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Abstract

Most Crohn’s disease-associated small bowel carcinomas (CrD-SBCs) are diagnosed in advanced stage and have poor prognosis.
To improve diagnosis and therapy, a better knowledge of tumour precancerous lesions, histotypes and prognostic factors is
needed. We investigated histologically and immunohistochemically 52 CrD-SBCs and 51 small bowel carcinomas unrelated to
inflammatory disease, together with their tumour-associated mucosa, looking for Crohn-selective changes. Histologic patterns
and phenotypic markers potentially predictive of CrD-SBC histogenesis and prognosis were analysed. Cytokeratin 7 or
MUCSAC-positive metaplastic changes were found in about half of investigated CrD-SBCs, significantly more frequently than
in CrD-unrelated SBCs. They correlated with metaplastic changes of their associated mucosa, while being absent in normal ileal
mucosa. Histologic patterns suggestive for progression of some cytokeratin 7 and/or MUCS5AC-positive metaplastic lesions into
cancer of the same phenotype were also observed. Patient survival analyses showed that tumour cytokeratin 7 or MUCS5AC
expression and non-cohesive histotype were adverse prognostic factors at univariable analysis, while cytokeratin 7 and non-
cohesive histotype were also found to predict worse survival in stage- and age-inclusive multivariable analyses. Besides con-
ventional dysplasia, hyperplasia-like non-conventional lesions were observed in CrD-SBC-associated mucosa, with patterns
suggestive for a histogenetic link with adjacent cancer. In conclusion the cytokeratin 7 and/or MUCS5AC-positive metaplastic foci
and the non-conventional growths may have a role in cancer histogenesis, while tumour cytokeratin 7 and non-cohesive histotype
may also predict poor patient survival. Present findings are worth being considered in future prospective histogenetic and clinical
studies.
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Introduction

Most Crohn’s disease-associated small bowel carcinomas
(CrD-SBCs) show unfavourable outcome due to a highly
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invasive pattern coupled with advanced stage at diagnosis
[1-3]. Attempts to achieve an early diagnosis by the endo-
scopic screening of Crohn’s disease patients proved relatively
ineffective compared with findings reported for early inflam-
matory bowel disease (IBD)-associated colorectal cancer
[4—7]. This relative inability to endoscopically and histologi-
cally identify the precursors of CrD-SBC probably depends on
the inability of endoscopy to routinely view the small intestine
as well as on the limited knowledge of the histogenesis and
natural history of CrD-SBCs. Indeed, there is some evidence
that apparently non-dysplastic mucosa of cancer-bearing
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Crohn’s patients shows cancer-mimicking molecular changes
[8, 9]. Therefore, efforts should be made to obtain a better
characterization of putative cancer precursor lesions, alterna-
tive to or preceding established dysplasia, such as the long-
known “pyloric” or “gastric” type metaplasia [10, 11], the
“hyperplastic-like non-conventional type of dysplasia” [12]
or the “ulcer-associated cell lineages (UACL)” [13, 14], pre-
viously reported in Crohn’s disease affected small bowel
mucosa.

In a recent study on small bowel cancers, we were
impressed by the large prevalence of non-intestinal tumour
cell phenotypes among CrD-SBCs, partly mimicking gastric
and/or pancreatobiliary duct cells, as well as by the occur-
rence, within their associated non-tumour mucosa, of focal
changes showing the same “metaplastic” cell phenotypes as
the cancer tissue itself [15]. We wondered whether such meta-
plastic changes may have a role in CrD-SBC histogenesis and
progression, also considering previous suggestions
concerning CrD-SBC [11, 16, 17] or IBD-promoted carcino-
genesis [18]. In relation to this and in addition, we also con-
sidered the small bowel counterpart of the “non-conventional”
low-grade dysplastic lesions, recently characterized among
IBD patients with colorectal cancer [19].

In this study, we analysed the tumour cell phenotype, as well
as putative precursor lesions in the background mucosa, of a
large cohort of CrD-SBCs, collected and followed through the
Small Bowel Cancer Italian Consortium and correlated these
data with patients’ clinical outcome. Histologic and immuno-
histochemical findings in these cases were compared with those
obtained in sporadically arising SBCs, in the absence of predis-
posing chronic immune-inflammatory diseases.

