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Abstract

Objectives: In Japan, there are three grades of peritoneal metastasis from colorectal cancer. The grade de-
pends on the extent and number of lesions (P classification). The P classification is useful for its simplicity
but lacks objectivity. On the other hand, the peritoneal cancer index (PCI) objectively indicates the perito-
neal metastasis grade. However, the evaluation process is complicated clinically. In this study, we compared
these two methods and investigated how to improve the P classification’s objectivity by referring to PCIL.
Methods: We investigated 150 cases of synchronous peritoneal metastasis from colorectal cancer. We in-
spected the correlation between the P classification and the PCI and pointed out the problems which pre-
vented objective evaluation when using the P classification. We also estimated new criteria for extent and
number in the P classification.

Results: We found the ideal definition for the best alignment between the P classification and the PCI was:
* P1 is metastases confined to one peritoneal region,

* P2 is 19 or fewer peritoneal metastases in two or more regions, and

+ P3 is 20 or more metastases in two or more regions.
This revision improved the P classification’s objectivity and correlated with the PCIL.

Conclusions: Grading using the P classification was both imprecise and subjective. We propose a new stan-
dard value of extent and number in the P classification based on the PCI. This improvement would provide
an objective, simple method of grading for peritoneal metastasis from colorectal cancer.
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Introduction three grades; however, it is subjective because there are no

standard values for the extent and number of lesions. An-

In Japan, peritoneal metastasis from colorectal cancer is other evaluation method, the peritoneal carcinomatosis index
evaluated based on the extent and number of legions (P (PCI)[2], is frequently used worldwide. The PCI, index clas-
classification Table 1)[1]. It is concise since there are only sifies the degree of peritoneal metastasis into 39 phases, de-
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pending on the number of regions in which metastasis exists
and the maximum size of the lesions (Figure 1). The PCI is
an objective method, but the classification process is compli-
cated clinically. We analyzed the correlation between these
two methods and suggested which points required improve-
ment in the P classification by referring to the PCL

Methods

Patients

Table 1.
Degree of peritoneal metastasis is classified

P Classification.

into three grades; P1, P2, and P3. Each catego-
ry is defined by the distance from the primary
tumor and metastatic amount (nearly number
of lesions) as described on the table. The P
classification is established by the Japan Soci-
ety for Cancer of the Colon and Rectum (JSC-
CR).

P1: Metastasis localized to adjacent peritoneum
P2: Limited metastasis to distant peritoneum
P3: Diffuse metastasis to distant peritoneum

PCI
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Figure 1. PCIL
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This multicentric, prospective, observational study in-
cluded 150 cases of colorectal cancer with synchronous
peritoneal metastasis between October 2012 to December
2016 in 28 institutes (see Acknowledgments), who were part
of the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) project [Grading colorectal cancer peritoneal me-
tastasis]. The JSCCR ethics review board approved the
study.

Methods

1. To indicate the current ability of P classification to
classify metastatic peritoneal lesions, we investigated the
distribution of the extent, the number of lesions, and the
maximum size of lesions in every grade (P1, P2, and P3).

2. To inspect the associations between current P classifi-
cation and the PCI, we calculated the statistical PCI scores
for each grade of P classification. We also confirmed the ra-
tio of cases corresponding to the calculated PCI and tried to
find out which P classification aspects interfered with objec-
tive grading.

3. We attempted to provide standard values for the extent
and the number of lesions in the P classification by referring
to the PCI as an objective standard.

4. We proposed new classifications and added clear stan-
dard values for the current P classification parameters and

Abdominal cavity is divided into 13 regions as a figure. (0 Central, 1 Right upper, 2

Epigastrium, 3 Left upper, 4 Left flank, 5 Left lower, 6 Pelvis, 7 Right lower, 8

Right flank, 9 Upper jejunum, 10 Lower jejunum, 11 Upper ileum, 12 Lower ileum).

