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Colorectal cancer (CRC) remains a major public health burden worldwide, despite
increased knowledge on its pathogenesis and advances in therapy. We aimed to
evaluate a new histological grading system based on poorly differentiated clusters (PDCs) counting – the PDCs grade (PDCs-G), and its clinicopathological
and prognostic significance, compared to the World Health Organisation (WHO)
grading system (WHO grade).
We reviewed 71 surgical resection specimens for CRC from the Emergency County
Hospital “Pius Brînzeu” Timisoara. The cases were graded using the WHO grade
and the PDCs-G, with further analysis of their association with the other recognised
prognostic parameters.
Using the WHO grade, 9% of the analysed cases were G1, 80% G2, 11% G3,
and none of the tumours was graded G4, while in the PDCs-G 16% were G1,
45% G2, and 39% G3. In multivariate analysis PDCs-G was significantly associated with the American Joint Committee on Cancer stage of the disease (AJCC
stage) (p = 0.0003), depth of invasion (pT) (p = 0.0084), nodal status (LNM)
(p < 0.0001), lymphovascular invasion (LVI) (p < 0.0001), perineural invasion
(PNI) (p < 0.0052), and tumour border configuration (p < 0.0001).
The novel grading system based on PDCs counting is an additional histological tool
in the evaluation of CRC and a promising new prognostic factor for these patients.
Key words: colorectal carcinoma, WHO tumour grade, poorly differentiated clusters, prognostic.

Introduction
Colorectal carcinoma (CRC) is one of the most
prevalent cancers worldwide, statistically ranked
as the third most common malignancy in males,
the second most common in females, and the fourth
among all cancer-related deaths [1]. Colorectal carcinoma appears to be on an ascending slope regarding its incidence, with high rates of morbidity and

mortality, although much progress has been made in
early detection, identification of prognostic markers,
and therapeutic management [2].
The American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control
(UICC) tumour staging system (TNM), based on
the evaluation of local extension of the tumour, nodal
status, and distant metastases, represents the fundamental standard for predicting the evolution, and for
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guiding the therapy of CRC [3, 4]. Different clinicopathological factors such as the depth of tumour invasion (pT), the degree of tumour differentiation (G),
the status of resection margin, the presence/absence
of lymphovascular (LVI) and perineural invasion
(PNI), the lymph node status including the presence
of nodal micrometastases, tumour border configuration, and tumour budding (TB) are useful criteria
for stratifying CRC patients [5, 6]. However, an appreciable variability in clinical outcome for the CRC
patients with the same disease stage was reported
in several studies [7, 8]. Therefore, additional parameters are required to predict the outcome and to
identify patient subgroups for which personalised approaches to therapy could be helpful.
In addition to the TNM stage, the histological grade is an important prognostic parameter in
CRC [5, 6]. Unfortunately, there is significant inter-observer variability in grading CRC, incurred
by the use of several grading systems and the lack
of explicit diagnostic criteria and rule-based classifications [8]. According to the WHO criteria, based on
the quantification of glandular structures (percentage
method), CRCs are graded as well-differentiated (G1),
moderately differentiated (G2), poorly differentiated
(G3) adenocarcinomas, and undifferentiated carcinomas (G4) [6, 7, 8]. Although this method is widely
used, this grading system is subjective because it is
difficult to appreciate the formation of glands [9, 10,
11, 12]. In addition, controversies persist regarding
which factor is to be primarily considered – the least
differentiated area (highest grade) or overall impression (the predominant grade) [13, 14]. Furthermore,
there are some histological subtypes, like mucinous,
signet-ring cells, or micropapillary carcinomas, for
which the tumour grade has an uncertain prognostic value [10, 11, 12, 13]. Nonetheless, medullary
carcinoma must be recognised and not graded [10].
According to the WHO 2010 classification of tumours of the digestive system, the assessment based
on glandular differentiation of CRC applies only to
“adenocarcinoma, NOS” (NOS – not otherwise specified) excluding the special variants [6]. Consequently, the utility of this system is questionable.
A new grading system for CRC, based on the number of poorly differentiated clusters (PDCs), was introduced in 2012 by Ueno et al. [15]. According to
Ueno’s definition, PDCs are groups of five or more
cancer cells, with no gland formation, quantifiable
in their highest density area (hotspot), at the invasion front of the tumour [15]. PDCs-G promises to
be a more reliable and accurate system of grading
compared to the WHO grade, the lymphovascular
invasion, or the tumour border configuration, to predict the metastatic potential of CRC [7, 8, 9, 11, 12,
15, 16]. This new grading system seems to provide
prognostic information as well as many advantages
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regarding reproducibility. Being a fairly recently described histological tool for the evaluation of CRC,
it requires further validation and standardisation [9,
11, 15, 16, 17, 18].
We aimed to compare the two grading systems
(WHO grade and PDCs-G) for CRC and to correlate
them with other clinicopathological parameters, in
order to evaluate and demonstrate the feasibility
of PDCs-G, and its potential value as a prognostic
factor in CRC.

