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We investigated the expression of poorly differentiated clusters (PDC) in 330 cases of colorectal cancer pa-

tients who underwent Curability A resection. PDC are defined as clusters consisting of five or more cancer cells

with no gland formation. We counted the number of PDC, defined Grade 1 as having fewer than 4, Grade 2 (5~9),

and Grade 3 (more than 10). The PDC Grade tended to increase with stage progression. There was a significant

difference in the disease-free 5-year survival between PDC Grades 1 and 2 and PDC Grade 3. There was a signifi-

cant relationship between PDC and invasive growth pattern (INF). We investigated the disease-free 5-year sur-

vival based on PDC appearance. In the lymph nodes metastasis positive group, there were no significant differ-

ences between PDC Grades 1 and 2 and PDC Grade 3, however, in the lymph nodes metastasis negative group,
there were significant differences between PDC Grades 1 and 2 and PDC Grade 3. In Stage II, PDC Grades 1 and
2 in depth of tumor invasion T3 had a tendency to have good prognosis than any PDC Grade in depth of tumor in-

vasion T4, and PDC Grade 3 in depth of tumor invasion T3.
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Introduction

Several studies”? have reported that dedifferen-
tiation at the front of carcinoma is an important fac-
tor when determining the prognosis in colorectal
cancer. However, there are currently no standard
diagnostic criteria. Recently, the significance of tu-
mor budding in prognosis has been pointed out.
Budding is defined as an isolated single cancer cell
or a cluster composed of fewer than 5 cancer cells
at the invasive front of the tumor”. In particular,
tumor budding is said to be useful as an indicator of
lymph node metastasis depending on the submu-
cosa (SM) depth of colorectal cancer”. On the other
hand, poorly differentiated clusters (PDC) are de-
fined as clusters consisting of five or more cancer
cells with no gland formation®. It has been reported

that PDC is associated with lymph node metastasis
and SM depth of the cancer as well as budding®,
and reported that even in the case of advanced can-
cer with poor PDC expression, patients have had
excellent prognosis”. Here, we investigated the ex-
pression of PDC in colorectal cancer, in addition to
examining the relationship of PDC expression and
disease-free 5-year survival based on clinicopa-
thological factors.
Patients and Methods

1. Patients

We conducted a consecutive survey of 330 cases
of colorectal cancer patients who underwent Cura-
bility A resection in our institution between 2003
and 2006. According to the Japanese Classification
of Colorectal Carcinoma Second English Edition®,
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Fig. 1 PDC appearance according to Stage progres-
sion
The PDC grade tended to increase with stage pro-
gression (p<<0.0001).

the distribution of tumor location was as follows:
212 colon, 46 rectosigmoid portion, and 72 rectum
cases. The distribution according to histological
staging was stage I, 78 patients; stage II, 119 cases;
stage IIIa, 95 cases; stage IIIb, 37 patients.

2. PDC Grading

We examined the occurrence of PDC in the inva-
sion front of carcinoma and the relationship be-
tween PDC and disease-free 5-year survival based
on clinicopathological factors. We performed PDC
grading in accordance with the 75" Japanese Soci-
ety for Cancer of the Colon and Rectum (JSCCR)
web site”. PDC are defined as clusters consisting of
five or more cancer cells with no gland formation.
We made no distinction about PDC existence within
or outside the lymphatic and venous vessels. We ex-
cluded cancer fragments by degeneration and ne-
crosis with inflammatory cell infiltration and.cluster
suspended in mucinous lake. We observed the en-
tire tumor with cut surface typical of the tumor us-
ing a low-power microscope and selected the most
intensive region. We then observed in microscopic
field of 20 times an objective area. We counted the
number of PDC, and defined Grade 1 as having
fewer than 4, Grade 2 (5~9), and Grade 3 (more
than 10).