The size of the maximum lesion in each region is altered to score 0-3 as follows; O:

no lesions, 1: maximum lesion size <0.5 cm, 2: 0.5-5 cm, and 3: >5 cm. The sum of

the score in every region becomes PCI (minl to max39).
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then verified their objectivity and accuracy.
Statistical analysis

Various parameters of patient backgrounds were analyzed
using Chi-square for independence test, Kruskal-Wallis test,
Student’s T test, and Mann-Whitney’s U test. Associations
between the P classification and the PCI were estimated
with Spearman’s rank correlation coefficient. The calcula-
tions for the various cut-off values between each P classifi-
cation grade were analyzed using logistic regression analysis
and Akaike’s Information Criterion (AIC). AIC is a measure
of the quality of a statistical model[3]. In brief, the lower
the AIC, the better the statistical model. Akaike’s Informa-
tion Criterion is AIC = 2x - 2In(L). The x represents the
number of parameters in the model, and the L represents the
maximized value of the likelihood.

All statistical analyses were performed using EZR, a
graphical user interface for R[4]. Data are presented as num-
bers of patients, ratios (%), or means + standard deviation.

We indicate the process of analyzing the PCI’s cut-off
values between P1-P2 and between P2-P3 (Table 2a, 2b, re-
spectively). We also show an example of how to calculate
the cut-off value between P1-P2. First, as shown in Table 2
a, we temporarily put several sample models of two groups
divided by the PCI score (as an explanatory variable) in or-
der. Then, we analyzed them, via logistic regression analy-
sis, to determine which method of division would produce

Table 2a. Process for Analyzing PCI Cut-off Values be-
tween P1 and P2.

Correlation of Japanese Classification with PCI

the most suitable sort for P1 or P2. The model showed the
lowest AIC with a significant p-value was considered the
most suitable. In this case, we found the model that divided
the groups at PCI 3 to 4 was the best turning point for P1
and P2. Thus, we concluded that P1 corresponds to PCI 1-3,
and P2 corresponds to PCI 4 or more. Using the same
method, we analyzed other cut-off values, such as corre-
spondent PCI between P2 and P3 (divided the groups at PCI
8 to 9 was the best turning point for P2 and P3, Table 2b),
and every parameter (extent, number of lesions and maxi-
mum size) between each P classification grade.

Results

Patient’s backgrounds

All patients were clinically classified by the P classifica-
tion and evaluated by the PCI simultaneously. Table 3 shows
the general patient backgrounds in P1, P2, and P3 cases (Ta-
ble 3a indicates general parameters, and Table 3b indicates
the primary tumor association). P2 included more rectal pa-
tients than P3. The ratio having ascites and other distant or-
gan metastases rose as along with the P grade. There were
no significant differences in age, sex, performance status, tu-
mor marker, primary tumor size, and pathological types. Ta-
ble 3c shows the association of every peritoneal metastasis
parameter in each grade. As the data indicates, there were

Table 2b. Process for Analyzing PCI Cut-off Values between
P2 and P3.

Odds

Odds

Pl P2 . 95%CI p value AIC P2 P3 . 95%CI p value AIC
ratio ratio
PCI =1 2= 21 4.31-103 0.00017 94.484 PCI =6 7< 429  14.8-124  3.69x107"? 97.871
<2 3= 10 3.31-30.2  0.00005 95.088 =7 8< 402 13.8-117 1.17x107" 100.55
<3 4= 26.1 3.33-205  0.00191 94.403 =<8 9= 692  18.6-257  2.52x1071° 92.987
=4 5= 10.4 1.3-82.8  0.0275 107.51 =9 10= 120 15.5-933  4.51x107° 101.15
Table 3a. Patient Backgrounds. General Parameters.
p value
P1 P2 P3
PlvsP2 P2vsP3 PlvsP3
Cases 30 57 63
Age 67.1 63.3 66.7 0.19 0.14 0.13
S M 17 30 37
o 0.89 0.62 0.97
F 13 27 26
Performance Status 0.23 0.4 0.51 0.17 0.38 0.03
CEA (ng/ml) 92.2 506.6 237.4 0.28 0.32 0.31
CA19-9 (U/ml) 798.9  780.1  1422.6 0.97 0.3 0.45
Exsistence of ascites (%) 36.7 579 69.8 0.097 0.241 0.005
Other distant metastasis (%) 36.7 59.6 65.1 0.069 0.67 0.018

159



J Anus Rectum Colon 2020; 4(4): 157-164

dx.doi.org/10.23922/jarc.2020-033

Table 3b. Patient Backgrounds. Primary Tumor Findings.

