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Background: The crosstalk between cancer cells and stroma is involved in the acquired capability for metastasis through the
induction of epithelial-mesenchymal transition (EMT). We aimed to clarify the prognostic value of the histological category of
EMT in colorectal cancer (CRC).

Methods: Tumour EMT was graded into one of three histological categories on the basis of integrated assessment of poorly
differentiated clusters and pro-EMT desmoplasia at the leading edge of the primary tumour (Histology®™). Stage Il and Ill CRC
patients (cohort 1, N=500) and stage IV patients (cohort 2, N=196) were retrospectively analysed.

Results: In cohort 1, patients were stratified into three groups with widely different disease-free survival rates (95%, 83% and 39%)
on the basis of Histology®™T (P<0.0001). In cohort 2, Histology™T significantly stratified overall survival of patients irrespective of
metasectomy. Multivariate analyses indicated that Histology™" had a strong prognostic impact independent of staging factors.
Statistically, Histology™ had a better prognostic stratification power than T and N stages; however, in cohort 2, the power of M
substage was superior.

Conclusions: A histological model to categorise EMT by integrated assessment of dedifferentiation and desmoplastic

environment is a potent prognostic index independent of staging factors.

Staging and grading of tumours provides an accurate description of
different tumour types, thereby contributing to the prognosis of
patients with malignant tumours (Thiery, 2002). The stage
describes the extent of spread of a tumour as local or distant from
the primary site, whereas the grade is a number reflecting the
morphology and proliferative capacity of the primary tumour. At
present, the pathological stage is believed to represent the most
important prognostic factor for colorectal cancer (CRC) patients
(Wolpin and Mayer, 2008). Historically, cancer staging and
treatment planning was based solely on the anatomic extent of
the cancer (Edge and Compton, 2010), as is reflected in current
international ~ guidelines (National Comprehensive Cancer
Network, 2014). However, the rapidly increasing specific knowl-
edge of cancer biology could establish a new methodology
for grading tumours that provides prognostic information

independent of tumour stage, which must be incorporated into
cancer prognostic models (Edge and Compton, 2010).

A developmental regulatory programme, referred to as
epithelial-mesenchymal transition (EMT), has become promi-
nently implicated as a means by which transformed epithelial cells
can acquire the ability to invade and disseminate (Hanahan and
Weinberg, 2011). It is widely believed that in human CRC, a loss of
differentiation is induced under the EMT programme at the
tumour-host interface, enabling cellular detachment, dissemina-
tion and eventually metastasis (Brabletz et al, 2005; Karagiannis
et al, 2012). The degree of tumour differentiation has long been
employed in CRCs for grading tumours (Sobin et al, 2009);
however, this does not necessarily assess EMT, which requires a
methodology for characterising the morphological heterogeneity at
the leading edge of a tumour. In this respect, one of the most

*Correspondence: Dr H Ueno; E-mail: ueno@ndmc.ac.jp

Received 6 April 2014; revised 3 August 2014; accepted 25 August 2014; published online 23 September 2014

© 2014 Cancer Research UK. All rights reserved 0007 — 0920/14

2082

www.bjcancer.com | DOI:10.1038/bjc.2014.509


mailto:ueno@ndmc.ac.jp
http://www.bjcancer.com

Histological categorisation of EMT status in CRC

BRITISH JOURNAL OF CANCER

promising methods for assessing dedifferentiation and the
migratory phenotype of a tumour is to quantify poorly differ-
entiated clusters (PDCs). This method is expected to be less
subjective and more informative for prognostic evaluation than
conventional tumour grading (Ueno et al, 2012, 2014).

Recent findings highlight that paracrine signalling between
tumour and host cells in the cancer microenvironment has a
critical role in determining EMT (McAllister and Weinberg, 2010).
In the cancer microenvironment, cancer-associated fibroblasts
(CAFs) have a central role in mediating EMT of carcinoma cells
(Kalluri and Zeisberg, 2006; Karagiannis et al, 2012), thereby
facilitating the progression of carcinoma cells towards a dediffer-
entiated and more malignant state in a direct or indirect manner
through extracellular matrix (ECM) remodelling (Figure 1).
Desmoplastic reaction (DR) represents the histological result of
ECM remodelling generated by CAFs. Desmoplastic reaction is
morphologically categorised on the basis of the presence of specific
types of ECM components, such as keloid-like collagen and
myxoid stroma, which are histological features closely related to
the function of CAFs in the desmoplastic microenvironment in
CRC (Ueno et al, 2002, 2004).