Material and methods
This study represents a retrospective analysis of a group of 50 consecutive surgical resection
specimens from patients with CRC, diagnosed in
2014, and 21 cases of robotic surgery CRC specimens (da Vinci Xi® Surgical System), diagnosed between 07/2015 and 07/2016 in the II Surgery Clinic
of the Emergency County Hospital “Pius Brînzeu”
Timisoara, Romania.
All the data were collected from the patients’ records of histopathological results registered in the Pathology Department database. Carcinomas treated
by chemotherapy or radiotherapy before surgeries
were excluded.
The surgical specimens were processed according
to the standard histopathological protocols. Briefly,
the tumour sections, previously fixed in 10% buffered formalin and embedded in paraffin, were cut
at 3-5 microns thickness and subsequently stained
with haematoxylin and eosin (HE). For each case,
we selected one representative slide that included
the deepest tumour infiltration into the intestinal
wall, being at the same time part of the invasion front
of the tumour.
The following parameters were collected and analysed: patient’s gender, age, site of the tumour,
histological type, histological grade, pT parameter,
lymphovascular invasion (LVI), perineural invasion
(PNI), tumour border configuration, peritumoral
inflammatory infiltrate (TILs), tumour necrosis, tumour ulceration, lymph nodes metastases (LNM),
clinically documented distant metastases (cM), and
the stage of the disease (AJCC stage).
The patients were distributed into the following age groups: 41-50, 51-60, 61-70, 71-80,
and 81-90 years. We evaluated two subgroups of
age < 65 years and ≥ 65 years. A different analysis
was performed with respect to the site of the tumour:
right-sided (caecum, ascending, and proximal transverse colon), left-sided tumours (the distal transverse,
descending, sigmoid colon), and the rectum (rectosigmoidian junction and rectum).
We assessed the tumours, according to the WHO
2010 classification, as conventional adenocarcinomas
(NOS) and as mucinous adenocarcinomas when more
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than 50% of the tumour mass was composed of pools
of extracellular mucin. The tumours containing mucinous areas of less than 50% are classified as having
a mucinous component [6].
The pT parameter was established according to
the eighth edition of the AJCC Cancer Staging Manual [4]. The cases were further classified into early
invasive (pT1-2) and deeply invasive (pT3-4), to differentiate the incipient from the advanced tumour
extension into the intestinal wall.
The histological grade of CRC was assessed for conventional adenocarcinomas, according to the WHO
2010 classification, based on the extent of glandular
appearance: G1 – well differentiated (> 95% gland
formation), G2 – moderately differentiated (50-95%
gland formation), G3 – poorly differentiated (0-49%
gland formation), and G4 – undifferentiated carcinomas (no gland formation or mucin, no squamous or
neuroendocrine differentiation) [6].
Each case of conventional adenocarcinomas was
further evaluated by applying the new histological
grading system (PDCs-G), based on PDCs counting,
according to Ueno’s method [15]. In brief, our PDCs
study protocol comprised several steps. All the representative slides (one slide/case), containing the deepest part of the tumour, were scanned on a Leica Aperio AT2 machine. The slides were examined at low
magnification (4×) in order to identify the area with
the highest density of PDCs along the invasion front.
This area was considered as the hotspot and was further
evaluated at an intermediate power objective (20×),
with a field size of 0.785 mm2. We classified the CRC
cases in a three-tier system: tumours with < 5 PDCs
(PDCs-G1), 5 to 9 PDCs (PDCs-G2), and ≥ 10 clusters of PDCs (PDCs-G3) in the analysed area. For
the cases of mucinous adenocarcinomas, we did not
perform the WHO grade or the PDCs-G.
We quantified the lymphocytic infiltrate at the invasion front of the tumour and classified the cases in
a two-tier system: TILs- for absent or minimal ≤ 5%
lymphocytes per high-powered field and TILs+ for
the cases with an increased number of inflammatory
cells at the invasive margin, forming a band-like infiltrate (with the destruction of adjacent cancer cell
groups). We also evaluated the tumour necrosis, due
to the rapid growth of the tumour and consecutive
hypoxia, as absent (< 10% of tumour mass) or present (≥ 10% of tumour mass). The presence of ulceration in the tumour surface and the perineural invasion (PNI) were parameters also quantified as absent/
present. The pattern of tumour invasion, the tumour
border configuration, was considered as pushing type
when we noticed a smooth expanding border, or as
infiltrating type when an irregular pattern of growth
was observed. For the cases with both characteristics,
we considered the predominant component and we
classified them accordingly.

