SPM differed between insti-

tutions and surgeons, and the choice of procedure and post-

operative treatment might have been subject to the individ-

ual discretion of each surgeon. Finally, although cytoreduc-

tive surgery with HIPEC is performed worldwide, only a

few patients in this study underwent HIPEC; therefore, the

significance of HIPEC in cytoreductive surgery was not ex-

amined.

Conclusion

PTR may be aggressively considered for patients with

mCRC-SPM and localized peritoneal dissemination; how-

ever, age �75 years, rectal cancer, liver metastases, a higher

PCI, non-curative resection, and non-treatment with system-

atic chemotherapy are factors leading to a reduced survival

benefit from PTR.
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