Material and methods
Study population

Fifty-two cases of CrD-SBCs (48 from the ileum, 2 from the
jejunum and 2 from the duodenum), were collected and
followed by 18 tertiary referral centres participating in the
Small Bowel Cancer Italian Consortium. The patients had
surgical resection with accurate tumour staging according to
AJCC [20] and extensive tumour sampling; consequently,
they entered clinical follow-up programs. In such CrD-SBC
cases, the small bowel mucosa adjacent to the cancer (i.e.,
within 1 cm from cancer borders, in the same paraffin block)
was also investigated to identify the presence of any metaplas-
tic or non-conventional background lesion. In addition, 51
surgically resected SBCs (14 from the ileum, 31 from the
jejunum and 6 from the duodenum) arisen sporadically in
the absence of tumour predisposing immune-inflammatory
disease such as coeliac disease or IBD (the no-PID-SBCs),
together with their adjacent or distant non-neoplastic mucosa
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(beyond 1 cm from cancer), were histologically analysed as
control group. The absence of any immuno-inflammatory dis-
ease in no-PID-SBC patients was ascertained by clinical find-
ings, serology (for coeliac disease), CT abdominal scan and
histologic investigation of non-tumour mucosa at distance
from SBCs. All 8 duodenal cancers were non-ampullary.
This study was approved by the Pavia Ethics Committee (pro-
tocol number 20140003980).

Histology and immunohistochemistry

All cancers were classified histologically according to criteria
previously found to be pathologically and clinically informa-
tive for SBCs [15, 21, 22]. The following main histotypes
were considered: (a) glandular type, when 70% or more of
the tumour exhibited a gland-forming pattern; (b) diffuse type,
when 70% or more of the tumour showed diffusely infiltrat-
ing, poorly cohesive cells, with or without mucin-storing sig-
net ring cells; or (¢) mixed type, characterized by a combina-
tion of both glandular and diffuse/poorly cohesive patterns,
each representing at least 30% of the tumour.

In accordance with previous studies [21-23], diffuse,
mixed and a few solid-infiltrative cancers with cell clusters
protruding from invasive edges, were classified as non-cohe-
sive. Glandular cancers, solid cancers with no glands and lu-
minal space, but retaining some cell polarity and basal mem-
brane differentiation (trabecular pattern), and medullary carci-
nomas (characterized by expansive growth and abundant in-
filtration of T lymphocytes due to MSI status or Epstein-Barr
virus actiology [24]), were classified as cohesive. Tumour
desmoplasia was considered only when the stroma was struc-
turally rearranged, either with abundant newly formed cancer-
associated fibroblasts (CAFs) or with consolidated fibrotic
tissue, with or without myxoid or keloid patterns [23, 25].

For immunohistochemistry, 4-pum-thick tissue sections were
stained using the following antibodies: CK7 (monoclonal, clone
OV-TL 12/30, Dako), MUCSAC (monoclonal, clone CLH2,
Abcam), MUC6 (monoclonal, clone CLHS5, Novocastra),
MUC2 (monoclonal, clone Ccp58, Santa Cruz Biotechnology),
CDX2 (monoclonal, clone DAK-CDX2, Dako) and CK20
(monoclonal, clone Ks20.8, Dako); in order to assess tumour
cell phenotype, for each one of the previously listed markers,
only tumours with at least 10% of immunoreactive cells were
regarded as positive, as previously reported [15, 26]. Cumulative
intestinal marker expression was defined as expression of at least
one marker among CDX2, MUC2 or CK20. In addition, protein
p53 immunohistochemistry (monoclonal, clone DO7, Dako)
was performed, and its expression was estimated as percentage
of reactive cancer cells in SBCs and as scattered or widespread
pattern in non-neoplastic tissues [2, 27].

For the assessment of mismatch repair (MMR)/MSI status,
MLH1 (monoclonal, clone ES05, Dako), MSH2 (monoclonal,
clone FE11, Dako), MSH6 (monoclonal, clone EP49, Dako)
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and PMS2 (monoclonal, clone EP51, Dako),
immunostainings were performed and tumours were evaluat-
ed as MMR-proficient or MMR-deficient/MSI. Tumours were
classified MMR-proficient when they retained the expression
of MMR proteins and MMR-deficient/MSI (absent expres-
sion) when they lost MMR nuclear staining in the totality of
neoplastic cells but not in the internal positive control (intra-
tumour or peri-tumour inflammatory cells or non-neoplastic
mucosa). Tumour-infiltrating lymphocytes (TILs) were
stained using CD3 antibody (polyclonal, Dako, Carpinteria,
CA) and quantified as previously described [3]. A tumour was
considered as having “high TIL density” when the mean num-
ber of CD3+-positive TILs per high-power field was greater
than 15.