Statistical analysis
The collected parameters were statistically analysed using Graph Pad Prism v8 and IBM SPSS v25
software. We used the χ2 test to compare the two
grading systems with the other clinicopathological
factors. The resulting p-value was considered of statistical significance if it was lower than 0.05 (Table I).
Spearman’s correlation coefficient (Rs) was used to
highlight the associations between the analysed parameters.
Ethics statements
All the procedures included in this study were carried out according to the principles of the Declaration of Helsinki of good clinical practice. Each patient
signed an informed consent form, allowing the use
of the tissue fragments in scientific studies.

Results
The study group included 27 females (38%) and
44 males (62%), aged between 42 and 85 years at initial diagnosis, with a mean age of 66.47 years. Thirty
(42%) CRC cases were patients < 65 years old and
41 (58%) were patients ≥ 65 years old. We noticed
the highest incidence of CRC in the seventh decade
of life in men 17/44 (39%). In women, the highest
incidence was noted in the seventh and in the eighth
decades of life 9/27 (33.5%).
Tumours were located in the caecum in five patients (7%), in the ascending colon and the hepatic flexure in seven (10%), in the transverse colon in
three (4%), at the splenic flexure and in the descending colon in two (3%), in the sigmoid colon in 21
(30%), at the rectosigmoid junction in 13 (18%), and
in the rectum in 20 patients (28%). According to our
definition related to the tumour site, in 15 (21%) cases the right colon was involved, 23 (32%) cases were
left-sided colon cancers, and 33 (47%) adenocarcinomas were identified in the rectum or in the rectosigmoid junction.
Tumour necrosis was present in 47 cases (66%)
and tumour ulceration in 61 (86%) cases. The analysis of the tumour border configuration showed that
26/71 (37%) cases were pushing type and 45/71
(63%) cases were infiltrative type.
Regarding the depth of tumour invasion into
the intestinal wall (pT), three (4%) cases were pT1,
eight (11%) cases pT2, 38 (54%) cases pT3, and 22
(31%) cases pT4. According to our classification,
11 (15%) cases were early invasive (pT1-2), and
60 (85%) cases were deeply invasive (pT3-4) tumours. 34/71 (48%) patients presented lymph node
metastases (LNM+) and 6/71 (8%) patients presented distant metastases (M+). The cases were staged
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Table I. The statistical correlations between the clinicopathological parameters and the WHO grade vs. PDCs investigated through the χ2 test and the Spearman’s correlation coefficient
Parameters

