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Abstract The aim of this study was to identify in the group of
colonic adenocarcinomas, not otherwise specified (NOS),
subgroups of oncogenetic and prognostic significance based
on the expression of immunohistochemical markers of epithe-
lial cell differentiation of the gastrointestinal tract.
Hierarchical clustering analysis of 122 adenocarcinomas
(NOS) identified four clusters based on how closely their pro-
file of immunohistochemical expression of differentiation
markers was related: (i) a major cluster of 83 adenocarcinomas
(68 %) called crypt-like carcinoma (CLA) with a
immunohistochemically expressing colonic crypt differentia-
tion markers (cytokeratin 20+, CDX2+, MUC2+ or MUC2-)
and (ii) three minor clusters, characterized by the loss of co-
lonic crypt differentiation markers and/or the acquisition of
expression of markers of metaplastic foveolar gastric differen-
tiation (MUCSAC+) and/or aberrant cytokeratin 7 expression.
CLAs were invariably MSS (y? test: p<0.0001). The sole
parameters associated with worse overall survival of the 122
patients with adenocarcinoma (NOS) were pT stage, pN+
stage, and advanced clinical stage. Interestingly, CLA lineage
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of differentiation was an independent prognostic parameter for
better overall survival among the 40 patients with an adeno-
carcinoma (NOS) stage III. In conclusion, hierarchical cluster-
ing led to the identification of a main cluster of adenocarcino-
ma (NOS) with crypt-like differentiation, associated with
MSS status and better prognosis. Its value as a biomarker of
response to conventional chemotherapeutic agents deserves to
be examined in randomized therapy trials.

Keywords Colonic adenocarcinomas - Lineage of
differentiation - Hierarchical clustering analysis

Introduction

Recent progress regarding genetics and molecular oncogene-
sis of colonic adenocarcinoma has led to the concept of het-
erogeneity, resulting in several clinico-pathological entities
characterized by distinct molecular genetic pathways modu-
lated by epigenetic events [1]. The now classical view of co-
lorectal oncogenesis, the so-called canonical pathway derived
from the Familial Adenomatous Polyposis model, involves
the accumulation of mutations of APC, KRAS, and TP53
[2-4]. The so-called mutator phenotype [5—7], characterized
by genetic or epigenetic alterations of mismatch repair
(MMR) genes MLH1, MSH2, MSH6, and PMS2 resulting in
microsatellite instability (MSI-H), represents an alternative
pathway of colorectal oncogenesis. While in Lynch syndrome
MMR gene abnormalities result from germline mutations, in
sporadic cases they result from hypermethylation of CpG
Islands of the MLH1 promoter [8].

Some subtypes of sporadic colonic adenocarcinomas,
i.e., mucinous or medullary carcinomas, are frequently
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MSI-H [9-11]. For adenocarcinoma not otherwise spec-
ified (NOS), simply called adenocarcinoma in the last
edition of the WHO classification [12], no histopatho-
logical features of tumor cell differentiation are associ-
ated with molecular characteristics. In this context, the
aim of our study was to examine whether some
immunophenotypical characteristics of differentiation of
colonic adenocarcinoma (NOS) might be relevant in
terms of molecular oncogenesis and/or clinical behavior.
To address this issue, hierarchical clustering analysis of
a cohort of patients from a single institution was per-
formed, based on a panel of immunohistochemical
markers of differentiation of gastrointestinal epithelia
(CDX2, cytokeratin 20 and cytokeratin 7, MUC2, and
MUCSAC). Clusters of differentiation resulting from the
hierarchical clustering analysis were correlated with
immunophenotypic and genotypic markers of colonic
oncogenesis (MSI/MSS status, MLH1, MSH2, MSH6)
as well as to evolution of disease in terms of overall
survival.