p value
P1 P2 P3
P1 vs P2 P2 vs P3 P1 vs P3
Site Right colon 19 23 37
Left colon 6 17 20 0.101 0.013 0.368
Rectum 5 17 6
Size (mm) 56.3 593 59.8 0.576 0.924 0.581
Resecti 30 52 45
esection - yes 0.235 0.011 0.002
no 0 5 18
Depth T3 4 4 2
T4a 16 36 37 0.539 0.716 0.201
T4b 10 17 17
Pathol tub 20 41 34
atology 0.639 0.886 0.907
others 9 11 11
Table 3c. Patient Backgrounds. Peritoneal Metastasis Findings.
p value
Pl P2 P3
P1 vs P2 P2 vs P3 P1vs P3
PCI s 1.8 38 14.4
seore <0001 <0.001  <0.001
(1-5) (1-10) (2-29)
Extent (Number of Regions) 1.2 24 8.9
. <0.001 <0.001 <0.001
(see Figure2a) (1-2) (1-6) (1-13)
Number of Lesions 2.7 7.6 71.7
. <0.001 <0.001 <0.001
(see Figure2b) (1-11)  (1-40)  (7-143)
Maximum size (mm) 12.3 26.8 46.2
. 0.038 0.044 <0.001
(see Figure2c) (2-70)  (3-345) (3-250)
Residual peritoneal lesions ~ no 16 15 1
0.023 <0.001 <0.001
yes 14 42 62

significant differences between them.
1. Distribution of extent, number and maximum size of le-
sions in every grade of P classification

Figure 2a shows the distribution of peritoneal metastases
extent in each grade. Because digitizing extent in P classifi-
cation was difficult, we instead substituted the number of re-
gions in which peritoneal metastases existed. The peritoneal
regions were defined according to the PCI method that di-
vides the abdominal cavity into 13 parts (Figure 1). As for
extent, all P1 cases were in two or fewer regions (1 region:
76.7%, 2 regions: 23.3%), and many P2 cases were also in
fewer than two regions (1 region: 31.6%, 2 regions: 29.8%).
In Figure 2a, P1 and P2 overlapped in one region. Although
the mean number of regions between P1 and P2 was differ-
ent, the considerable duplication between P1 and P2 sug-
gests that the P classification could not divide them properly
in terms of extent. Figure 2b shows the distribution of the
number of lesions in each grade. A clear difference was
made evident, particularly in the comparison between P2
and P3 (mean 7.6 vs 71.7, p < 0.001). Although the data ex-
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hibited a clear tendency for the lesion size to increase as the
P-grade increased, the distribution showed a lot of overlap
between each group (Figure 2c).

2. The associations between current P classification and the
PCI

The PCI corresponding to each P-grade was calculated as
follows: P1: 1-3, P2: 4-8, P3: 9 or more (Figure 3 shows the
distribution). We evaluated the correlation between the P
classification and the PCI using Spearman’s rank correlation
coefficient (Figure 4). The correlation coefficient for both
classifications was r = 0.815 (p = 6.41 x 107™"). The correla-
tion was good in general, but the ratios of each grade corre-
sponding to each calculated PCI were not (shown at the up-
per row of Table 4). We found that the P classification could
not classify precisely, especially in P2.

As shown above, a problem with the P classification was
that it could not evaluate the precise extent of the lesions.
On the other hand, we confirmed this classification was able
to classify the number of lesions with high precision. Also,
using size as a parameter was difficult in the P classifica-
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Figure 2. Distribution of parameter for each P grade.

a. Peritoneal metastasis extent (Number of Regions).

See the Number of Regions row in Table3c for detailed values.

b. Number of Lesions.

See the Number of Legions row in Table3c for detailed values.

¢. Maximum Lesion size.
See the Maximum size row in Table3c for detailed values.

tion. From these results, we provided the following solution
to improve the P classification. First, when classifying in P1
and P2, it is necessary to alter the parameter of extent in a
way that makes it a more objective measure. It should not
be like the current, subjective method of evaluation, based
on one’s intuition. Instead, a new concept is required. Sec-
ond, for a clear distinction of classification between P2 and
P3, a clear, standard value for the number of lesions is nec-
essary.

