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Clinicopathologic Impacts of Poorly Differentiated Cluster-Based 
Grading System in Colorectal Carcinoma 

Differentiation-based histologic grading of colorectal carcinoma (CRC) is widely used, but 
its clinical impact is limited by insufficient prognostic value, interobserver disagreement, 
and the difficulty of its application to CRC with specific histologic types such as mucinous 
and medullary carcinoma. A recently proposed novel grading system based on quantifying 
poorly differentiated clusters (PDCs) claims to have the advantages of reproducibility and 
improved prognostic value, and might apply to heterogeneous CRC. We aimed to validate 
the clinicopathologic significance of the PDCs-based grading system and to determine the 
relationship between this grading system and microsatellite instability (MSI). Two hundred 
and one patients who had undergone radical surgery were reviewed. Based on the number 
of PDCs, 85, 58, and 58 tumors were classified as grade (G) 1 (42.3%), G2 (28.9%), and 
G3 (28.9%), respectively. PDCs-based grade was significantly associated with T, N, and M 
stages; lymphovascular invasion; conventional histologic grade; and frequent tumor 
budding (all P < 0.001). In multivariate analysis, PDCs-based grade was found to be an 
independent prognostic factor for disease-free survival (P = 0.022; hazard ratio, 3.709 
[G2], 7.461 [G3]). G3 CRC significantly correlated with high MSI (MSI-H) compared to G1 
and G2 (P = 0.002; odds ratio, 5.750). In conclusion, this novel grading would provide 
valuable prognostic information to a greater number of patients and would require 
continued verification. PDCs-based grading is feasible for CRCs with heterogeneous 
morphology, and we propose that the association between G3 and MSI-H be further 
evaluated in different histological subtypes of CRC.
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INTRODUCTION

Traditionally, colorectal carcinoma (CRC) has been graded as 
well-differentiated (WD), moderately differentiated (MD), poor-
ly differentiated (PD), and undifferentiated on the basis of the 
percentage of gland formation (1). Although histologic grading 
of tumor differentiation has been shown repeatedly by multi-
variate analysis to be a stage-independent prognostic factor, in 
fact, this type of grading poses practical problems for patholo-
gists and has limitations as a useful tool for clinicians. For pa-
thologists, a significant degree of interobserver variability exists 
(2, 3). Furthermore, applying the grading to carcinomas of un-
usual types of tumor, such as mucinous, signet ring cell, medul-
lary, and micropapillary carcinomas is of questionable practical 
utility and remains debatable. For clinicians, the difference in 
outcome between patients with well-differentiated and moder-
ately differentiated tumors is not as clear as the difference be-
tween well or moderately differentiated tumors and poorly dif-
ferentiated tumors (4). Moreover, because there is only a small 
fraction of poorly differentiated tumors by conventional histo-

logic grade, inevitably only a small fraction of patients is provid-
ed reliable prognostic information. 
 A recently proposed histologic approach to the assessment 
of tumor aggressiveness considers tumor budding. European 
Society Medical Oncology (ESMO) guidelines (2012) recogniz-
ed tumor budding as a “potential prognostic factor” for cura-
tively resected CRC, but the standardization of tumor budding 
assessment remains a work-in-progress (5, 6). A more recent 
study by Ueno et al. (7) focused on the histologic features of poor-
ly differentiated cluster (PDC), defined as a solid cancer cell nest 
comprising ≥ 5 cancer cells and lacking a gland-like structure. 
Ueno et al. (7) maintained that the novel grading system based 
on number of PDCs is an accurate, reproducible and predict-
able grading that is easier and more objective than convention-
al histologic grading or tumor budding grading. Although this 
new grading system has been shown to have simplicity, as well 
as advantages of reproducibility and a robust prognostic value 
in some reports, there remains a need for continued validation 
of the reliability of the novel grading system (8-11).
 It is well known that microsatellite instability (MSI) is associ-
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ated with specific and variable histological features. Tumors 
with MSI-high (MSI-H) have a pushing margin, an exophytic/
polypoid growth pattern, lymphocytosis, and signet ring cells. 
Furthermore, tumors with MSI-H are more frequently hetero-
geneous, mucinous, or medullary type or poorly differentiated 
(12). Because PDCs-based grade is a quantitative method, it has 
the advantage of being capable of application to CRCs with these 
variable morphologies, unlike conventional histologic grade, in 
which it is difficult to integrate diverse morphologic patterns. 
 In this study, we aimed to investigate the association between 
variable clinicopathological parameters and PDCs-based grade 
and to analyze the prognostic significance of the novel grading 
system. In addition, we examined the relationship between the 
novel grading system and MSI.