Material and methods
Patients

The case series consisted of 122 patients with colonic adeno-
carcinoma (NOS), surgically treated, consecutively selected
when tissue was available, at Nantes University Hospital be-
tween 1998 and 2008. Patients with other histological sub-
types of colonic carcinomas as defined by WHO classification
[12] were excluded from this study. The adenocarcinomas
(NOS) are defined as gland-forming with variability in the
size and configuration of the glandular structures. The epithe-
lial tumor cells are usually large and tall. Adenocarcinomas
are graded according to the WHO recommendations as the
percentage of the tumor showing formation of gland-like
structures [12]. Tumors were staged according to UICC-
TNM staging 7th ed. [13]. Our case series consisted of 5
pT1, 8 pT2, 84 pT3, and 25 pT4 colon carcinomas including
69 colon carcinomas with lymph nodes metastases.
Synchronous visceral metastases were detected in 33 patients,
i.e., in the liver in 21 patients, lungs in 5 patients, peritoneal
cavity in 4 patients, bone in 2 patients, and ovary in 1 patient.
The case series consisted of 8 stage I, 41 stage 11, 40 stage I1I,
and 33 stage IV colon carcinomas. All patients with adenocar-
cinoma (NOS) stage III received chemotherapy. None of the
patients underwent neoadjuvant therapy before surgery, pa-
tients with rectal carcinomas being excluded from the study.
The following information was scored from the clinical charts:
age, gender, tumor location, treatment, follow-up information
including metachronous metastases (location and date of di-
agnosis), date of death.
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Tissue micro-array construction

A tissue micro-array including the 122 colonic adenocarci-
nomas (NOS) was constructed. Tissue cores with 1.0 mm di-
ameter were taken from donor paraffin blocks of chosen tumor
areas (n=3) as well as from the distant normal mucosa (n=1).
These tissue cores were inserted into recipient paraffin blocks
using a tissue arrayer (Beecher Instrument, Silver Springs,
MD). Cores of placental tissue were added to each array and
served both as control and location landmarks.

Immunohistochemistry

Sections of tissue microarray blocks were immunostained
using peroxidase-labeled polymer method (Envision Flex
Plus kit, Dako, Glostrup, Denmark). Primary antibodies
against the following antigens were used: cytokeratin 7 (clone
OV-TL 12-30, Dako, dilution 1:100), cytokeratin 20 (clone
KS20.8, Dako, dilution 1:100), MUC2 (clone Ccp58,
Novocastra, Newcastle upon Tyne, UK, dilution 1:100),
MUCSAC (clone 45 M1, gift of Pr Bara, dilution 1:50),
CDX2 (clone CDX2-88, Biogenex, Fremont, CA, dilution
1:100), MLHI1 (clone G168-15, BD Biosciences,
Erembodegem, Belgium, dilution 1:100), MSH2 (clone
D06571-8, Oncogene, Cambridge, MA, dilution 1:100), and
MSHBS6 (clone 44, BD Transduction Laboratories, Lexington,
KY, dilution 1:40). For visualization of bound antibody, the
sections were immersed in 3-3' diaminobenzidine (Envision
Flex Plus kit, Dako) and counterstained with hematoxylin.

Evaluation of immunohistochemistry

All cases were scored by two pathologists. Immunoreactivity
for cytoplasmic cytokeratin 20, cytokeratin 7, MUC2,
MUCSAC, and nuclear CDX2 was scored as the percentage
of positive cells. The final immunohistochemical score for a
given marker corresponded to the mean of the scores given for
the three tumor cores from each patient.