Correlation of Japanese Classification with PCI
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3. Creation of the standard value for the extent and number
of lesions in the P classification

We attempted to digitize these two parameters by refer-
ring to the PCI as an objective index. We redefined P1 as
cases in which metastases were limited to only one abdomi-
nal region. Part of the reason for this change is that perito-
neal metastasis localized in one region is akin to the JSCCR
concept that defines P1 as adjacent to the primary tumor. As
for the number of lesions, we based the cut-off value be-
tween P2 and P3 on the data obtained via logistic regression
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Figure 4. Correlation between P classification and PCI.

analysis, as previously mentioned. As a result, we deter-
mined the standard objective value to be “a few (referring to
P2) is 19 or less” and “diffuse (referring to P3) is 20 or
more.”

Thus, we prescribed a new definition for P classification
as follows: “P1: Within only one abdominal region (distance
from the main tumor does not matter),” “P2: In two or more
regions, and with 19 or fewer lesions,” “P3: In two or more
regions, and with 20 or more lesions” (new P classification).
4. Assessment of the accuracy of the peritoneal metastasis
evaluation by new P classification

The result of this new P classification meant many in-
stances of changed categorizations between P1 and P2 (23%
of P1 changed to new P2 and 31.6% of P2 were changed to
new P1). By using the PCI score of each new P1, P2 and P
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Table 4. Conformity Rate between Each P
Grade and the PCI (%).

P1 P2 P3

96.7 794
92.9 76.8

42.1
86.6

Current P classification
New P classification
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Figure 5. PCI corresponding to each new P grade.

3 cases that were classified and determined according to the
new definition, the PCI corresponding to each new P-grade
was recalculated to be newP1: 1-2, newP2: 3-9, NewP3: 10
and more respectively. Figure 5 shows the distribution of the
PCI corresponding to each new P-grade and the overlap be-
tween P1 and P2 decreased. The new P2 grade’s conformity
rate with the PCI improved a lot (shown at the bottom row
of Table 4), and the Spearman’s rank correlation coefficient
was also improved to r = 0.884, more than that of the cur-
rent classification r = 0.815.

Discussion

Most colorectal cancer patients with synchronous perito-
neal metastasis show poor prognosis[5]. However, resection
is useful for some lesions limited to a small region like in P
1 or low PCI cases[6-8]. The Japanese Classification of Col-
orectal Cancer, P classification, defines peritoneal metastasis
findings using two parameters: distance from the main tu-
mor and number of peritoneal lesions[1]. P classification
sorts metastatic grade into three categories: P1, P2 and P3.
In that, P2/P3 is classified as P1 by distance, and P3 is clas-
sified as P2 by a number of lesions. In the 2019 Japanese
Guidelines for the Treatment of Colorectal Cancer, the treat-
ment strategy for peritoneal metastasis is described as fol-
lows: complete resection is strongly recommended for Pl1,
complete resection is recommended for P2 when easily re-
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sectable and the efficacy of resection for P3 has not been
demonstrated[9]. Because many peritoneal metastases can be
detected intraoperatively, surgeons prefer simple classifica-
tion by which lesions can be evaluated in a short period. In
this way, P classification can indicate treatment strategy
quickly, so it is helpful for surgeons in a clinical setting.
And more, a previous study showed 5-year survival rate of
P1: 26%, P2: 12% and P3: 7%, p <0.0001[10]. This indi-
cates that P classification can reflect the prognosis even
though a simple method.

However, a clear standard value for extent and number in
peritoneal metastasis is not shown in P classification, so sur-
geons must judge the degree of the lesions subjectively. On
the other hand, the PCI is evaluated for its objectivity and it
seems to be the international standard[11]. However, in the
process of PCI evaluation, it is necessary to measure the
size of each metastatic lesion. If we encounter many lesions
in laparoscopic surgery, for example, it demands much la-
bor. Considering those situations, we attempted to improve
the objectivity of P classification while maintaining its bene-
fit, simplicity. And to make the problems with P classifica-
tion clearer, we investigated its association with the PCI as
an objective model.