MATERIALS AND METHODS

Patients and histopathologic evaluation
A total of 235 patients who underwent a standard radical colorec-
tal surgery and regional lymphadenectomy for primary colorec-
tal adenocarcinoma at Kangnam Sacred Heart Hospital in Seoul 
between September 2008 and December 2012 were retrospec-
tively analyzed. Cases with preoperative neoadjuvant chemora-
diotherapy, multiple primary cancers such as synchronous and 
metachronous tumors, and non-radical surgery such as local 
resection or polypectomy were excluded. Furthermore, patients 
who had invalid MSI results were also excluded. Ultimately, 201 
patients were eligible, and demographic, clinical and follow-up 
data were collected from the patients’ medical records. Proxi-
mal tumors referred to tumors located at the cecum, ascending 
colon, hepatic flexure and transverse colon. 
 Hematoxylin-eosin-stained slides of all tumor samples were 
reviewed by two pathologists who were blinded to the patient’s 
clinical information, and the tumors were staged according to 
the seventh edition of the American Joint Commission on Can-
cer (AJCC) cancer staging system (13). For each case, histologic 
grading was performed based on glandular differentiation ac-
cording to the World Health Organization (WHO) criteria (1) 
and on counting PDCs according to the previously described 
criteria by Ueno et al. (7, 9). In brief, PDCs were defined as can-
cer cell clusters in the tumor stroma composed of ≥ 5 cancer 
cells and lacking a gland-like structure, regardless of the size of 
the cluster (Fig. 1). More specifically, with regard to the assess-
ment of mucinous carcinoma, malignant clusters with no tubu-
lar formation infiltrating the stroma with minimal extracellular 
mucin were classified as PDCs. Cancer cell clusters within a large 
mucin pool (i.e. mucinous lake) were not classified as PDCs. 
Also, clusters with invasive micropapillary pattern or signet ring 
cells were accepted as PDCs if they had clustering and no tubu-
lar formation. To quantify these PDCs, the whole tumor includ-
ing its advancing edge was scanned at lower-power magnifica-

tion to identify the area with the highest number of PDCs. The 
clusters were counted using a × 20 objective lens (i.e. a micro-
scopic field with a major axis of 1 mm). Tumors with < 5, 5-9, 
and ≥ 10 clusters were classified as grade 1 (G1), grade 2 (G2) 
and grade 3 (G3), respectively. Other histological findings, in-
cluding lymphovascular invasion (LVI), perineural invasion 
(PNI), mucin production and tumor budding were also assess-
ed. Tumor budding was defined as isolated single cancer cells 
or as cancer clusters with < 5 cancer cells observed in the des-
moplastic stroma of the actively invasive region. After choosing 
one field in which budding was most intensive, a budding count 
was made using the × 20 objective lens (0.785 mm2). Budding 
was divided into two groups: low grade (counts of 0-9) and high 
grade (counts of 10 or more) as previously described (14, 15). 

Molecular analysis
Genomic DNA was obtained from formalin-fixed paraffin-em-
bedded non-neoplastic and neoplastic colorectal tissue and 
was purified using the QIAamp DNA Mini Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s protocol. Analysis 
of MSI status was based on the multiplex amplification of the 
microsatellites (BAT25, BAT26, D2S123, D5S346, and D17S250) 
recommended by a National Cancer Institute (NCI) consensus 
group (16). POP-7 polymer solution (Applied Biosystems, Fos-
ter City, CA, USA) was used for electrophoresis on the ABI Prism® 
3100 Genetic Analyzer (Applied Biosystems). Tumors were clas-
sified as MSI-high when at least two of the five loci showed MSI 
and as MSI-low (MSI-L) when only one locus showed MSI. If 
none of the five microsatellite sequences were mutated, the tu-
mor was classified as microsatellite stable (MSS). Patients with 
MSS and MSI-L tumors were defined as the low MSI group in 
this analysis, and those with MSI-H tumors were defined as the 
high MSI group (17). 