Cancer-associated mucosae were evaluated for CK7 and
MUCSAC expression, and they were scored as positive when
at least one focus of more than five CK7-reactive or
MUCS5AC-reactive cells was found.

A central pathology review was performed by two gastro-
intestinal pathologists (AV and ES).

Statistical analysis

The distribution of biomarkers was reported as counts and
percentages, and Fisher’s exact test was used to compare them
across clinical groups. Cumulative cancer-specific survival
was plotted according to the Kaplan—Meier method. The
cause of death was identified by the treating physician and/
or from the corresponding code in the death certificate. The
follow-up extended from the date of surgery to the date of
death or last follow-up. The association of candidate prognos-
tic factors and tumour-related death was estimated by means
ofunivariable and multivariable Cox regression. Hazard ratios
(HR) and 95% confidence intervals (CI) were computed. The
following known non-collinear predictors of tumour death
were included in the multivariable model in addition to CK7
or MUCS5AC: stage, histotype and patient age at SBC diagno-
sis. Given the low number of events, no further adjustment for
confounding factors could be performed. Hazard ratios and
their 95% confidence intervals were computed. The propor-
tional hazard assumption was tested, based on Schoenfeld
residuals. A two-sided P-value <0.05 was considered statisti-
cally significant.

Results

Histology and phenotype of CrD-SBCs

CrD-SBCs were classified into morphologic histotypes (Fig.
1), as shown in Table 1. Twenty-nine cases were classified as

cohesive, including 26 glandular type, one solid-trabecular
and two solid-medullary cancers and 23 (44%) as non-

cohesive, including 11 diffuse and 12 mixed cancers, one of
which showing a predominant solid-infiltrative pattern.

Data on the expression of intestinal (CDX2, CK20 and
MUC?2) and non-intestinal markers (MUC5AC, MUC6 and
CK7) in 52 CrD-SBCs are shown in Table 1 and
Supplementary Table 1. It appears that both CK7 and
MUCSAC metaplastic markers were largely expressed in can-
cers, being present in 52% and 44% of cases, respectively,
while as many as 67% of tumours (35 cases) showed at least
one of the two markers and 29% (15 cases) both markers. Of
interest was the significantly lower expression by tumour cells
(in 9/52 cases, 17%) of MUCS6, a specific marker of pyloric
and Brunner glands. The three “canonical” intestinal markers
CDX2, CK20 and MUC2 were individually expressed by
56%, 54% and 54% of tumours, respectively, with 79% of
all cases showing at least one of such markers. Although the
expression of metaplastic or canonical markers inside the
same tumour cell or tumour area was often mutually exclu-
sive, some hybrid cells expressing both types of markers were
also found. Only a limited, non-significant association was
observed between the CK7 and MUCSAC expression by tu-
mour cells (p=0.16, Fisher’s exact test), while a significant
association was found between MUCS5AC and MUCG6 expres-
sion (p=0.003), with all but one MUCG6-positive cancers also
showing MUCS5AC reactivity. In addition, an inverse associ-
ation was noted between the expression of CDX2 and that of
CK7 (p=0.029) or MUCS5AC (p<0.001).

CK7 turned out to be more expressed among mixed-type
cancers (92%), while being significantly less expressed
among purely diffuse cancers (18%, p<0.001) and among
cohesive cancers (48%, p=0.009). A peculiarity of CK7 ex-
pression was its concentration in budding cells and in poorly
differentiated clusters at the tumour invasive front of glandular
cancers, a pattern suggesting worse behaviour [20, 28, 29].
Interestingly, 11 of the 12 mixed-type cancers also showed
prominent desmoplasia, especially in their non-glandular
component, while only 4 of the 11 purely diffuse cancers
had desmoplasia (p=0.005), which was however not seen in
the three signet-ring cell SBCs. Eight of 29 cohesive cancers
showed relevant desmoplasia, usually at the tumour-invasive
front. As a whole, considering the 23 tumours with
desmoplasia, 19 of them (83%) also showed CK7 expression
of their epithelial component.

p53 protein immunoreactivity of more than 50% of cancer
cells was found in 27 of the 52 (52%) cases (Suppl Table 1).
No significant correlation was observed with tumour histotype
(p=0.365). Tumour MSI/MMR-deficiency was detected in 10
(19%) CrD-SBCs, only 5 of which with high TIL density.