Grading of tumours by histologically characterising the local
environment associated with the EMT status has rarely been
reported. On the basis of our recent knowledge of cancer biology,
comprehensive assessment of the tumour dedifferentiation
phenotype and desmoplastic environment may be a useful
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Figure 1. Schema of histological alteration at the desmoplastic
invasive front of colorectal cancer associated with epithelial-
mesenchymal transition. Increasing evidence suggests that heterotypic
interactions of cancer cells with adjacent tumour-associated stroma
cells can induce expression of malignant cell phenotypes. Recent basic
oncology studies have demonstrated that CAFs have a major role in
modulating the metastatic capacity of most cancers and determine the
oncological outcome of tumours directly and indirectly in the process
of DR through the formation of various ECM types, which cause EMT
signals to induce tumour cells into a dedifferentiated phenotype. In the
present study, PDCs and ECMs, such as keloid-like collagen and
myxoid stroma, were comprehensively assessed as representing the
microenvironment associated with the EMT status. Abbreviations:
CAFs = cancer-associated fibroblasts; DR = desmoplastic reaction;
ECM = extracellular matrix; EMT = epithelial-mesenchymal transition.

approach to evaluate an individual tumour’s EMT potential. In
the present study, we attempted to histologically categorise
tumours on the basis of PDCs and DR at the leading edge of the
primary tumour (Histology™™) on the premise that Histology™™"
represents the potential of induction of EMT in CRC. Our main
objective was to investigate whether Histology™™" can become a
new grading method leading to a prognostic evaluation system
independent of tumour staging.

PATIENTS AND METHODS

Patients

Cohort 1. A total of 500 consecutive patients with stage II or III
CRC who had undergone curative intent surgery between 2000 and
2005 were enrolled; patents with T1 CRC were excluded. The
median age of the patients was 66 years (range, 18-96); 280 and
220 tumours were resected from male and female patients,
respectively. No patient received preoperative adjuvant therapy.
Regarding postoperative adjuvant chemotherapy, 245 patients
received chemotherapy, 96 received 5-FU/LV, 56 received UFT/
LV and 93 received oral anticancer drugs such as UFT, 5-DFUR,
HCFU or 5-FU. No adjuvant therapy was administered to 247
patients, and detailed information regarding postoperative adju-
vant therapy could not be obtained for 8 patients. The median
follow-up period of 378 survivors was 68 months.

Cohort 2. In cohort 2, 196 consecutive patients with stage IV CRC
who underwent surgery for their primary tumours between 1997
and 2007 were included. This cohort comprised 64 patients with
resectable distant metastasis and 132 patients with unresectable
diseases. The median age of the patients was 65 years (range, 34-91
years) and 122 patients (62.2%) were male. The most frequent
pattern of distant metastasis was liver only (89), followed by lymph
node only (18), liver and lungs (17), peritoneal dissemination (15),
liver and peritoneal dissemination (13) and lungs only (9).

In the resectable stage IV group, 39 patients received post-
operative adjuvant chemotherapy [UFT/LV (21), 5-FU/LV (8),
CPT-11 (4), intrahepatic artery 5-FU infusion (3), oral anticancer
drugs (3)], and no adjuvant therapy was administered to 25
patients. During the study period, oxaliplatin was not approved for
administration as an adjuvant in Japan; it was first approved to be
administered for unresectable CRC patients in 2005. In this study,
16 patients (13.6%) in the unresectable group received chemother-
apy with a FOLFOX regimen. The median follow-up period of
24 survivors was 77 months. Detailed prognostic information,
including the day of death, was obtained for 122 patients (92.4%).

Histological assessments. With regard to conventional histo-
pathological factors including pT, pN, tumour grade and lymphatic
and venous invasion, pathological diagnoses made in routine
practice and recorded in pathological reports were used for
analysis. Lymphatic and venous invasion had been diagnosed with
a four-grade system (none, mild, moderate and severe) (Japanese
Society for Cancer of the Colon and Rectum, 2009). In the present
study, none and mild degrees were treated as low grade and
moderate and severe degrees were treated as high grade.

One of the authors (HU) pathologically reviewed primary
tumours to evaluate PDCs and DR with no prior knowledge of the
patients’ clinical outcomes. Haematoxylin-eosin (HE)-stained glass
slides prepared from a single longitudinal section of the whole
tumour, including its deepest part, were microscopically scanned to
identify the area to be assessed for PDCs and DR. Each parameter
was evaluated according to the below-mentioned criteria.