Statistical analysis
The association between PDCs-based grading and other clini-
copathologic characteristics (age, sex, tumor site, tumor size, 
WHO differentiation, TNM stage, LVI, PNI, and tumor budding) 
and MSI status were analyzed by the chi-square test, Fisher’s 
exact test, logistic regression analysis and Kruskal-Wallis test. 
Survival curves were calculated using the Kaplan-Meier meth-
od, and differences between curves were evaluated using the 
log-rank test. The Cox proportional hazards regression analysis 
was used to determine the impact of histologic parameters on 
disease-specific survival (DSS) and disease-free survival (DFS). 
All statistical analyses were performed using the Statistical Pack-
age for Social Sciences software program, version 21.0 (SPSS 
Inc., Chicago, IL, USA), and the results were considered statisti-
cally significant when the P value was ≤ 0.05.



Kim JW, et al. • Poorly Differentiated Cluster-Based Grading of Colorectal Carcinoma

18  http://jkms.org http://dx.doi.org/10.3346/jkms.2015.30.1.16

A

C

B

D

Fig. 1. Histopathological findings of poorly differentiated clusters (PDCs) of colon cancer. (A) Cancer cell clusters located in the stroma, comprising 5 or more cancer cells and 
lacking glands are defined as PDCs. (B) Small clusters of tumor cells surrounded by lacunar spaces forming the so-called “invasive micropapillary” pattern are classified as 
PDCs. (C) In mucinous carcinoma, a cancer cell cluster is considered a PDC when the size of the mucinous area does not exceed that of the cancer cell cluster. (D) PDCs with 
signet ring cells are noted (Hematoxylin and eosin stain; original magnification, × 200).

Ethics statements
This study was reviewed and approved by the institutional re-
view board of Kangnam Sacred Heart Hospital (IRB No. 2014-
05-68). Informed consent was waived by the board.

RESULTS

Correlations between PDCs-based grade and clinicopathologic 
parameters
The mean age of study patients was 62.2 yr of which 108 (53.7%) 
were male. The median follow-up period was 34.5 months. One 
hundred twenty-six (62.7%) tumors were located in the colon 
and 75 (37.3%) in the rectum. Histologically, 7 mucinous ade-
nocarcinomas were noted, and 194 non-mucinous adenocarci-
nomas were classified as WD (23.1%), MD (68.6%), or PD (8%) 
(Table 1). 
 Based on the number of PDCs, 85, 58, and 58 tumors were 

classified as G1 (42.3%), G2 (28.9%), and G3 (28.9%), respective-
ly. PDCs-based grade was significantly associated with tumor 
size, conventional histologic grade, T stage, N stage, M stage, 
LVI, PNI, and frequent tumor budding (all P < 0.001). With re-
gard to the disease progression of pM0 tumors, PDCs-based 
grading was closely correlated with the incidence of local recur-
rence and distant metastasis (P < 0.001).

Prognostic impact of PDCs-based grading system
The 5-yr DFS rate was 86.5% for the G1 tumor group and extrem-
ely favorable, whereas it was 74.2% for the G2 tumor group and 
30.9% for the G3 tumor group (P < 0.001). The 5-yr DSS rates for 
those same groups were 96.7%, 79.4% and 21.6%, respectively 
(P < 0.001) (Fig. 2).
 Univariate analysis revealed that PDCs-based grade, T stage 
(≥ T3), N stage (≥ N1), LVI, PNI, and tumor budding grade were 
poor prognostic factors for DFS (P = 0.001, 0.009, 0.002, 0.003, 
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0.006, and 0.001, respectively) (Table 2). By multivariate analy-
sis, PDCs-based grade was selected as an independent prog-
nostic parameter (P = 0.022; hazard ratio [HR] = 3.709 [G2], 7.461 
[G3]). In a similar manner (not shown), M stage (M1) and the 
novel grade had a significant impact on DSS by multivariate anal-
ysis (P < 0.001 and 0.005, respectively; HR = 6.119 [G2], 19.056 
[G3]). Grade based on differentiation did not have a prognostic 
significance.

Relationship between microsatellite instability and PDCs-
based grade
Of 201 total tumors, 15 were classified as MSI-H (7.5%), of which 
8 were located proximally (53%). PDCs-based grade was asso-
ciated with MSI-H (P = 0.009) (Table 1). In particular, G3 tumors 
were significantly correlated with MSI-H tumors compared to 