WHO grade
G1

G2

G3

6

55

8

Male

3

32

7

Female

3

23

1

< 65

3

21

3

≥ 65

3

34

5

Right colon

0

11

2

Left colon

1

21

Rectum

5

P

Rs

value

value

PDCs grade

P value

PDCs-G1

PDCs-G2

PDCs-G3

11

31

27

9

16

17

2

15

10

4

15

8

7

16

19

1

6

6

1

1

13

9

23

5

9

12

12

Rs
value

Total CRC cases
69
Gender
0.2409 –0.185

0.2027

0.052

0.3373

0.07

0.1579

–0.165

0.0084

0.372

< 0.0001

0.526

0.284

0.191

0.0003

0.570

< 0.0001

0.509

0.0052

0.386

0.4982

–0.141

0.4281

0.156

0.5293

0.132

Age (years)
0.849

0.097

Site of tumour
0.2296 –0.095

Depth of invasion
pT1-2

4

7

0

pT3-4

2

48

8

LNM–

5

30

1

LNM+

1

25

7

M–

6

50

7

M+

0

5

1

0.0012

0.377

4

7

0

7

24

27

9

22

5

2

9

22

11

29

23

0

2

4

Nodal status
0.0235

0.326

Distant metastases
0.6949

0.094

AJCC stage
I

4

6

0

4

6

0

II

1

25

1

0.0028

0.397

5

17

5

III

1

20

6

2

7

18

IV

0

4

1

0

1

4

10

24

8

1

7

19

10

24

12

1

7

15

1

4

6

10

27

21

5

12

7

6

19

20

2

5

2

9

26

25

Lymphovascular invasion
LVI–

5

36

1

LVI+

1

19

7

PNI–

5

39

2

PNI+

1

16

6

0.0082

0.347

Perineural invasion
0.0242

0.298

Lymphocytic infiltration
TILs–

1

8

2

TILs+

5

47

6

absent

3

19

2

present

3

36

6

absent

2

5

2

present

4

50

6

0.7512 –0.061

Tumour necrosis
0.6215

0.114

Tumour ulceration
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Table I. Cont.
Parameters

WHO grade
G1

G2

P

Rs

G3

value

value

PDCs grade

P value

PDCs-G1

PDCs-G2

PDCs-G3

0.0062

0.382

10

16

0

1

15

27

Rs
value

Tumour border configuration
Pushing

5

21

0

Infiltrating

1

34

8

A

D

B

E

C

F

< 0.0001

0.683

Fig. 1. A) WHO grade 1 CRC, HE×100. B) WHO grade 2 CRC, HE×100. C) WHO grade 1 CRC, HE×100.
D) PDCs-G1 CRC, HE×100. E) PDCs-G2 CRC, HE×100. F) PDCs-G3 CRC, HE×100

as follows: 10 (14%) stage I, 28 (39.5%) stage II, 28
(39.5%) stage III, and 5 (7%) stage IV.
With respect to the peritumoral lymphocytic infiltrate, 60 (85%) cases were TILs+. Lymphovascular
invasion (LVI+) was observed in 28/71 (39%) cases,
and 23/71 (32%) patients presented perineural invasion (PNI+). We found that all the 23 cases with
perineural invasion belonged to the pT3-4 group, and
19 (83%) of the cases presenting perineural invasion
were also LVI+ and LNM+. Moreover, all of the 28
LVI+ cases were classified as pT3-4, LNM+, and
27/28 (96%) of the LVI+ cases presented also infiltrating type tumour borders configuration.

Histologically, 69/71 (97%) cases were diagnosed
as NOS adenocarcinomas and 2/71 (3%) as mucinous
adenocarcinomas. Sixteen (23%) out of the 69 cases
of conventional adenocarcinomas presented mucinous differentiation in less than 50% of the tumour
mass.
Using a histological grading system (WHO grade)
for the evaluation of the 69 cases of conventional adenocarcinomas, we found six (9%) well differentiated
tumours (G1) (Fig. 1A), 55 (80%) moderately differentiated tumours (G2) (Fig. 1B), and eight (11%)
poorly differentiated (G3) adenocarcinomas (Fig. 1C).
Based on PDCs-G3 system, 11/69 cases (16%) were
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Fig. 2. Correlation between the clinicopathological parameters and the WHO grade
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Fig. 3. Correlation between the clinicopathological parameters and the PDCs-G
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PDCs-G1 (Fig. 1D), 31/69 (45%) PDCs-G2 (Fig. 1E),
and 27/69 (39%) PDCs-G3 (Fig. 1F). For the two
cases of mucinous adenocarcinomas, we did not perform the WHO grade or the PDCs-G.
Statistical analysis of the correlations between
the clinicopathological parameters and the WHO
grade showed significant p-value correlations with
the pT, LNM, AJCC stage, LVI, PNI, and tumour
border configuration parameters and did not significantly correlate with the others analysed parameters (Table I, Fig. 2). In multivariate analysis,
PDCs-G showed a more significant association with
LNM (p < 0.0001), AJCC stage (p = 0.0003), LVI
(p < 0.0001), PNI (p = 0.0052), and tumour border
configuration (p < 0.0001) (Table I, Fig. 3).