In general, the P classification had a high correlation with
the PCI; however, when examining each grade’s correlation
with the PCI, the precision of the P2 grade was very poor.
In fact, P1 and P2 were not clearly sorted, and we thought
this was one of the most important points to improve P clas-
sification. The overlap of P1 and P2 is attributed to the lack
of a clear standard value about the extent of peritoneal me-
tastasis. In terms of the extent, the P classification uses am-
biguous wording to explain the difference between P1 and P
2. So, for instance, if there are very few peritoneal metasta-
ses only on Douglas foramen from transverse colon cancer,
the lesions can be evaluated as P2. Indeed, 31.6% of cases
categorized in P2 contained peritoneal metastasis confined to
only one region, and their PCI scores were low. It is neces-
sary to change this criterion of distance to correct such sen-
sory gaps. However, defining a clear standard for distance
from the primary tumor is challenging. By examining the
correlation with the PCI, which is an objective evaluation
method, we expected that the PCI could be used as an index
of the objective criteria for the P classification.

The distance criterion in the P classification and region
numbers of the PCI are slightly different. However, as a re-
alistic means of evaluation, we attempted to introduce the
PCI method into the P classification by, in short, dividing
the abdominal cavity into 13 regions and counting the num-
ber of regions in which peritoneal metastasis existed. More-
over, because the word “adjacency” is akin to “being local-
ized in a small area” we briefly defined P1 as being within
only one region case to avoid judgments based on a subjec-
tive sense of distance. As a result, the overlap of P1 and P2

Correlation of Japanese Classification with PCI

improved, and the PCI correlation to each of them became
more consistent.

The P classification also does not have a standard value
for the number of metastatic lesions. However, there was
only a little overlap between P2-P3 in terms of those num-
bers shown in this examination. This matter indicated that
the current intuitive evaluation of the P classification was
able to sort them so that we could define the standard value
for the number of lesions as the cut-off value calculated sta-
tistically between P2 and P3. As a result, we acquired an
objective standard to assume P2 and P3.

The maximum size of peritoneal metastasis plays an im-
portant role in the PCI evaluation. However, the size could
not classify each grade of the P classification clearly in this
study. Also, the measurement of lesion size is a complicated
procedure and seems to be a disadvantage of the PCI. Thus,
as is the case in conventional P classification, we decided
not to require lesion size for the new classification.

Referring to the concept of the PCI, we produced a new P
classification that classifies peritoneal metastasis into three
grades using two parameters, extent and number of lesions,
in the same way as the conventional method. The objectivity
improved with a clear standard value of the extent between
P1-P2 and of the number of lesions between P2-P3. The
correlation with the PCI improved, and the conformity rate
of each grade to the PCI also improved.

The goal of JSCCR project [Grading colorectal cancer
peritoneal metastasis] is to establish a new classification that
can indicate treatment strategies based on prognoses, and
our research group is collecting the prognostic data. On the
other hand, the main purpose of this study is to clarify the
problems of current P classification and to find further im-
provements. In this study, we suggested a new P classifica-
tion which has objectivity equal to that of the PCI while
keeping the same level of handiness, and we also showed
the usefulness of the P classification.

Of course, it will be necessary to further inspect with
prognostic information in the future. The prognosis will be
announced in future study. When prognostic plasticity is
shown, we will be able to consider this classification to be a
new grading method for providing treatment strategies based
on prognostic prediction.

Acknowledgements

This study is based on data collected from 28 hospitals.
The authors express deep gratitude to the following re-
searchers for collecting data: Yukihide Kanemitsu (National
Cancer Center Hospital), Masamichi Yasuno (Tokyo Medical
and Dental University), Kazuo Hase (National Defense
Medical College), Kotaro Maeda (Fujita Health University
Hospital), Takeshi Suto (Yamagata Prefectural Central Hos-
pital), Michio Itabashi (Tokyo Women’s Medical University),
Kimihiko Funahashi (Toho University Omori Medical Cen-