G1 and G2 tumors (P = 0.002, odds radio [OR] = 5.750). 
 We reviewed histologically the tumors with MSI-H and sum-
marized each characteristic according to PDCs-based grade, as 
shown in Table 3. These tumors tended to produce mucin (60%; 
P = 0.011). One of the two mucinous carcinomas showed signet 
ring cell components as PDCs and was classified as G3. Typical 
medullary carcinoma was not noted, but there were four tumors 
(27%) with a medullary-like component of > 10%; all 4 were 
classified as G3 (Fig. 3). Peritumoral or intratumoral lymphoid 
infiltrates and a pushing growth pattern were found in 27% and 
33% of tumors, respectively. Six tumors had lymph node metas-
tasis (40%), 5 of which were classified as G3. Additionally, 5 out 
of 16 poorly differentiated tumors according to conventional 

Table 1. Correlations between poorly differentiated clusters-based grade and clinico-
pathologic variables (n = 201)

Characteristics
Poorly differentiated clusters

P value
G1 (%) G2 (%) G3 (%)

Gender
   Male 
   Female 

40 (37.0)
45 (48.3)

33 (30.6)
25 (26.9)

35 (32.4)
23 (24.7)

0.204

Age (yr, mean) 63.0 62.7 61.4 0.462
Tumor location
   Colon
   Rectum

55 (43.7)
30 (40.0)

34 (26.9)
24 (32.0)

37 (29.4)
21 (28.0)

0.745

Tumor size (cm, mean) 3.75 5.15 5.25 < 0.001
Tumor differentiation
   Mucinous
   Non-mucinous
     Well
     Moderate
     Poor

3 (42.9)
87 (44.8)
35 (77.8)
52 (39.1)
0 (0.0)

1 (14.2) 
56 (28.9)
6 (13.3)

48 (36.1)
2 (10.5)

3 (42.9)
51 (26.3)
4 (8.9)

33 (24.8)
14 (89.5)

< 0.001

T stage
   T1
   T2
   T3
   T4

29 (93.5)
13 (61.9)
37 (28.2)
6 (33.3)

2 (6.5)
5 (23.8)

45 (34.4)
6 (33.3)

0 (0.0)
3 (14.3)

49 (37.4)
6 (33.3)

< 0.001

N stage
   N0
   N1
   N2

65 (63.1)
15 (29.4)
5 (10.6)

19 (18.4)
22 (43.1)
17 (36.2)

19 (18.4)
14 (27.5)
25 (53.2)

< 0.001

M stage
   M0
   M1

83 (48.5)
2 (6.7)

47 (27.5)
11(36.7)

41 (24.0)
17 (56.7)

< 0.001

Lymphovascular invasion
   Negative
   Positive

72 (69.9)
13 (13.3)

20 (19.4)
38 (38.8)

11 (10.7)
47 (47.9)

< 0.001

Perineural invasion
   Negative
   Positive

78 (50.3)
7 (15.2)

40 (25.8)
18 (39.1)

37 (23.9)
21 (45.7)

< 0.001

Tumor budding
   Low-grade
   High-grade

78 (60.5)
7 (9.7)

32 (24.8)
26 (36.1)

19 (14.7)
39 (54.2)

< 0.001

Microsatellite instability 
   MSS/MSI-L
   MSI-H

82 (44.1)
3 (20.0)

56 (30.1)
2 (13.3)

48 (25.8)
10 (66.7)

0.009

G, grade; MSS, microsatellite stable; MSI-L, microsatellite instability-low; MSI-H, mic-
rosatellite instability-high.

Fig. 2. Kaplan-Meier curves and P values from the log-rank test analysis of survival 
time differences according to grade based on numbers of poorly differentiated clus-
ters. (A) Disease-free and (B) disease-specific survival. 
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histologic grading frequently showed MSI-H, and these were all 
classified as G3. Multivariate analysis demonstrated that only 
mucin production was independently associated with MSI-H 
(P < 0.001, OR = 11.437).

DISCUSSION

Histologic grading endorsed by the WHO and AJCC is one of 
the most widely used pathologic variables in CRC, but it is also 
one of the most difficult to define accurately. This difficulty is 
primarily a result of the heterogeneous degree of differentiation 
of CRC, which is a distinctive characteristic of the tumor. Occa-
sionally, CRC shows less differentiation at the leading edge where 