Poorly differentiated clusters. Poorly differentiated clusters were
defined as cancer cell clusters comprising > five cancer cells
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infiltrating the stroma and lacking gland formation (Figure 2; Ueno
et al, 2012, 2014). After selecting one field where PDCs were the
most intensive, the number of clusters was counted under a 20 x
objective lens and the grade was determined on the basis of the
number of clusters present. Tumours with <5, 5-9 or >10
clusters were classified as G1, G2 or G3, respectively.

Desmoplastic reaction. Desmoplastic reaction was histologically
classified into one of three categories (mature, intermediate and
immature) on the basis of the existence of keloid-like collagen and
myxoid stroma in the reactive fibrous zone at the advancing edge
of the tumour (Figure 2; Ueno et al, 2004). Keloid-like collagen
consisted of broad bundles of hypocellular collagen with brightly
eosinophilic hyalinization, typically observed in a keloid (Ueno
et al, 2002). Myxoid stroma can be defined as an amorphous
stromal substance composed of an amphophilic or slightly
basophilic material that is usually intermingled with randomly
oriented keloid-like collagen.

Desmoplastic reaction was regarded as mature when fibrotic
stroma did not contain keloid-like collagen or myxoid stroma and
was composed of fine mature collagen fibres stratified into multiple

Figure 2. Poorly differentiated clusters (PDCs) and the categorisation
of desmoplastic reaction (DR) in colorectal cancer. (A) Poorly
differentiated clusters, which are cancer cell clusters located in the
stroma, comprising > five cancer cells and lacking gland formation.
(B) Mature DR denotes fibrotic stroma not accompanied by keloid-like
collagen and myxoid stroma, typically composed of fine collagen fibres
stratified into multilayers. (C) Keloid-like collagens, that is, broad bands
of collagen with brightly eosinophilic hyalinization, similar to those seen
in a keloid, appear around cancer nests at the invasive front
(intermediate DR). (D) Abundant amorphous extracellular matrix with
keloid-like collagen forms the component of myxoid stroma at the
leading edge of the tumour (immature DR). (All: 40 x objective lens,
haematoxylin-eosin).

layers. When keloid-like collagen was intermingled with mature
stroma, the fibrotic stroma was designated as undergoing
intermediate maturation. The stroma with myxoid changes was
regarded as immature stroma. In each case, the stroma was
classified according to the most immature stromal area.

Categorisation criteria for HistologyEMT. Using PDC and DR as
components, a three-tiered categorisation system (Histology™")
was established as a model to estimate the potential of EMT of a
tumour: category A included tumours with both G1 PDC and
mature-type stroma; category C included tumours with both G3
PDC and immature-type stroma; and category B indicated
tumours with other types of histology.

Statistical analyses. Survival rates were calculated by the Kaplan—
Meier method and comparisons were made by the log-rank test.
After categorisation, each clinical and pathological variable was
entered into Cox proportional hazards regression analysis to
determine which parameter had an independent effect on
postoperative survival. The associations among prognostic factors
and their associations with recurrence were analysed by ;> tests.
Prognostic stratification of prognostic parameters was evaluated by
the Akaike information criterion (AIC; Akaike, 1973). Akaike
information criterion was analysed using a Cox proportional
regression model to identify the parameter with the highest ability
for discrimination of survival outcomes. The optimum model, the
simplest effective model with the smallest information loss when
predicting the outcome, gives the lowest AIC value.

Statistical analyses were performed with SPSS Statistics 17.0
(SPSS, Inc., Chicago, IL, USA), Stata/SE 10 (StataCorp LP, College
Station, TX, USA) and StatView ver.5.0 (SAS Institute, Inc., Cary,
NC, USA).

RESULTS

Incidence of each category of Histology™". There was a
significant difference in the distribution of PDC grade and DR
categorisation between cohorts 1 and 2 (both P<0.0001).
However, both parameters were significantly associated with
overall survival (OS) in both cohorts (Table 1). Multivariate
analyses indicated independent prognostic impacts of PDC
and DR.

According to Histology™™", 128, 314 and 58 patients in cohort 1
and 8, 103, 85 patients in cohort 2 were classified as having
tumours of categories A, B and C, respectively. As shown in
Table 2, Histology™" was significantly associated with various
clinicopathological prognostic factors, including primary tumour
histology (tumour differentiation grade and lymphatic and venous
invasion) and T and N stages in cohort 1 (P<0.0001-0.002) and
lymphatic invasion, T and N stages and M substage (M1a/M1b) in
cohort 2 (P<0.0001-0.04).