Discussion
The degree of tumour differentiation (the grade
of the tumour) is an important prognostic factor for
many malignant proliferations and should be included in the pathological report. Similarly, for CRC,
the tumour grade is consistently reported and recognised as one of the most important parameters
correlated with CRC aggressiveness [6]. However,
there is no consensus on grading methodology, with
different systems based on two-, three-, or four-tiered
classification. Thus, the need for a single grading
method is still present; one that is widely accepted as
a standard for the classification of the malignant epithelial tumours of the colon [10, 13, 15, 16, 19, 20].
Over the years, a variety of grading schemes have
proven to be questionable in practice, due to their
lack of clear and well-established criteria for evaluation. Therefore, architecture, glandular formation,
cytological criteria, a single microscopic feature, or
a large number of characteristics have been considered, and the evaluation method varies widely in general practice [21, 22, 23, 24].
However, the most commonly used method for
grading CRC is based on the percentage of the tumour showing glandular or tubular formation (the
architectural model). According to the WHO 2010
classification of tumours of the digestive system [6],
the four-tier histologic grading system is used for
grading CRCs: gland-like structures > 95% of the tumour (Grade 1), between 50-95% (Grade 2), and
between 0-49% of the tumour (Grade 3). Grade 4,
undifferentiated carcinoma, is considered a diagnosis
of exclusion for carcinomatous proliferations, with
no evidence of differentiation (glandular, mucinous,
squamous, neuroendocrine, or sarcomatoid) [5, 6, 10,
25] but with epithelial differentiation proven by immunohistochemistry (IHC) staining [9].
In addition, to eliminate discordances between
the three- and four-class systems, and to mitigate
the inter-observer variation in grading of the well