the tumor is most aggressive than at the superficial component. 
However, no standard international criteria have been estab-
lished for judging whether grading should be diagnosed on the 
basis of the predominant pattern of differentiation or on the area 
of least differentiation. Therefore, increasing subjectivity and 
interobserver disagreement are inherent in the grading system. 
Furthermore, the current grading system cannot be applied to 
all CRC types, such as medullary and mucinous carcinomas, 
and there has been a recommendation that these tumors be 
ungraded (18). For the last two decades, therefore, the issue of 
the current differentiation-based grading system being a less 
objective and suboptimal tool with inadequacy in predicting 
behavior has been raised. 
 Recently, Ueno et al. (7) suggested a novel grading system 
based on the number of PDCs and demonstrated the superior-
ity of this grading system in terms of interobserver agreement 
and prognostic power. This method has subsequently been fol-
lowed, and its reproducibility has been verified by Barresi et al. 
(8, 10, 11). However, the studies did not include mucinous car-
cinoma and excluded mucinous areas on examination of het-
erogeneous CRCs because of the insufficient description of the 
PDC counting method in the original paper. On the reference 
to the following report of Ueno et al. (9) with more specified ex-
planation, we included mucinous carcinoma in this study and 
examined mucinous areas in CRCs with mucinous components. 
Also, grading in CRCs with heterogeneous morphology, such as 
micropapillary and medullary-like components could be co-
herently approached. Consistent with the results in previous 

Table 2. Univariate and multivariate analyses of disease-free survival 

Variables
Univariate

  
Multivariate

HR (95% CI) P value HR (95% CI) P value

T stage
  < T3
  ≥ T3

1
6.833 (1.6-28.9) 0.009 

1
2.892 (0.6-14.4) 0.194

N stage
   N0
  ≥ N1

1
3.629 (1.6-8-3) 0.002

1
1.547 (0.5-4.6) 0.429

Tumor differentiation
   Well
   Moderate
   Poor

1
2.164 (0.7-6.3)
1.686 (0.3-9.2)

0.157
0.548

Tumor budding
   Low grade
   High grade

1
4.008 (1.8-8.8) 0.001

1
1.469 (0.5-3.9) 0.450

Lymphovascular invasion
   Negative
   Positive

1
3.485 (1.5-7.9) 0.003

1
0.661 (0.2-2.3) 0.517

Perineural invasion
   Negative
   Positive

1
2.916 (1.4-6.3) 0.006

1
2.228 (0.9-5.3) 0.069

PDCs-based grade
   G1
   G2
   G3

1
6.161 (1.7-22.4)

11.141 (3.2-38.8)
0.006

< 0.001

1
3.709 (0.9-15.3)
7.461 (1.7-32.1)

0.070
0.007

HR, hazard ratio; CI, confidence interval; PDCs, poorly differentiated clusters; G, grade.

Table 3. Histopathologic characteristics of tumors with microsatellite instability-high 
(n = 15)

Histopathologic components

 Poorly differentiated clusters

No. (%)G1
(n = 3)

G2 
(n = 2)

G3
(n = 10)

Proximal colon 1 0 7 8 (53)
Mucinous component ( > 10% and  
  ≤ 50 extracellular mucin)

1 0 6 7 (47)

Mucinous carcinoma 1 0 1 2 (13)
Signet ring cell component 0 0 1 1 (7)
Medullary-like component ( > 10%) 0 0 4 4 (27)
Lymphoid infiltration 0 1 3 4 (27)
Pushing growth 1 1 3 5 (33)
Lymph node metastasis 1 0 5 6 (40)
Poorly differentiated tumor 0 0 5 5 (33)

G, grade.



Kim JW, et al. • Poorly Differentiated Cluster-Based Grading of Colorectal Carcinoma

http://jkms.org  21http://dx.doi.org/10.3346/jkms.2015.30.1.16

A B

Fig. 3. Poorly differentiated clusters (PDCs)-based grading on tumors with medullary features. (A) Typical medullary carcinoma component showing large sheets is classified as 
grade 1. (B) However, there is a tumor with many PDCs in a medullary-like background and it is classified as PDCs-based grade 3 (Hematoxylin and eosin stain; original magni-
fication, × 200).