3. Statistics

The ’ test, Mann—Whitney U test, and Wilcoxon
test were used for statistical univariate analysis and
logistic regression analysis or model and Cox’s pro-
portional hazard regression model were used for
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Fig. 2 PDC Grade and disease-free 5-year survival
PDC Grades 1 and 2 had significantly good prognosis
than PDC Grade 3 (p=0.0307).

statistical multivariate analysis. A p value of less
than 0.05 was taken to indicate a statistical signifi-
cance (JMP® statistics system).

4. Ethical matters

This study was carried out in compliance with
the Declaration of Helsinki and the Ethical Guide-
lines for Clinical Research (No. 459 of the Ministry of
Health, Labour and Welfare Notification, July 31,
2008).

Results

1. PDC appearance according to Stage progres-
sion

For Stage I, 45 cases (57.7%) were classified as
PDC Grade 1, 17 cases (21.8%) were PDC Grade 2,
and 16 cases (20.5%) were PDC Grade 3. For Stage
II, 46 cases (38.7%) were PDC Grade 1, 26 cases
(21.9%) were PDC Grade 2, and 47 cases (395%):
were PDC Grade 3. For Stage I1la, 22 cases (22.9%)
were PDC Grade 1, 24 cases (250%) were PDC
Grade 2, and 50 cases (52.1%) were PDC Grade 3.
For Stage IIIb, 7 cases (18.9%) were PDC Grade 1, 5
cases (135%) were PDC Grade 2, 25 cases (67.6%)
were PDC Grade 3. The PDC Grade tended to in-
crease with stage progression (p<0.0001) (Fig. 1).

2. Relationship between PDC appearance and
clinicopathological factors

We examined the relationship between PDC ap-
pearance and disease-free 5-year survival. There
was no significant difference in the disease-free 5-
year survival between PDC Grade 1 and PDC
Grade 2 and 3 (p=0.1936). However, PDC Grades 1
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Table Relationship between PDC appearance and clinicopathological factors
Univariate Multivariate

Gr:(gecl 2 nglg 3 analysis analysis

’ p value p value
Recurrence +/ - 36/156 35/103 ns n.s

INF ab/c 163/29 57/81 <0.0001 <0.0001
Gender Male/Female 111/81 81/57 ns ns
Age <60 y/60 y< 53/138 36/98 ns ns
CEA Normal/Abnormal 103/49 62/46 ns ns
CA199 Normal/Abnormal 138/12 88/19 0.0205 n.s
Location Colon, RS/Rectum 157/35 101/37 ns ns
Macroscopic type Type 0, 1, 2/type 3,4, 5 171/16 119/16 ns ns
Circumferential rate < 2/3/subcircumference < 124/55 66/61 0.0027 n.s
Tumor size <50 mm/50 mm< 127/61 71/60 0.0189 ns
Histological type Well/Moderate, poorly 99/92 43/95 0.0002 ns
Depth of tumor invasion T2/T3 71/121 22/116 <0.0001 ns
Lymph node metastasis +/- 57/133 75/63 <0.0001 n.s
Lympatic invasion ly0/1y123 42/149 7/130 <0.0001 n.s
Venous invasion v0/v123 161/30 92/45 0.0003 ns

INF: invasive growth pattern, PDC: poorly differentiated clusters, RS: rectosigmoid.
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Fig. 3 Association with PDC and INF
In the INF-a, the majority of cases were PDC Grade
1 (30 cases were Grade 1 (96.8%)). In the INF-c, the
majority of cases were PDC Grade 3 (81 cases were
Grade 3 (73.6%)). However, in the INF-b, 55 cases were
Grade 2 (29.1%). PDC Grade 2 did not necessarily coin-
cide with the INF-b.

and 2 had significantly good prognosis than PDC
Grade 3 (p =0.0307) (Fig. 2). In addition, we exam-
ined the relationship between PDC appearance and
clinicopathological factors. In univariate analysis,
significant relations were found between PDC ap-
pearance and the invasive growth pattern (INF),
CA199, circumferential rate of the tumor, tumor
size, histological type, depth of tumor invasion,
lymph node metastasis, lymphatic invasion, and ve-
nous invasion. In addition, a significant relationship
was found in INF in logistic regression analysis (p<

0.0001) (Table).