Hierarchical clustering analysis of immunohistochemical
differentiation of adenocarcinomas, NOS

In a first step, the immunohistochemical data on expression of
the differentiation markers cytokeratin 20, cytokeratin 7,
MUC2, MUCSAC, and CDX2 were specifically reformatted
for hierarchical clustering analysis [14]. A four-point scale
was used with O=negative (<5 % of cells staining), 1=unin-
terpretable (e.g., because of loss of the tissue or excessive
background staining), 2=weak staining (i.e., 5-50 % of cells
showing weak to intermediate intense staining), and 3=strong
staining (>50 % of cells showing weak to moderately intense
staining or >5 % of cells showing strong staining). Staining
was considered relevant when it reproduced the cytoplasmic
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MUC2 or CK20 or nuclear CDX2 expression in normal co-
lonic epithelial cells. In addition, MUCS5AC staining was con-
sidered relevant when reproducing the cytoplasmic expression
normally present in foveolar gastric cells. Scores were entered
into a Microsoft Excel spreadsheet following the model de-
scribed by Liu et al. [14].

For univariate and multivariate survival analysis, both per-
centage and reformatted values of immunopositive cells were
tested.

The four-point scale was initially designed for hierarchical
clustering analysis. Hierarchical clustering analysis was per-
formed using Cluster and TreeView software, freely available
at http://rana.lbl.gov/EisenSofware.htm/ [14, 15]. An Excel
macro TMA-Deconvoluter was also downloaded from Eisen
Software for processing of raw tissue microarrays staining
data into a format compatible with Cluster software [14, 15].
The clustered data were finally viewed using TreeView [15].

Microsatellite instability status and mismatch repair proteins

To determine MSI/MSS status, DNA was extracted from two
whole 10 um thick sections of donor blocks from 122 colon
carcinomas. MSI/MSS status was determined by PCR,
through amplification of five mononucleotide markers
BAT25, BAT26, NR21, NR22, and NR24, designed and val-
idated previously [16].

The 3-pum sections of tissue microarrays were immuno-
stained for three mismatch repair proteins MLH1, MSH2,
and MSH6 using the peroxidase-labeled polymer method as
described before. Tumor mismatch repair protein expression
was assessed as retained (normal) or lost.

Statistics

Hierarchical clustering analysis was performed to assess asso-
ciations between the five evaluated markers of differentiation
(see above) [14, 15]. Associations between categorical vari-
ables (cluster of differentiation, gender, MSI/MSS status, tu-
mor location) were calculated using two-tailed x* test.
Overall survival (OS) was measured from the date of sur-
gery to the date of death related to colon carcinoma (i.e., death
unrelated to colon carcinoma was censored at the time of
death). Univariate survival analysis was performed using the
log-rank test and illustrated using Kaplan—Meier curves. Cox
hazard proportional model was used for multivariate survival
analysis. The hazard risk ratio (HR) and 95 % confidence
intervals (95 % CI) were estimated for each association.
Based on the whole cohort, UICC stage, MSI/MSS status,
grade, cluster of differentiation, or each single marker of dif-
ferentiation were entered in a first set of multivariate analyses.
In a second set of multivariate analyses, the prognostic value
of the same parameters was evaluated in each well de-
fined UICC stage. p values <0.05 were considered

statistically significant. Statistical analyses were per-
formed using SAS software version 9.3 for Windows
(SAS Institute, Cary, NC, USA).

Results
Clinico-pathological data

The case series comprised of 122 colon adenocarcinomas
NOS, in 44 women and 78 men (age range 19-91 years, mean
68 years, median 68 years). Of the carcinomas, 61 were locat-
ed in the right colon and 61 in the left colon.

Immunohistochemical differentiation profile of the normal
colon

In the normal colon, CDX2 expression, restricted to the
nucleus of epithelial cells, was more intense in crypt
bottom than in surface epithelial cells. Both goblet cells
and eosinophilic columnar cells expressed CDX2.
Cytokeratin 20 expression was restricted to surface and
upper crypt epithelial cells, which corresponds to those
most differentiated. MUC2 was expressed by goblet
cells of the entire crypt without a gradient of expres-
sion. MUC2 expression appeared as cytoplasmic granu-
lar staining peripheral to mature secretory vesicles.
MUCSAC and cytokeratin 7 were not expressed in nor-
mal colonic mucosa sampled at a distance from the
tumor (Fig. 1).