differentiated and moderately differentiated adenocarcinomas, the third edition of WHO classification
recommended a two-tiered system [24]. This revised
classification is based on evidence that some similarities exist in the evolution of patients with well and
moderately differentiated adenocarcinomas [5, 10].
Thus, low-grade CRC is established when > 50%
of the tumour forms gland-like structures (grades 1
and 2), and high-grade (CRC) when < 50%
of the tumour presents glandular structures (grades 3
and 4) [6]. Again, a significant inter-observer variation and a decline in the prognostic importance
of the WHO grade were noted [7, 8].
In their study, Kuijpers et al. [26] reported a significant inter-laboratory and intra-laboratory variation in CRC assessment, regarding the grade, with
consequential high impact on the patient’s treatment. Furthermore, in the pathologists’ methodology, several guidelines and/or books are used as references, and the guidelines are not consistent regarding
the area that should be graded: the predominant
grade or the area of the poorest differentiated component. Another source of variability is the evaluation of the heterogeneous tumours. In this situation,
grading should be performed taking into account
the least differentiated component, not considering
the invasive front, where tumours generally present
the worst pattern [5, 6, 10, 19, 24, 25]. Moreover,
when the least differentiated component is analysed,
the extension of the area to be considered is not yet
defined, thus increasing the amount of the observer
bias [25, 27, 28].
Considering the above-mentioned controversies,
better standardisation of the grading criteria is surely
needed. Recently, Ueno et al. [15] introduced a new
grading system for CRC, based on PDCs counting
(PDCs-G), which seems to reduce the inter-observer
variability and to correlate better with CRC patients
prognosis. Using this new grading system, Barresi
et al. [9, 11, 17, 18] confirm and strengthen the idea
that PDCs-G guarantees a less biased interpretation, being a more informative parameter regarding
the outcome of CRC patients, compared to the conventional histological grading system (WHO grade)
or even the TNM stage.
In addition, PDCs-G can be evaluated on HEstained slides without using IHC, thus making them
easier to evaluate as well as cheaper [29]. In contrast to
the PDCs evaluation, for the accurate assessment of other significant morphological prognostic factors, such
as lymphovascular invasion (LVI), tumour budding
(TB), nodal micrometastases, or host response against
tumour growth (tumour inflammatory infiltrate),
IHC stains or multilevel cuts are required, thus being time-consuming and limiting their utility in daily
practice [25, 27, 28].
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In this study, using only HE-stained slides, we assessed the conventional adenocarcinomas according
to the WHO grade, on one hand, and to the new
grading system based on PDCs counting, on the other. We found poor concordance between the two
systems of grading. By WHO grade, we noticed
that most tumours, 55 cases (80%), were classified
as moderately differentiated adenocarcinomas (G2),
six cases (9%) as well differentiated CRC (G1), eight
cases (11%) as poorly differentiated CRC (G3), and
none of the identified cases was graded G4. After
the reclassification based on the new grading scheme,
we noticed a more uniform distribution of the cases:
11 cases (16%) PDCs-G1, 31 cases (45%) PDCs-G2,
and 27 cases (39%) PDCs-G3.
Our results show that PDCs-G presented more
important correlations with other clinicopathological
parameters, as compared to WHO grade, with evidence that the PDCs-G represents an independent
prognostic indicator in CRC patients, associated with
other unfavourable parameters such as advanced
stages of the disease, LNM+, LVI+, PNI+, and infiltrative tumour border configuration.
Among the morphological factors investigated
lately, in terms of potential value for the improvement of the diagnosis of CRC, there is also TB. Although PDCs and TB present similar morphology,
they are two different entities [17]. PDCs must be
distinguished from TB, which is defined as a single
isolated malignant cell or a small group of fewer than
five cells [17, 18, 27, 28]. TB is classified as intratumoural when identified within the tumour stroma, and peritumoral when seen at the invasion front
of a tumour [27, 29]. The International Tumour
Budding Consensus Conference (ITBCC) established
that TB is a prognostic factor that is necessary in
the histopathological report [30]. Tumour budding
as an aggressiveness marker has been associated
with poor outcomes in CRC patients [31, 32, 33].
Based on their similar morphology, on the presence of TB and PDCs in the same tumour, and on
the evidence of epithelial-to-mesenchymal transition (EMT) in both, it was suggested that PDCs are
the possible result of the sequential transformation
of TB [27, 29, 31, 32]. TB are difficult to identify
on HE-stained slides when a dense inflammatory infiltrate is present in the peritumoral stroma, which
could hide the buds, or when reactive mesenchymal
cells and peritumoral desmoplastic tissue surrounds
isolated cancer cells [28, 29, 31]. Therefore, the use
of immunostains (CK) is mandatory for their correct
identification in these situations [29, 34, 35, 36].
By contrast, the identification of PDCs does not require the use of immunostaining, PDCs being larger groups of cells, more easily recognisable on HEstained slides [11, 15, 16, 17, 18, 28].
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The presence of PDCs is fairly well correlated with
the depth of invasion in the submucosa in early invasive CRC (pT1), particularly when the sub-mucosal
invasion is more than 1 mm [7, 11, 37]. Moreover,