Comparison between CrD-SBC and no-PID-SBCs

Mean patient age at tumour diagnosis of the 52 CrD-SBCs
was 57.6 £12.9 years, significantly lower than that of no-
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Fig. 1 Histologic architecture and
metaplastic phenotype of CrD-
SBCs from the ileum. a A
glandular type case invading the
muscle fibres of the muscularis
propria, which shows selective
MUCSAC immunoreactivity in b.
¢ A diffuse-type cancer is
composed of small dispersed,
undifferentiated cells, partly
separated by minute desmoplasia.
d A CK7-reactive mixed cancer
shows an admixture of well-
formed glands and dissociated
cells or cell clusters infiltrating an
abundant desmoplasia. a
Haematoxylin and eosin staining,
scale bar: 150p; b MUCS5AC
immunohistochemistry, scale bar:
150p; ¢ haematoxylin-eosin
staining, scale bar: 50p; d CK7
immunoreactivity, scale bar:
150p

PID-SBC cases (69+13.4 years, p<0.001), in the absence,
however, of significant tumour stage differences (p=0.573).
Only two diffuse-type cancers occurred among no-PID-
SBCs, versus 11 among CrD-SBCs (p=0.008), while the
non-cohesive histology accounted for only 25% of no-PID-
SBC cases (Table 2) (versus 44% among CrD-SBC, p=0.046).
By comparing each other Table 1 and Table 2, it clearly ap-
pears that CrD-SBCs express more frequently CK7 (p=0.008)
and MUCSAC (p=0.044) than no-PID-SBCs. Notably, such
differences remain highly significant (p=0.004 for CK7 and
p=0.009 for MUC5AC) when the analyses were restricted to
jejunal-ileal tumours only (i.e. 50 CrD-SBCs vs 45 no-PID-
SBCs). No relevant difference was noted among the two

etiologically different tumour groups concerning cumulative
intestinal marker expression (p=0.556); however, the percent-
age of cases with CDX2 expression turned out to be signifi-
cantly lower (p=0.007) in CrD-SBCs. MUC6 was rarely
expressed in both groups.

p53 immunoreactivity of more than 50% of cancer cells
was observed in 14 (42%) of no-PID-SBC cases investigated,
without significant difference between the two groups
(»=0.371). Tumour MSI/MMR deficiency was detected in
20 (39%) no-PID-SBC cases, a significantly higher frequency
(p=0.031) than that of CrD-SBCs. In keeping with this find-
ing, a high TILs density was more frequently (p=0.023) ob-
served in no-PID-SBCs (14 cases, 70%), rather than in CrD-

Table 1 Histotype and phenotype analysis of 52 Crohn’s disease-associated small bowel carcinomas
Histotype N (%) CK7+ MUCS5AC+ MUC6+ Intestinal markers
CDX2+ Cumulative+
Cobhesive, N (%) 29/52 (56) 14/29 (48) 13/29 (45) 7/29 (24) 12/29 (56) 24/29 (83)
Non-cohesive, N (%) 23/52 (44) 13/23 (56) 10/23 (43) 2/23 (9) 12/23 (52) 17/23 (74)
Diffuse, N (%) 11/52 (21) 2/11 (18) 3/11 27) 0/11 (0) 7/11 (64) 9/11 (82)
Mixed, N (%) 12/52 (23) 11/12 (92)* 7/12 (58) 2/12 (17) 5/12 (42) 8/12 (67)
Total, N (%) 52/52 (100) 27/52 (52) 23/52 (44) 9/52 (17)° 29/52 (56) 41/52 (79)

All markers were scored as positive if >10% of tumour cells were stained. For cumulative intestinal markers, expression of at least one marker among

CDX2, MUC2 or CK20 was considered

*Significant difference in CK7 expression versus diffuse (p<0.001) and cohesive (p= 0.009) histotype
§No significant association with MUCSAC (p=0.16) or MUCG6 (p=0.141) expression
°MUCG6 expression was significantly less frequent (p<0.001) than that of CK7 or MUCS5AC, while being associated (p=0.003) with MUCSAC

expression
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Table 2  Histotype and phenotype analysis of no-PID-associated small bowel carcinomas
Histotype N (%) CK7+ MUCSAC+ MUC6+ Intestinal markers
CDX2+ Cumulative+
Cohesive, N (%) 38/51 (75) 6/38 (16) 6/38 (16) 3/23 (13) 32/38 (84) 36/38 (95)
Non-cohesive, N (%) 13/51 (25)* 7/13 (54) 6/13 (46) 1/10 (10) 9/13 (69) 10/13 (77)
Diffuse, N (%) 2/51 (4)#* 1/2 (50) 0/2 (0) 1/2 (50) 2/2 (100) 2/2 (100)
Mixed, N (%) 11/51 1) 6/11 (54) 6/11 (54) 0/8 (0) 7/11 (64) 8/11 (73)
Total, N (%) 51/51 (100) 13/51 (25)° 12/51 (24)% 4/33 (12) 41/51 (80)* 46/51 (90)*#