Immunohistochemical expression of markers
of differentiation in colonic adenocarcinomas (NOS)

CDX2 expression was high in 84 adenocarcinomas (69 %)
and low (less than 50 % immunopositive-cells) in 38 cases
(31 %). In 16 of these 38 cases, CDX2 expression was lost.
Cytoplasmic cytokeratin 20 expression was found in 105 ad-
enocarcinomas; it was lost in 16 adenocarcinomas (13 %).
MUC?2 expression was found in both carcinomatous goblet
cells (granular cytoplasmic staining peripheral to mature se-
cretory vesicles) and eosinophilic columnar cells (granular
homogeneous cytoplasmic staining) in 61 adenocarcinomas
(50 %). Cytoplasmic cytokeratin 7 expression was present in
eight adenocarcinomas (7 %). This staining was intense,
displayed by nearly 100 % of tumor cells in two cases includ-
ing an adenocarcinoma in a patient with ulcerative colitis.
Ectopic MUCSAC staining was observed in 20 adenocarci-
nomas (16 %); MUCSAC staining was present in the cyto-
plasm of carcinomatous cells.
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normal colonic crypt. a CDX2 expression along the entire colonic crypt
with an attenuation of expression in the intercryptic surface epithelium; b

Hierarchical clustering analysis of 122 adenocarcinomas
(NOS) based on immunohistochemical markers
of differentiation

The hierarchical clustering analysis divided the 122 colonic
adenocarcinomas (NOS) into four groups based on the relat-
edness of the markers of differentiation immunoprofile
(Fig. 2). These four groups were designated cluster of differ-
entiation (CD) I, II, III, and IV. As can be seen from the
TreeView output (Fig. 2), CD I consisted of 83 adenocarci-
nomas (68 %) showing the colonic crypt differentiation
immunoprofile (cytokeratin 20-positive, CDX2-positive,
MUC2-positive or MUC2-negative) (Fig. 3a). In this group,
there was a good level of correlation between the cases (r=
0.611). CD 1I consisted of 11 adenocarcinomas (9 %)
exhibiting a mixed immunoprofile of both normal colonic
crypt and metaplastic foveolar gastric differentiation
(cytokeratin 20-positive, CDX2-positive, MUC2-positive or
MUC2-negative, MUCSAC-positive) (Fig. 3b). In this group,
there was a nearly perfect level of correlation between the
cases (r=0.926). CD III consisted of six adenocarcinomas
(5 %) showing in part loss of colonic crypt differentiation
immunoprofile inconstantly combined with gain of
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strong expression of cytokeratin 20 in the surface epithelium as well as in
the upper third of the crypt; ¢ MUC2 expression restricted to goblet cells;
d the normal crypts do not express either MUC5AC or e cytokeratin 7

metaplastic foveolar gastric differentiation immunoprofile
(cytokeratin 20-negative, CDX2-positive, MUC2-positive or
MUC2-negative, MUC5AC-positive or MUCS5AC-negative).
In this group, there was a high level of correlation between the
cases (r=0.541). CD IV was the most heterogeneous. It
consisted of 22 adenocarcinomas (18 %) showing a loss of
colonic crypt differentiation immunoprofile and a metaplastic
foveolar gastric differentiation immunoprofile (cytokeratin
20-positive or cytokeratin 20-negative, CDX2-negative,
MUC2-positive or MUC2-negative, MUCS5AC-positive or
MUCSAC-negative, cytokeratin 7-positive or cytokeratin 7-
negative). The level of correlation between the cases was
moderate (#=0). The preferential location of the adenocarci-
nomas belonging to CD I cluster was the left colon (53/83,
64 %) while the preferential location of the CD II, CD III, and
CD IV clusters was the right colon (31/39, 79 %) (x* test:
»<0.0001).