Prognostic impact of Histology™™”

Cohort 1. Figure 3 shows the Kaplan-Meier estimates for disease-
free survival (DFS) and OS after surgery in patients stratified into
the three groups according to Histology™". The 5-year DFS rates
were 95.1% for category A, 82.8% for category B and 38.6% for
category C, respectively (Figure 3). Similarly, the 5-year OS rates
were highest for category A (91.1%), followed by categories B
(78.3%) and C (50.2%).

The incidence of recurrence in the liver was 1.6% for category A,
9.2% for category B and 20.7% for category C (P<0.0001).
Similarly, the incidence of recurrence in the lung was highest for
category C (27.6%), followed by category B (7.0%) and category A
(3.9%; P<0.0001). This trend was similar for recurrence in the
lymph node/local recurrence and peritoneum (both P<0.0001).
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Table 1. Prognostic impact of poorly differentiated clusters (PDCs) and desmoplastic reaction (DR) on overall survival

I Cox proportional hazards model !
Univariate Multivariate
Parameters Categories No of cases S-year OS (%) HR (95% Cl) ‘ P P
Cohort 1
PDC G1 156 90.1 Ref. <0.0001
G2 198 81.6 2.1 (1.2-3.6) 0.0090
G3 146 61.4 4.7 (2.8-8.0) <0.0001
DR Mature 248 88.8 Ref. 0.0015
Intermediate 170 73.3 2.3 (1.5-3.6) <0.0001
Immature 82 57.2 4.5 (2.8-7.1) <0.0001
Cohort 2
PDC G1 12 51.9 Ref. 0.0040
G2 42 29.2 1.3 (0.6-3.0) 0.5431
G3 142 8.5 2.8 (1.3-6.1) 0.0074
DR Mature 32 49.2 Ref. 0.0198
Intermediate 71 12.2 2.2 (1.3-3.6) 0.0040
Immature 93 7.2 2.8 (1.7-4.7) <0.0001
Abbreviations: Cl= confidence interval; DR = desmoplastic reaction; HR, hazard ratio; OS = overall survival; PDC = poorly differentiated cluster.

Table 2. Correlation between histological categorisation of the EMT status in the primary tumour (HistologyEMT) and other
prognostic factors
| Cohort 1 || Cohort 2 |
Histology®™" Histology®™T™
Parameters Category A | Category B | Category C P-value Category A | Category B | Category C P-value
Tumour 51.0 51.3 51.9 0.79307 66.5 57.0 58.1 0.52772
diameter (mm)
Tumour grade
G1 74 (35.2) 117 (55.7) 19 (9.0) 0.0011 4(9.3) 27 (62.8) 12 (27.9) 0.0973
G2 45 (18.2) 169 (68.4) 33(13.4) 3(2.5) 60 (50.0) 57 (47.5)
G3 9 (20.9) 28 (65.1) 6 (14.0) 13 16 (48.5) 16 (48.5)
Lymphatic invasion
Low-grade 120 (31.6) 233 (61.3) 27 (7.1) <0.0001 7 (8.8 51 (63.8) 22 (27.5) 0.0001
High-grade 8 (6.7) 81 (67.5) 31 (25.8) 10 52 (44.8 63 (54.3)
Venous invasion
Low-grade 107 (30.7) 211 (60.6) 30 (8.6) <0.0001 4(6.5) 36 (58.1) 22 (35.5) 0.2152
High-grade 21 (13.8) 103 (67.8) 28 (18.4) 43 67 (50.0 63 (47.0
T stage
T2 8 (30.8) 18 (69.2) 0 <0.0001 1(33.3) 2 (66.7) 0 <0.0001
T3 109 (29.5) 230 (62.3) 30(8.1) 5(5.4) 61 (66.3) 26 (28.3)
T4 11 (10.5) 66 (62.9) 28 (26.7) 2 (2.0) 40 (39.6) 59 (58.4
N stage
NO 91 (36.7) 141 (56.9) 16 (6.5) <0.0001 5(11.6) 27 (62.8) 11 (25.6) 0.0103
N1 31 (16.0) 132 (68.0) 31 (16.0) 2 (2.6) 40 (51.3) 36 (46.2)
N2 6(10.3) 41 (70.7) 11 (19.0) 1(1.3) 36 (48.0) 38 (50.7)
M substage
M1a — — — 7 (5.8) 69 (57.5) 44 (36.7) 0.0306
M1b 1(1.3) 34 (44.7) 41 (53.9)
Resectability of distant metastasis
Resectable — — — 34.7) 38 (59.4) 23 (35.9) 0.3435
Unresectable 5(3.8) 65 (49.2) 62 (47.0)
Serum CEA (ugl™") — — — 55.1 213.6 213.8 0.9825%
Abbreviations: CEA= carcinoembryonic antigen; Histology™'" = histological categorisation of EMT status based on poorly differentiated clusters and desmoplastic environment.
AKruskal-Wallis test.