All markers were scored as positive if >10% of tumour cells were stained. For cumulative intestinal markers, expression of at least one marker among
CDX2, MUC2 or CK20 was considered. Only 33 no-PID-SBCs were tested for MUCG6, due to depletion of sufficient representative tumour sections

*Significant difference in non-cohesive histotype prevalence versus Crohn’s disease associated-small bowel carcinomas (CrD-SBCs) (p=0.046)

**Significant difference in diffuse histotype versus CrD-SBCs (p=0.008)
§Significant difference in CK7 expression versus CrD-SBCs (p= 0.008)

§§Significant difference in MUCSAC expression versus CrD-SBCs (p=0.044)

#Significant difference in CDX2 expression versus CrD-SBCs (p=0.007)

#No significant difference in cumulative intestinal marker expression versus CrD-SBCs (p=0.556)

SBCs. Furthermore, in no-PID-SBCs only, an inverse corre-
lation (p=0.01) was found between widespread p53 expres-
sion and MSI status.

CrD-SBC and no-PID-SBC-associated non-neoplastic
mucosa

Metaplastic lesions

In addition to conventional dysplastic lesions with well-
known histology [1-7], CrD-SBC-associated mucosa showed
MUC6-reactive well-differentiated pyloric-type glands, usual-
ly detected in the deeper mucosa, MUCS5AC-reactive
foveolar-type foci and CK7-reactive epithelial foci, scattered
at various mucosal levels, with preference for ulcer borders
and related regenerative epithelia (Fig. 2). Both CK7- and
MUCSAC-reactive epithelia were significantly more frequent
in non-neoplastic mucosae of CrD-SBC cases, in comparison
with those of no-PID-SBCs (70% versus 19%, p<0.001, for
CK7, and 59% versus 21%, p<0.001 for MUCSAC). CK7 and
MUCSAC were frequently expressed by the same mucosa (24
out of 46 cases, 52%) and often associated with focal loss of
intestinal markers. Such metaplastic foci were more frequently
observed in juxta-tumoural areas, where patterns suggestive
for direct transition to neoplasia of the same phenotype, as
well as more atypical CK7-positive foci, with buttons or cords
of non-polarized and crowded cells with large nuclei and
prominent nucleoli, were occasionally identified. In addition,
CK7-positive ductular-type structures unrelated to adjacent
intestinal crypts or villi and lacking signs of cellular differen-
tiation were identified. On the other hand, MUCG6-positive
pyloric-type glands, which usually showed a well-
differentiated mucin-rich pattern lacking atypical changes,

were as a rule CK7-negative, and most of them were
MUCSAC-negative.

A detailed analysis of CK7 distribution among the non-
neoplastic mucosa associated with CrD-SBCs or non-PID-
SBCs is outlined in Table 3. It emerged that (i) CK7 was more
frequently expressed by CrD-SBC mucosae in comparison
with no-PID-SBC mucosa (p<0.001) and (ii) a highly signif-
icant (p<0.001) association existed between CK7 expression
by CrD-SBCs and their respective mucosae, while such an
association was lacking among no-PID-SBC cases. No
CK7-reactive foci were observed in histologically normal
jejunal-ileal mucosa from tumour-free sections of no-PID
patients.