163



J Anus Rectum Colon 2020; 4(4): 157-164

ter), Fumikazu Koyama (Nara Medical University), Heita
Ozawa (Tochigi Cancer Center), Shingo Noura (Osaka Rosai
Hospital), Hideyuki Ishida (Saitama Medical University),
Masayuki Ohue (Osaka International Cancer Institute),
Hideaki Yano (National Center for Global Health and Medi-
cine), Soichiro Ishihara (University of Tokyo), Keiji Koda
(Teikyo University Chiba Medical Center), Hirotoshi Kobay-
ashi (Tokyo Metropolitan Hiroo Hospital), Fumio Baba (Ku-
mamoto University), Yoshiharu Sakai (Kyoto University),
Yojiro Hashiguchi (Teikyo University), Akio Yamaguchi
(University of Fukui), Masato Kusunoki (Mie University),
Naohiro Tomita (Hyogo College of Medicine), Tadahiko
Masaki (Kyorin University), Yoshito Akagi (Kurume Univer-
sity), Mitsuyoshi Ota (Yokohama City University Medical
Center), Kenichi Hakamada (Hirosaki University) and
Yasuhiro Kodera (Nagoya University)

Conflicts of Interest
There are no conflicts of interest.

Author Contribution
All authors meet authorship the ICMJE recommends.

Approval by Institutional Review Board(IRB)

This study [Grading colorectal cancer peritoneal metasta-
sis] was approved by the ethics review board of the Japa-
nese Society for Cancer of the Colon and Rectum (JSCCR)
on July 5th, 2012.

References
1. Japanese Society for Cancer of the Colon and Rectum. Japanese
Classification of Colorectal, Appendiceal and Anal Carcinoma: the

10.

11.

dx.doi.org/10.23922/jarc.2020-033

. Jacquet P, Sugarbaker PH. Current methodologies for clinical as-

sessment of patients with peritoneal carcinomatosis. J Exp Clin
Cancer Res. 1996; 15(1): 49-58.

. Akaike H. Information Theory and an Extension of the Maximum

Likelihood Principle. Budapest: Akademiai Kiado, 1973.

. Kanda Y. Investigation of the freely available easy-to-use software

‘EZR’ for medical statistics. Bone Marrow Transplant. 2013 Mar;
48(3): 452-8.

. Franco J, Shi Q, Meyers JP, et al. Prognosis of patients with peri-

toneal metastatic colorectal cancer given systemic therapy: an
analysis of individual patient data from prospective randomized
trials from the Analysis and Research in Cancers of the Digestive
System (ARCAD) database. Lancet Oncol. 2016 Dec; 17(12):
1709-19.

. Kobayashi H, Kotake K, Funahashi K, et al. Clinical benefit of

surgery for stage IV colorectal cancer with synchronous peritoneal
metastasis. J Gastroenterol. 2013 Apr; 49(4): 646-54.

. Shida D, Tsukamoto S, Ochiai H, et al. Long-Term outcomes after

RO resection of synchronous peritoneal metastasis form colorectal
cancer without cytoreductive surgery or hyperthermic intraperito-
neal chemotherapy. Ann Surg Oncol. 2018 Jan; 25(1): 173-8.

. Huang Y, Alzahrani NA, Chua TC, et al. Impacts of peritoneal

cancer index on the survival outcomes of patients with colorectal
peritoneal carcinomatosis. Int J Surg. 2016 Aug; 32: 65-70.

. Hashiguchi Y, Muro K, Saito Y, et al. Japanese Society for Cancer

of the Colon and Rectum (JSCCR) guidelines 2019 for the treat-
ment of colorectal cancer. Int J Clin Oncol. 2020; 25(1): 1-42.
Kobayashi H, Kotake K, Sugihara K. Enhancing the Objectivity of
the Japanese Classification of Peritoneal Metastases from Colorec-
tal Cancer. Jpn J Clin Oncol. 2014 Oct; 44(10): 898-902.

Ng JL, Ong WS, Chia CS, et al. Prognostic relevance of the peri-
toneal surface disease severity score compared to the peritoneal
cancer index for colorectal peritoneal carcinomatosis. Int J Surg
Oncol. 2016 Feb; 2016: 2495131.

3rd English Edition. J Anus Rectum Colon. 2019 Oct; 3(4): 175-
95.

164

Journal of the Anus, Rectum and Colon is an Open Access journal distributed
under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 In-
ternational License. To view the details of this license, please visit (https:/creativ
ecommons.org/licenses/by-nc-nd/4.0/).