Adenocarcinomas belonging to CD I are associated with MSS
status

Genetic analysis based on five markers of microsatellite
instability showed that 22 colonic adenocarcinomas
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Fig. 2 Hierarchical clustering analysis of 122 colonic adenocarcinomas, association between the patients (left hand side). In this analysis, a
NOS. In a first step, the tumors are grouped on the basis of the relatedness strong positive score is represented as bright red blocks, a weak
of immunostaining with CDX2, cytokeratin 20, MUC2, cytokeratin 7, positive score as black blocks, and a negative score as green blocks.

and MUCSAC. Then, the patients are sorted out according to their The right side of the figure detailed the four clusters of differentiation
degree of relatedness in the selected immunoprofile. The dendrogram already identified on the left side of the figure (CD I, CD II, CD III, and
on the left side of the figure shows two dimensions of clustering, i.c., CDIV)

the association between the markers of differentiation (fop) and

(NOS) were MSI-H (18 %). Nineteen of the 39 tumors  Survival analysis

belonging to CD II, CD III, and CD IV (49 %) were

MSI-H while 3 of the 83 tumors belonging to CD I  Follow-up data were available for 116 patients with colonic
were MSI-H (4 %), the difference being very significant  adenocarcinoma (NOS). They showed that 31 patients died
(x* test: p<0.0001). from their disease, 12 after 1 year (11 %), 24 after 3 years
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Fig. 3 Representative examples of adenocarcinomas belonging to
clusters CD I and CD IV. Histological pattern of adenocarcinoma #
ID65 belonging to cluster CD I (4/) and immunophenotypic
characteristics: strong expression of CDX2 (42), cytokeratin 20 (43),
MUC?2 (44), and absence of expression of cytokeratin 7 (45) and

(22 %), 28 after 5 years (30 %). Twenty-seven patients devel-
oped metachronous metastases including 18 cases of liver me-
tastases, 4 cases of peritoneal metastases, 2 cases of duodeno-
pancreatic metastases, and 1 case each of pulmonary, osseous,
and distant lymph node metastases. The mean duration of
follow-up was 36 months (range 1-123 months). The prognos-
tic significance of (i) each single differentiation marker, (ii)
clinico-pathologic parameters including MSI/MSS status, and
finally (iii) the four clusters of differentiation was determined
using univariate and multivariate statistical analysis.

In the univariate analysis, the parameters associated with a
shorter survival of patients with colonic adenocarcinomas,
NOS, were pT status (p=0.0004), pN+ status (p=0.006), and
UICC-TNM stage (p=0.006). The prognostic value of the clus-
ters of differentiation exhibited a tendency toward significance
(HR=1.77; C1 95 % 0.78-4.01, p=0.17) (Table 1). In the mul-
tivariate survival analysis using Cox’s regression model, only
advanced TNM stage had an independent negative association
with prognosis (HR=4.83; CI 95 % 1.59-14.6; p=0.0054).

In a second analysis of survival, we examined the value of
immunophenotypical parameters as well as the MSI-H status in
relation with each stage as defined by the UICC, using univar-
iate and multivariate analyses. Expression of some individual
markers of differentiation was associated with shorter overall
survival of patients with stage III adenocarcinomas (n=38): (i)
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MUCSAC (46). Histological pattern of adenocarcinoma # ID106
belonging to cluster CD IV (B7) and immunophenotypic characteristics:
absence of expression of CDX2 (B2), cytokeratin 20 (B3), MUC2 (B4)
and cytokeratin 7 (B5) and strong cytoplasmic expression of MUCSAC
(B6)

Table 1 Impact of (i) isolated markers of differentiation, (ii) groups of
differentiation determined by hierarchical clustering analysis, (iii)
immunophenotypical and genotypical markers of oncogenesis, and (iv)
tumor stage on the overall survival of patients with colonic
adenocarcinomas, NOS, using univariate analysis Cox proportional
hazards regression