3. Association with PDC and INF

We investigated the association between INF and
PDC appearance (p<0.0001). In the INF-a, the ma-
jority of cases were PDC Grade 1 (30 cases were
Grade 1 (96.8%)). In the INF-c, the majority of cases
were PDC Grade 3 (81 cases were Grade 3 (73.6%)).
However, in the INF-b, 78 cases were Grade 1
(41.39%), 55 cases were Grade 2 (29.1%), and 56 cases
were Grade 3 (29.7%). Therefore, PDC Grade 2 did
not necessarily coincide with the INF-b (Fig. 3).

4. Disease-free 5-year survival based on PDC
Grade according to clinicopathological stage

We investigated the disease-free 5-year survival
based on PDC appearance. In the lymph nodes me-
tastasis positive group, there were no significant
differences between PDC Grade 1 and 2 and the
PDC Grade 3 (p =0.6145), but in the lymph nodes
metastasis negative group, there were significant
differences between PDC Grade 1 and 2 and the
PDC Grade 3 (p =0.0089) (Fig. 4). We then divided
the lymph node metastasis negative group into
Stage I and Stage II, and conducted the same inves-
tigation based on PDC appearance. In neither Stage
I nor Stage II, there were no significant differences
between PDC Grades 1 and 2 and PDC Grade 3
(Stage I, p=0.2522, Stage II;, p = 0.0658) (Fig. 5). In
Stage II, there were no significant differences be-
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Fig. 4 Disease-free 5-year survival based on PDC Grade according to lymph nodes metas-

tasis

In the lymph nodes metastasis positive group, there was no significant differences for
disease free 5-year survival between PDC Grades 1 and 2 and the PDC Grade 3 (p=
0.6145), but in the lymph nodes metastasis negative group, there was significant differ-
ences for disease free 5-year survival between PDC Grades 1 and 2 and the PDC Grade

3 (p=0.0089).
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Fig. 5 Disease-free 5-year survival based on PDC Grade according to clinicopathological

negative lymph node metastasis

In neither Stage I nor Stage II, there were no significant differences for disease free
5-year survival between PDC Grades 1 and 2 and PDC Grade 3 (Stage I, p=0.2522, Stage

I;; p=0.0658)

tween depth of tumor invasion T3 and T4 in PDC
Grade 3 (p =04161), but significant differences be-
tween depth of tumor invasion T3 and T4 in PDC
Grades 1 and 2 (p = 0.0160) (Fig. 6) were found. In
Stage II, PDC Grades 1 and 2 in depth of tumor in-
vasion T3 had a tendency to have good prognosis
than any PDC Grade in depth of tumor invasion T4
(p =0.0058), and PDC Grade 3 in depth of tumor in-
vasion T3 (p=0.0979) (Fig. 7).
Discussion

Several studies have reported that dedifferenta-

tion at the front of carcinoma is an important factor

to determine the prognosis in colorectal cancer’?.
However, it is difficult to make a clear distinction
between moderately differentiated adenocarcinoma
and well differentiated adenocarcinoma. Further-
more, there is no consensus determining the histo-
logical type based on reference to the most his-
tologically active portion or the dominant area of
tissue””. On the other hand, PDC is only defined by
the expression of clusters regardless of the histo-
logical type. PDC Grade showed a tendency to in-
crease as the clinicopathological stage became more
advanced. PDC Grade 3 showed significantly poor
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Fig. 6 Disease-free 5-year survival based on depth of tumor invasion according to PDC