Cohort 2. According to Histology™™", the 5-year OS rates were resectable and with unresectable disease individually, that is, the
71.4%, 21.2% and 4.1% for categories A, B and C, respectively results of survival were favourable in the order of category A, B and
(P<0.0001). As shown in Figure 4, the significant impact of C in both groups. In the resectable group, the 5-year OS rates were
Histology™™" on OS was observed when we analysed patients with ~ 54.1% for category B and 15.6% for category C (P=0.0021). In the

www.bjcancer.com | DOI:10.1038/bjc.2014.509 2085


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

Histological categorisation of EMT status in CRC

DFS
1.0 Category A
Category B
2
2
8 05
<)
o
Category C
5-Year survival
Category A 95.1%
Category B 82.8%
0 Category C 38.6%
0 1 2 3 4 5
Years after surgery
No. at risk

Category A 128 124 120 117 116 109
Category B 314 287 262 245 233 225
Category C 58 43 29 25 24 22

oS

Category A

Category B

Probability
o
(4]

Category C
5-Year survival
Category A 91.1%
Category B 78.3%
Category C 50.2%

0 1 2 3 4 5 6 7
Years after surgery
No. at risk
Category A 128 124 121 119 118 111 44 23
Category B 314 308 286 270 250 237 72 24
CategoryC 58 52 47 40 32 28 11 6

Figure 3. Survival estimates by the Kaplan-Meier method in cohort 1 according to Histology®™". Disease-free survival: categories A vs B,
P=0.0005; categories A vs C, P<0.0001; categories B vs C, P<0.0001. OS: categories A vs B, P=0.0002; categories A vs C, P<0.0001;
categories B vs C, P<0.0001. Abbreviations: DFS = disease-free survival; OS = overall survival.
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Figure 4. Survival estimates by the Kaplan-Meier method in cohort 2 according to Histology™". Resectable group: categories B vs C, P=0.0021
(P-value for categories A and B or C cannot be calculated because of the lack of cases with event). Unresectable group: categories A vs B,

P=0.0168; categories A vs C, P=0.0091; categories B vs C, P=0.0261.

unresectable group, a significant difference was observed in the
probability of OS between each category: the 2-year OS rates were
highest for category A (50.0%), followed by categories B (31.7%)
and C (17.1%).

Comparison of prognostic stratification ability among
prognostic parameters. Among the potential prognostic factors,
multivariate analysis based on Cox proportional hazards model
identified Histology™™ ", N stage, lymphatic invasion and tumour
location as independent prognostic markers of OS in cohort 1
(Table 3). In cohort 2, independent prognostic markers selected
by multivariate analysis included grade, M substage and
Histology™™.

A comparison of the ability to stratify patient prognostic
outcomes according to conventional tumour grading and sta%ing
parameters is presented in Table 4. In cohort 1, Histology™

showed the most favourable AIC among the parameters analysed.
In cohort 2, M substage showed the most favourable AIC, followed
by tumour differentiation grade. Histology™™" showed a more
favourable AIC than T or N stage, and the range of 5-year OS rate
allocated in each category was the widest in Histology™ " among
the prognostic parameters analysed.

DISCUSSION

Colorectal cancer is a clinically diverse disease in terms of
oncologic outcomes. At present, basic research is focused on the
cancer microenvironment of individual tumours to explore tumour
heterogeneity (Hanahan and Weinberg, 2011). It is increasingly
apparent that the crosstalk between cancer cells and cells of the
neoplastic stroma is involved in the acquired capability for invasive
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Table 3. Univariate and multivariate analyses for overall survival by the Cox proportional hazards regression model