No. HR CI95% pvalue p value
CDX2 (>50 %) 115 054 021-135 NS
CK20 (>0 %) 116 043 0.16-1.17 NS
MUCS5AC (>0 %) 116 1,06 0.36-3.13 NS
Clusters CD I III, or IV 116 1.77 0.784.01 NS
MSI 116 1.61 0.67-3.90 NS
pT stage 116 0.0004
1 0.00 0.00 NS
2 0.00 0.00 NS
3 0.17 0.07-0.38 <0.0001
pN stage 114 547 1.63-18.4 0.0061
UICC stage 116 0.0066
1 0.00 0.00 NS
2 0.15 0.05-0.47 0.0012
3 0.32 0.13-0.80 0.0148

HR hazard risk ratio, CI confidence interval, NS not significant
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Table 2 Significance of (i) isolated markers of differentiation, (ii)
groups of differentiation determined by hierarchical clustering analysis,
and (iii) immunophenotypical and genotypical markers of oncogenesis on
the overall survival of patients with colonic adenocarcinomas, NOS,
UICC stage Il (n=38), using univariate analysis Cox proportional
hazards regression. CDX2 and cytokeratin 20 (CK20) have a positive
impact (HR <1) whereas MUSAC, clusters CD II, CD III, and CD 1V,
and MSI have a negative impact (HR >1)

No. HR CI9 %  pvalue
CDX2 (>50 %) 38 0.13 0.03-0.60 0.0089
CK20 (>0 %) 38 021 0.05-0.85 0.0289
MUCSAC (>0 %) 38 613  1.15-32.8 0.0339
Clusters CDII, CDIII, or CDIV 38 950 2.33-38.7 0.0017
MSI 38 576 1.53-21.6 0.0095

HR hazard risk ratio, CI confidence interval, NS not significant

loss of CDX2 expression >50 % (HR=0.13; IC 95 % 0.03-0,6,
p=0.009), (ii) loss of cytokeratin 20 expression (HR=0.21; CI
95 % 0.05-0.8, p=0.03), and finally (iii) the gain of MUC5AC
expression (HR 6.13; CI195 % 1.15-32.8, p=0.03). The MSI-H
status was associated with a shorter overall survival (HR=5.76;
IC 95 % 1.53-21.6, p=0.009). Finally, as shown in Fig. 4 and
in Table 2, the overall survival was significantly better in ade-
nocarcinomas of cluster CD I than in adenocarcinomas of clus-
ters II, ITI, and IV in stage Il adenocarcinomas, i.e., carcinomas
with lymph nodes metastases (HR=9.5; CI 95 % 2.33-38.7,
log-rank test, p=0.0002) (Fig. 4). A multivariate Cox’s regres-
sion model was fed with parameters bearing significant value in
univariate analysis. It took into account all individual markers
of differentiation with significance in univariate analysis (i.e.,

CDX2 expression <50 %, loss of cytokeratin 20 expression,
gain of MUCSAC expression) as well as MSI-H status.
Assignment to clusters CD II, CD III, or CD IV (HR=13.5;
CI 95 % 1.94-93.8, p=0.0085) was an independent adverse
factor for overall survival of patients with stage III carcinoma.
A note of caution should be added to this result as the number
of cases is relatively small.

Discussion

It is implicitly admitted that colon adenocarcinomas (NOS)
form a homogeneous group of tumors on the basis of their
histopathological pattern. The rationale of our study was to
try to sort out clusters with clinico-pathological relevance [17,
18]. Interestingly, the hierarchical clustering analysis software
was adapted to manage findings from TMAs using a limited
number of markers [14, 19-21].