Grade in Stage II

In Stage 11, there were no significant differences for disease free 5-year survival between
depth of tumor invasion T3 and T4 in PDC Grade 3 (p=0.4161), but there was significant
differences for disease free 5-year survival between depth of tumor invasion T3 and T4

in PDC Grades 1 and 2 (p =0.0160).
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Fig. 7 Relationship between Disease-free 5-year sur-
vival and combination of PDC Grade and depth of
tumor invasion in Stage II
PDC Grades 1 and 2 in depth of tumor invasion T3
had a tendency to good prognosis than any PDC
appearance in depth of tumor invasion T4 (p=
0.0058), and PDC Grade 3 in depth of tumor invasion
T3 (p=0.0979).

prognosis than PDC Grades 1 and 2. The cancer
with high frequency of PDC expression in the mar-
gin of invasion front of the colorectal cancer may
have potential tumor invasion. INF shows the for-
mat of invasive cancer growth, which is described
in the Japanese Classification of Colorectal Carci-
noma Second English Edition'. In this study, INF
had a strong correlation with PDC. INF is classified
into 3 cancer nest developmental types under a low-

power field, and is determined subjectively. How-

ever, regarding PDC, classification is determined
more objectively than INF, based on the number of
clusters at the invasive front of tumor.

We investigated the possibility of PDC which
could classify prognosis colorectal cancer. In neither
Stage I nor Stage III, there was no significant prog-
nostic difference between PDC Grades 1 and 2 and
PDC Grade 3. Depth invasion of Stage I depends on
the muscularis propria. For cancer with high fre-
quency of PDC appearance, radical surgery of the
intestinal serosa, which is the last barrier to tumor
invasion, obtained similar outcome. However, Stage
IIT was the initial stage of lymph node metastases
for other sites. We believe that in Stage III, the
prognosis is governed not by the PDC situation of
the primary tumor but by situations site of metasta-
sis. In order to verify whether this is correct, we
need to examine the occurrence of PDC in lymph
node metastasis. In addition, there were no signifi-
cant differences in the outcome between PDC
Grades 1 and 2 and PDC Grade 3 in Stage II. How-
ever, significant differences could be found in the
case of depth invasion for Stage II, between T3 and
T4 among PDC Grades 1 and 2. We believe that
both PDC Grades 1 and 2 and depth of tumor inva-
sion T3 cases in Stage II could determined as the
low risk recurrence group of Stage IL

The main problem which must be solved in the
future is how to determine PDC, as this is deter-
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mined without specifying the inside or outside of
vascular invasion, making it difficult to distinguish
between PDC and marked highly invasion of the
vessels (ly3: severe.lymphatic invasion and v3: se-
vere venous invasion). In addition, PDC forms mas-
sive cluster compared with tumor budding, but is
sometimes difficult to distinguish from fibroblasts,
histiocytes and vascular endothelial cells. To re-
solve this problem, double immunostaining with D2-
40 and CD-31 based on cytokeratin is necessary to
clarify the differences between PDC and vascular
invasion®.

According to the national registry of domestic
colorectal cancer, the cumulative 5year survival
rate of patients with curative resection is 94.3% in
Stage 0, 906% in Stage I, 81.2% in Stage II, 714% in
Stage IIIa, and 56.0% in Stage IIIb*™. In Stage III, it
is known that the surgery with add on adjuvant
chemotherapy group has a better prognosis than
the surgery alone group'™®. However, no consen-
sus has been obtained at present on the use of adju-
vant chemotherapy for Stage II. It is very impor-
tant to select a group with a high and low risk of
metastasis in Stage II. Evaluation of PDC is thought
to be useful when selecting the low risk group with
metastatis.

Conclusion

The PDC grade tended to increase with stage
progression. PDC Grade 1 and 2 had a significantly
better prognosis than PDC Grade 3. A significant
relationship between PDC with several clinicopa-
thological factors could be seen, such as the relation-
ship between PDC and INF in multivariate analysis.
In Stage II, PDC Grade 1 and 2 in depth of tumor in-
vasion T3 had a tendency to have good prognosis
compared with others.

The authors indicated no conflicts of interest.
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