Cohort 1 I Cohort 2
Univariate Multivariate Univariate Multivariate
HR(95% Cl) | P-value | HR(95%Cl) | P-value | HR(95%Cl) | Pvalue | HR(95%Cl) | P-value
Primary tumour location
Colon Ref. Ref. Ref. NS
Rectum 1.8 (1.2-2.6) 0.0039 1.8 (1.2-2.6) 0.0061 1.1 (0.9-1.3) 0.3501
Primary tumour diameter (mm)
| 1.0(1.0-1.0) | 0.6701 NS 0.0 (1.0-1.0) 0.0234
Primary tumour histology
Differentiation
G1 Ref. NS Ref. Ref.
G2 1.2 (0.9-1.8) 0.2516 1.7 (1.2-2.6) 0.0081 1.3(1.0-2.2) 0.0742
G3 1.1 (0.6-2.2) 0.7511 3.7 (2.2-6.2) <0.0001 2.8 (1.6-4.8) <0.0001
Lymphatic invasion
Low-grade Ref. Ref. Ref. NS
High-grade 2.6 (1.8-3.8) <0.0001 1.8 (1.2-2.6) 0.0052 1.9 (1.4-2.7) <0.0001
Venous invasion
Low-grade Ref. NS Ref. NS
High-grade 1.8 (1.2-2.5) 0.0017 1.4 (1.0-2.0 0.0395
Histology®™T
Category A Ref. Ref. Ref. Ref.
Category B 3.0 (1.6-5.5) <0.0001 2.2 (1.2-4.2) 0.0124 Ref. Ref.
Category C 8.6 (4.4-16.7) <0.0001 5.4 (2.7-10.8) <0.0001 2.0 <0.0001 1.8 (1.3-2.6) <0.0001
Stage
T stage
T2 Ref. NS Ref. NS
T3 1.8 (0.6-5.7) 0.3183 Ref.
T4 3.7 (1.2-12.1) 0.0280 1.9 <0.0001
N stage
NO Ref. Ref. NS
N1 2.2 (1.5-3.4) <0.0001 6 (1.0-2.4) 0.0301 1.2 (0.8-1.8) 0.3739
N2 3.0 (1.8-5.0) <0.0001 8 (1.0-3.0) 0.0397 1.7 (1.1-2.6) 0.0151
M substage
M1a — — — — Ref. Ref.
M1b 2.5(1.8-3.5) <0.0001 1.9 (1.4-2.7) <0.0001
CEA (ugl™")
<5.0 — — — — Ref. NS
>5.0 1.4 (1.0-1.9) 0.0804
Abbreviations: CEA = carcinoembryonic antigen; Cl = confidence interval; Histology™" = histological categorisation of EMT status based on poorly differentiated clusters and desmoplastic
environment; HR = hazard ratio; NS = not selected.

growth and metastasis through the induction of EMT (Kalluri and
Zeisberg, 2006; Joyce and Pollard, 2009; Hanahan and Weinberg,
2011). The EMT concept provides a new basis for understanding
the progression of carcinoma towards dedifferentiated and more
malignant states.

Nuclear f-catenin accumulation, which is evidence of Wnt/f3-
catenin activation and may facilitate colon cancer cells to lose
epithelial differentiation and undergo EMT (Hlubek et al, 2007;
Fodde and Brabletz, 2007), is often regarded as the histological trait
of EMT in colon cancer (Thiery, 2002; Brabletz et al, 2005). In the
present study, we have proposed a new histological approach for
assessing the EMT potential in individual CRCs, that is, an
integrated evaluation of two EMT-associated histological features,
the dedifferentiation phenotype of cancer cells and the pro-EMT
desmoplastic environment (Figure 1). Cancer-associated fibroblasts
are key components that modulate the cancer microenvironment
and facilitate the progression of carcinoma towards a dediffer-
entiated phenotype in a direct or indirect manner through the
remodelling of the ECM (Kalluri and Zeisberg, 2006; Karagiannis
et al, 2012). Further, CAFs have been reported to have a direct role
in the induction of EMT by producing Wnt ligands for paracrine

signalling in tumour invasion front cells and an indirect role by
producing growth factors and cytokines that activate Wnt/f-
catenin signalling (Karagiannis et al, 2012). In addition, CAFs
generate an altered ECM environment, which interacts directly
with tumour cells to influence functions such as proliferation,
apoptosis, migration and differentiation (Allen and Jones, 2011).
Integrated assessment of morphological alteration at the tumour’s
leading edge focusing on PDCs and DR (Histology™™") may
therefore become a practical methodology that enables under-
standing of the potential of EMT in individual CRCs at the
histological level.