In fact, hierarchical clustering analysis isolates a major
cluster of homogeneous tumors characterized by the expres-
sion of three markers of differentiation of the normal colonic
crypt. These three markers were CDX2, a homeobox gene
involved in the development and maintenance of intestinal
crypt [22, 23], CK20, a cytoskeletal protein of the mature
epithelium [24], and MUC2, a secreted mucin restricted to
the intestinal goblet cells [25]. Based on this immunoprofile,
the term “Crypt-Like Adenocarcinoma” is proposed to identi-
fy the tumors belonging to the cluster CD 1 of differentiation.
The biological consistence of this cluster is supported by sev-
eral lines of investigation showing cross-talk between these
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Fig. 4 Kaplan—Meier survival curve of patients with colonic
adenocarcinomas, NOS, stage III. Survival of patients with
adenocarcinoma belonging to cluster CD 1 is represented by a solid line

and of patients with adenocarcinoma belonging to clusters II, III, or IV
with a dashed line. The difference between the two groups is significant
(log-rank’s test: p=0.002)
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markers in regulating both development and homeostasis of
the adult colonic crypt. For example, MUC2 expression by
goblet cells is initiated by CDX2 and cytokeratin 20 expres-
sion is indirectly regulated by CDX2 [26].

Besides “Crypt-like adenocarcinoma,” hierarchical cluster-
ing analysis identified three other adenocarcinoma (NOS)
clusters that illustrate the immunophenotypical heterogeneity
of this group of tumors. These clusters were defined by the
markers of differentiation cytokeratin 7, a cytoskeletal protein
expressed in fetal stomach and during the intestinal healing
process [27, 28], and MUCSAC, a secretory mucin normally
restricted to gastric foveolar epithelium [29], together with
CDX2, cytokeratin 20, and MUC2. These markers were cho-
sen on the basis of the literature showing expression in relation
with the tumor genotype (MSS/MSI) and the clinico-
pathological setting. In fact, studies have shown that the iso-
lated loss of either CDX2 or cytokeratin 20 is significantly
associated with MSI-H [30, 31]. Likewise, cytokeratin 7 is
associated with inflammatory bowel disease-associated neo-
plasia [28] and MUCSAC expression is associated with the
so-called serrated pathway of carcinogenesis [32, 33] or vil-
lous tumors [34]. However, none of these studies were con-
ducted in a histologically homogeneous subtype of colonic
adenocarcinomas. The three minor clusters of differentiation
identified so far were characterized by (i) a mixed gastric and
colonic immunophenotype, (ii) loss of colon crypt differenti-
ation and acquisition of a gastric immunophenotype, and (iii)
acquisition of a gastric immunophenotype including a fetal
gastric marker of differentiation (cytokeratin 7) [27]. The im-
munohistochemical characteristics of these three minor clus-
ters suggest that neoplasia is preceded by metaplasia.

Interestingly, crypt-like carcinomas (CLAs) were strongly
associated with MSS status while the other clusters were sig-
nificantly associated with MSI-H status. The positive predic-
tive value of CLA was nearly 100 % for predicting MSS
status. In fact, the inference of MSS status based on histopath-
ological and immunophenotypical characteristics is clinically
relevant for patient management because MSS is now consid-
ered predictive for the response to conventional 5-FU chemo-
therapy [35, 36]. Interestingly, Varadhachary et al. [37] who
designed a chemotherapeutic approach of metastatic adeno-
carcinomas with unknown primary tumor observed that only
those with a “colon carcinoma” immunoprofile expressing
both cytokeratin 20 and CDX2 along with the lack of other
markers such as cytokeratin 7, i.e., the markers defining in part
our CLA cluster, had a response to 5-FU-based chemotherapy.
In addition, in our study, the CLA immunoprofile had an in-
dependent prognostic value in stage Il adenocarcinomas, tra-
ditionally treated with conventional chemotherapy.

In conclusion, this hierarchical clustering analysis isolates
among a series of adenocarcinomas (NOS) a main cluster of
tumors with a homogeneous immunohistochemical profile
similar to that of the colonic crypt. This category of “crypt-

@ Springer

like adenocarcinoma” is diagnostically and prognostically rel-
evant since it is highly predictive of MSS status. Its value as a
biomarker of response to conventional chemotherapeutic
agents deserves to be examined in comparison with MSS/
MSI-H status in randomized therapeutic trial.
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