the PDCs-G has proven to be a strong parameter for stratifying the risk of LNM in early invasive
CRC [7, 37]. The prediction of lymph node involvement was more important in the PDCs grading system compared to conventional grading, and this was
highlighted in several studies [9, 17, 18, 28, 37, 38,
39]. In a study on 3243 cases of CRC, Ueno et al.
showed that the incidence of LNM is higher in PDCspositive tumours compared with PDCs-negative
tumours [16]. The most significant risk factors for
the presence of LNM mentioned in the literature are
the LVI, followed by PDCs-G [9, 11, 16].
Although it would be very useful, few published
studies have focused on the PDC grading system
on preoperative biopsies [40, 41]. However, it has
been shown that the numbers of PDCs on preoperative biopsies are directly correlated with LNM and
the depth of tumour invasion when the pathologic
stage was established on the whole surgical resection
specimen [40]. In addition, high numbers of PDCs
in preoperative biopsy specimens are correlated with
other parameters associated with an unfavourable
outcome in resection specimens, like the configuration of tumour borders, lymphovascular invasion,
and TB [41]. The inter observer agreement in the assessment of PDCs-G on biopsy is higher than using
the conventional grading system [41]. However,
PDCs assessment is more difficult in preoperative biopsies due to the difficulties of PDCs evaluation in
the presence of ulceration, necrosis, inflammation,
high tissue fragmentation, and tangentially sectioned
glands [29, 37]. In addition, the number of PDCs on
biopsies could be underestimated because samples are
taken from the superficial part of the tumour, which
does not contain the invasion front, where PDCs are
more numerous [40, 41].
A possible shortcoming of PDCs-G is represented by the unclear definition of the PDCs in mucinous adenocarcinomas. In this study, we identified
two cases that were mucinous adenocarcinomas,
and another 16 cases that presented a mucinous
component. Due to the divergences in grading
the mucinous adenocarcinoma of the colon, we did
not classify our cases with any of the two grading
systems (WHO grade and PDCs-G). The histological grading of mucinous adenocarcinomas is still
an unresolved problem. In the WHO 2000 classification of tumours of the digestive system, mucinous
adenocarcinomas, by convention, were considered
poorly differentiated (G3) tumours. According to
the WHO 2010 criteria, mucinous adenocarcinomas
should not be graded; for such cases, microsatellite
instability status is more relevant as a prognostic
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factor, with evidence that many mucinous adenocarcinomas which were MSI-H behaved as low-grade
lesions [6]. Importantly, PDCs-G could be assessed
in this type of carcinoma only if the PDCs are identified in the areas with minimal extracellular mucin, at
the invasive front of the tumour [9, 42, 43, 44, 45].
This problem of grading mucinous adenocarcinomas using PDCs-G occurs because there is no clear
definition for clusters in the presence of mucin in
the initial paper [15], which proposed this classification system for CRC.
The major problem for adequate grading using
PDCs counting is the distinction of PDCs from tangentially cut glands or fragmented tumour glands
within necrosis and the identification of PDCs when
the inflammatory infiltrate surrounds the glands [29,
46, 47]. These circumstances determine discordances
in PDCs counting and increase the variation in PDCs
assessment [48], but the criteria for PDCs identification would be their marked cytological atypia as
compared to normal glands. Another source of error in PDCs assessment is the presence of mucin
secretion, which could be misinterpreted as glandular lumina and, as a consequence, the clusters
in the assessed area would not be counted [9, 11].
On the other hand, the clusters could be erroneously interpreted as intravascular tumour emboli, when there are clear spaces surround them, or
vice-versa [9]. To differentiate the intravascular
emboli from PDCs, it is necessary to perform IHC
staining (CD31, CD34, D2-40) [35, 36, 45, 46].
Similar issues are found in the micropapillary variant of CRC, as a result of reversed cell polarity
of the cancer cells, which present secretory activity
at the cluster-stroma interface [49, 50, 51]. Barresi
et al. [51] considered that the micropapillary pattern
and PDCs may represent the same phenomenon in
CRC. To strengthen this hypothesis, they demonstrated a reversed pattern of MUC1 expression in
PDCs, similar to the micropapillary CRC.

Study limitations
The study was performed on a small number of cases,
and we do not have enough follow-up data on the patients. A greater number of cases would bring confirmation of our results and their follow-up would favour
the identification of possible correlations with shortand long-term survival outcomes.

Conclusions
We have shown that tumour grading based on
poorly differentiated clusters counting (PDCs-G)
significantly correlates with clinicomorphological parameters with known unfavourable prognostic value,
especially with the depth of tumour invasion (pT3-4),

advanced stages of the disease, nodal metastases
(LNM), lymphatic vessel invasion (LVI), perineural invasion (PNI), and infiltrative tumour border configuration. We clearly showed that the novel grading system
of CRC, based on PDCs counting, represents an independent predictor for LVI and LNM positivity, factors
known to be associated with poor prognosis.
PDCs-G may be considered, along with other clinicopathological parameters, a promising prognostic
factor for the management of patients with CRC and
should be included in pathological reports, but it still
needs standardisation and further validation.
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