Poorly differentiated clusters predominantly appear at the
tumour front and are closely associated with an upregulated
Wnt/f-catenin signalling pathway. As we reported previously, L1
cell adhesion molecule (LICAM), one of the targets of the Wnt/f-
catenin signalling pathway that strongly induces epithelial cell
migration, was upregulated in PDCs (Kajiwara et al, 2011a). In
addition, the relative mRNA expressions of metalloproteinases,
such as matrix metalloproteinase (MMP)-7 and MMP-9, and a
disintegrin and metalloproteinases (ADAM)-12, were shown to be
significantly higher in PDCs than in tumour nests with gland
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Table 4. Comparison of grading and staging systems in terms of the ability to stratify patient prognostic outcomes by the results

of overall survival

| Cohort 1 I Cohort 2 !
P i .
rognostic Categories No. of cases 5-Year OS (%) AlIC No. of cases | 5-Year OS (%) AlIC
parameter
Tumour differentiation G1 210 79.6 1432.6 43 29.6 1436.6
G2 247 77.5 120 12.9
G3 43 76.7 33 3.8
Histology™7 Category A 128 91.1 1386.0 8 71.4 1440.0
Category B 314 78.3 103 21.2
Category C 58 50.2 85 4.1
T stage T2 26 88.5 1418.8 3 50.0 1443.6
T3 369 80.9 92 22.0
T4 105 66.7 101 8.4
N stage NO 248 87.2 1410.5 43 26.4 1453.9
N1 194 711 78 16.5
N2 58 65.0 75 7.6
M substage M1a 120 24.3 1428.9
M1b = = 76 1.4
Abbreviations: AIC = Akaike information criterion; Histology™" = histological categorisation of EMT status based on poorly differentiated clusters and desmoplastic environment; OS = overall
survival.

formation located at the invasive front (Kajiwara et al, 2011b).
These results were consistent with the observation that the
expression of nuclear f-catenin predominantly appears not only
in single cells but also in dedifferentiated cell clusters at the
tumour-host interface (Jung et al, 2001), which are believed to
have undergone or are in the process of undergoing EMT (Brabletz
et al, 2005; Hlubek et al, 2007; Karagiannis et al, 2012).

To histologically categorise DR, we have shed light on two
distinctive ECM types produced by CAFs, that is, keloid-like
collagen and myxoid stroma, as benchmarks. These two stromal
components are transitory phenotypes that appear only at a
desmoplastic front. It can be safely said that our proposed method
is to characterise DR in individual CRC ‘qualitatively’ and is
different from previous attempts to characterise DR ‘quantitatively’
with the yardstick of the tumour-stroma ratio (Mesker et al, 2007;
West et al, 2010). The existence of keloid-like collagen,
immunohistochemically characterised by an excessive deposition
of type 1 collagen (Ueno et al, 2002), indicates that CAFs adjacent
to keloid-like collagen were aberrantly activated to function as
metabolic modulators, possibly as fibroblasts in keloids. Myxoid
stroma, histologically characterised by excessive synthesis of a non-
fibrous ECM component, dense distribution of myofibroblasts and
sparse distribution of immune cells (Ueno et al, 2004), can be
regarded as an ultimate form of ECM remodelling induced by
tumours. Tumour cells located next to or within myofibroblast-
rich regions were shown to have a much higher incidence of
containing nuclear-localized fi-catenin, directly arguing for micro-
environment-modulated = WNT  signalling (Medema and
Vermeulen, 2011). Thus, keloid-like collagen and myxoid stroma
can be regarded as histological features closely associated with
EMT induction of tumour cells.

Our study demonstrated that PDC grade and DR categorisation
were independently related to prognostic outcomes, and integrated
assessment of these parameters may distinguish the EMT status
more distinctly than assessment of individual parameters. In
tumours classified in Histology™" category C, CAFs supposedly
form the pro-EMT microenvironment and result in aggressive
tumour histology with dedifferentiation and a migratory
phenotype at the invasion front. Conversely, CAFs are not
functioned towards facilitating EMT of carcinoma cells and the
dedifferentiation programme is likely to be inactive in tumours
classified in category A. In both cohorts examined in the

present study, Histology™™" allowed the identification of a

patient group with extremely favourable prognostic estimates as
well as a patient group with extremely unfavourable prognostic
estimates.