reports, our results showed that PDCs-based grade was a ro-
bust prognostic factor and is significantly correlated with clini-
copathologic parameters associated with disease progression, 
T stage, N stage, M stage, LVI, PNI, and tumor budding grade.
 With regard to morphology and identification, although PDCs 
show a histologic similarity to tumor budding in terms of loss of 
gland formation, some histopathologies are distinguishable. Ac-
cording to the definition of tumor budding (composed of < 5 
cells), there is practical difficulty in precisely identifying and coun-
ting fairly small tumor budding or single cancer cell. Tumor bud-
ding is frequently observed in the actively invasive frontal re-
gion, whereas PDCs often appear within a tumor and at the ad-
vancing edge of the tumor. In addition, we observed that tumor 
budding almost always accompanies desmoplasia, whereas 
PDCs might show less desmoplastic reactions and could be count-
ed in more diverse morphologic backgrounds, such as muci-
nous, signet ring cells and micropapillary- and medullary-like 
features. Therefore, analyzing PDCs was more appropriate than 
analyzing tumor budding for comprehensive application to the 
grading of tumors with heterogeneous morphology.
 Interestingly, we found that the new grading system has a 
more proportionate distribution of tumors classified in each 
category. By conventional grading, 68.6% and 23.1% of cases in 
this study were MD and WD, respectively and only just 8% were 
PD. Using the novel grading system, 29% were G2 tumors, the 
percentage of G1 tumors increased to 42% and the percentage 
of G3 tumors increased to 29%. Moreover, each group showed 
distinct survival differences with statistical significance. There-
fore, we believe that this grading system would give a greater 
number of patients more reliable prognostic information. 
 To our knowledge, the present study is the first to evaluate a 
relationship between PDCs-based grade and MSI status, which 
is a potential element for the molecular classification of CRC. It 

is well known that tumors with MSI-H show considerably in-
consistent histologic characteristics, with mucinous or medul-
lary features and pushing growth versus poorly differentiated 
or signet ring cells feature. These specific histological subtypes 
could make interpretation of a relationship between MSI and 
tumor grade both difficult and confusing. In this study, G3 tu-
mors classified by the PDCs-based grading system correlated 
with MSI-H. Further, poorly differentiated tumors according to 
the WHO grade showed significantly frequent MSI-H (P = 0.002). 
However, the budding grade showing some morphologic simi-
larities with PDCs was not correlated with MSI-H (P = 0.334). 
An association between MSI status and tumor budding has been 
previously described. Zlobec et al. (17) and Jass et al. (19) report-
ed that tumor budding was inversely correlated with MSI-H. 
However, they considered ≥ 6 tumor buds/0.65 mm2 as a high 
tumor budding grade, compared to the ≥ 10 tumor buds/0.785 
mm2 field of vision considered in our study. There is no current 
standard for the “optimal” threshold of high-grade tumor bud-
ding, but the relatively low cut-off point used by Zlobec et al. (17) 
and Jass et al. (19) should be considered. In addition, the mor-
phological diversity of PDCs compared to tumor budding might 
be another factor causing the difference in correlation with MSI-
H status. In our study, 4 tumors with medullary-like components 
were all classified as G3 and showed MSI-H, but they were low 
grade according to tumor budding grade (Fig. 3). Typical med-
ullary carcinoma with large sheets would be classified as low 
grade according to the PDCs-based grade, but we observed tu-
mors with many PDCs in a medullary-like background. Lastly, 
it should be considered that we examined mucinous areas in 
CRCs with mucinous components. In our study, mucin produc-
tion was an independent predictive factor of MSI-H.
 In this cohort, the frequency of the MSI-H genotype was 7.5%, 
which is lower than in studies of Caucasians but similar to other 
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studies of Chinese and Koreans (17, 20-22). In addition, MSI-H 
cancers in this study showed a male predominance (2:1) in con-
trast to studies of Caucasians, in which there is a marked female 
predominance (about 3:1) (12). Because discrepancies based 
on ethnicity and/or environmental effects might affect the as-
sociation of PDCs-based tumor grade and MSI status, subse-
quent studies in variable cohorts would be valuable. 
 Despite having several positive findings, our study had some 
limitations. First, this was a single-institution-based retrospec-
tive study. Second, although the study was based on a large pop-
ulation size, the incidence of specific histologic subtypes such 
as pure mucinous carcinoma and medullary carcinoma was 
very low. Third, the lack of information regarding postoperative 
chemotherapy/radiation treatment and the short follow-up pe-
riod may have obscured the prognostic analysis.
 In conclusion, the present study reveals that the novel CRC 
grading system based on PDC counting would provide a greater 
number of patient valuable prognostic information and is feasi-
ble for CRCs with heterogeneous morphology. This grading sys-
tem deserves continued verification for acceptance as the opti-
mal and substitutable method of CRC tumor grading. The asso-
ciation between G3 tumors and MSI-H suggests that MSI may 
play a role in forming PDCs. However, we propose that this re-
sult should be further tested in a larger cohort with specific his-
tologic subtypes in order more clearly to understand the nature 
of PDCs.
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