In cohort 1, Histology™" had a better prognostic stratification
power than conventional indicators including staging factors and
conventional histological parameters adopted as treatment deci-
sion-making factors in current international guidelines (National
Comprehensive Cancer Network, 2014). Histology™" enabled
identification of a patient group with very favourable prognostic
estimates, such as the 95% 5-year DES for category A. In contrast,
the prognostic outcome of CRC patients with tumours classified as
category C was very poor; the estimated figures of 5-year DFS after
surgery (39%) in this group may be comparable to those of CRC
patients with resectable single metastasis in the liver (Beppu et al,
2012). Thus, by stratifying patients into groups with considerably
different degrees of recurrence risk, Histology™" could be
expected to have a potential role in a personalised approach to
clinical decision making in CRC treatment, such as in determining
chemotherapy regimens and surveillance schedule.

Histology™™" demonstrated an ability to distinguish prognostic
outcomes in cohort 2. With respect to prognostic determinants in
stage IV CRC patients, radical resection of distant metastasis is
currently regarded as most important (Chen et al, 2013; Kobayashi
et al, 2013), followed by parameters associated with anatomical
extent of disease and performance status (Kobayashi et al, 2013;
Stillwell et al, 2011). In general, primary tumour histology has not
been regarded as a key prognostic indicator in the metastatic CRC
setting, although a few pathological features, such as tumour grade
(Kobayashi et al, 2013) and tumour-infiltrating lymphocytes (Lee
et al, 2013), have been reported as independent prognostic factors.
In the present study, Histology™™" was shown to have a prognostic
value not only in resectable cases but also in unresectable cases.
Notably, prognostic impact of Histology"™" was independent of
TNM’s M substage (Mla/M1b), a representative index of
anatomical extent of disease in stage IV CRCs. Primary tumour
histology may have to be evaluated in greater detail in clinical
studies in the stage IV setting because it may potentially bias
survival results much more than the contents of a chemotherapy
regimen.

Neoadjuvant systemic chemotherapy is highly expected to
improve the prognostic results of stage IV CRC patients with
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potentially resectable distant metastasis (Nordlinger et al, 2008), by
eradicating systemic occult disease to decrease recurrence after
metasectomy and by avoiding surgery in patients with rapidly
progressive disease (Chua et al, 2010). On the other hand, this
practice could have the potential risk of tumour progression while
on chemotherapy and chemotherapy-associated toxic events,
which may delay surgical resection or make it impossible in some
cases (Fernandez et al, 2005). At present, the optimal indication of
neoadjuvant chemotherapy for stage IV patients remains unclear
(Chua et al, 2010), although tumour biology could be closely
related to the appropriateness of administrating neoadjuvant
chemotherapy (Adam et al, 2010). In this respect, Histology™"
could become an important indicator, contributing to the effective
selection of patients who benefit from neoadjuvant chemotherapy.

The CAF-associated local microenvironment is currently
believed to have key roles in modulating cancer stem cell
phenotypes in vivo (Allen and Jones, 2011; Ashley, 2013).
According to the ‘migrating cancer stem (MCS) cells’ concept
(Brabletz et al, 2005), MCS cells, which are derived from stationary
cancer stem cells through the acquisition of transient EMT in
addition to stemness, appear at the tumour-host interface in a
tumour. Potential MCS cells in CRCs are reportedly characterised
by high levels of nuclear f-catenin expression and can disseminate
and form metastatic colonies if they retain stem cell functionality
(Brabletz et al, 2005). Poorly differentiated clusters, which are
predominantly located at the invasive front in tumours with a pro-
EMT desmoplastic environment and exert a potent impact on
oncological outcomes (Barresi et al, 2012; Ueno et al, 2012, 2014),
may comprise a tumour cell population possessing two decisive
traits of MCS cells, that is, stemness and mobility. It should be
emphasised that Histology™ " assessment does not require any
special molecular biology technique or immunohistochemical
staining; it enables grading of the EMT potential of cancer cells
and possibly the incidence of MCS cells only on the basis of HE-
stained pathological specimens. Histology™™" assessment could
form a bridge between the results of bench work and pathological
practice for cancer treatment.

In conclusion, a tumour grading system based on integrated
assessment of the dedifferentiation phenotype and unfavourable
desmoplastic environment provides more individualised outcome
prediction than conventional grading and staging systems. We
believe that Histology™" has the potential to be developed into a
useful tool for understanding the essential role of EMT in
determining the biological characteristics of CRCs and the
underlying causes of prognostic heterogeneity in CRCs. Further
attempts including multicentrer studies to validate our results and
occasions of educational and training programs to establish a
satisfactory reproducibility of diagnosis are needed for this system
to enter routine pathology practice.
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