Non-conventional background lesions

While searching for metaplastic changes in CrD-SBC juxta-
tumour mucosa, we observed several non-conventional le-
sions, often forming papillary-to-polypoid protrusions, with
either mucinous or columnar eosinophilic cell differentiation.
Direct continuity of such non-conventional, hyperplasia-like
and mildly atypical lesions with cancer, without interposition
of conventional adenomatous dysplasia, was ascertained in
seven of the 46 cases investigated for this purpose. All, but
one, cancers showed glandular histology and all, but two,
strong and widespread (>50% of cells) p53 reactivity, while
the precursor component lacked frank, conventional
(adenomatous) dysplasia and showed only scattered p53 reac-
tivity (Supplementary Fig. 1). CK7 and/or MUCSAC reactiv-
ity was found in 3 out of such 6 glandular cases.
Interestingly, a diffuse-type, signet ring cell cancer
(MUC2-positive and p53-negative) was covered by a
MUC2-reactive “hypermucinous” non-conventional lesion
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Fig. 2 CrD-SBC-associated mucosa. a A single CK7-reactive ductular-
like structure lacking topographic connection with, and differentiation
signs towards, surrounding crypts. b A CK7-positive stratified button of
unpolarized cells, lacking signs of cellular differentiation, abruptly
interrupts the apparently normal epithelium of a villus. ¢ CK7-reactive
intra-epithelial cords and buttons of non-polarized, crowded cells with
large nuclei and prominent nucleoli, up to frankly dysplastic foci
(enlarged in d). e A diffusely CK7-reactive, perturbed metaplastic

(Supplementary Fig. 2) resembling those described by
Andersen and coworkers [30] in the colon of ulcerative colitis

epithelium (in the upper left corner) with patterns suggestive for
seamless transition to an atypical epithelial button (in the upper right
corner) and to a glandular-type invasive cancer (in the bottom right). f
An extensive superficial foveolar-type (MUCSAC-positive) lesion covers
an underlying invasive cancer, also reactive, although less intensely, for
MUCSAC. a—e Cytokeratin 7 immunohistochemistry, scale bars for a, ¢,
e: 150p; scale bar for b: 50u; scale bar for d: 20u; f MUCS5AC
immunohistochemistry, scale bar: 500

patients (even though a serrated pattern was absent in our
case).

Table 3 Comparison of

cytokeratin 7 expression in A. CrD-SBCs (p<0.001)

B. No-PID-SBCs (p=1)

Crohn’s disease-associated and

non-immune-inflammatory Mucosa+ Mucosa Total Mucosa+ Mucosa Total
bowel disease-associated small - -
bowel carcinomas with their
adjacent non-tumour mucosa Cancer + 24 2 26 Cancer + 1 8 9
Cancer — 8 12 20 Cancer — 27 34
Total 32 14 46 Total 8 35 43

A high correlation (p<0.001) was found in CrD patients between CK7 expression by cancer and by adjacent
mucosa; a correlation not found in no-PID patients
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No non-conventional type growths comparable to those of
CrD-SBC cases were seen in no-PID-SBC-associated
mucosa.

CrD-SBC patient survival

CrD-SBC patients were followed up for a median of 84.9
months (25th—75th: 31-121 months). Patients with CrD-
SBC positive for CK7 had significantly worse cancer-
specific survival compared to those with CrD-SBC negative
for CK7 (HR: 2.72, 95% CI: 1.20-6.17, p=0.016; Fig. 3a),
which was confirmed at stage-inclusive bivariable analysis
(HR: 2.78,95% CI: 1.21-6.38, p=0.016). At univariable anal-
ysis, MUCS5AC-reactive cases also showed an association
with a worse prognosis (HR 2.28, 95% CI: 1.04-5.04,
p=0.038) (Fig. 3b). In addition, CrD-SBC patients with co-
expression of MUCSAC and CK7 by the cancer (15 cases)
featured a worse prognosis in comparison with those negative
for both markers (17 cases) or with expression of either
MUCSAC or CK7 (20 cases) (Fig. 3c).

The expression of at least one of the intestinal markers
(CDX2, MUC2 or CK20) showed no significant correlation with
patient survival (p=0.35). However, CDX2 expression alone was
found to correlate with better overall survival (HR: 0.30, 95% CI:
0.13-0.68, p=0.004; Fig. 3d), although it lost prognostic power at
stage-inclusive bivariable analysis (p=0.053). When CK7 and
CDX2 expressions were combined, patients with CK7-positive
and CDX2-negative tumours showed the worst outcome, while
patients with CK7-negative and CDX2-positive tumours showed
the best survival, with intermediate figures for the double-positive
or double-negative tumours (Fig. 3e). None of the remaining
markers tested, including MUC6 and p53, was significantly as-
sociated with patient survival.

An association of tumour non-cohesive histotype with
worse patient survival was also observed (HR: 5.0, 95% CI:
1.82-10, p=0.001; Fig. 3f) and confirmed at stage-inclusive
bivariable analysis (p=0.009), whereas MMR-d was not asso-
ciated with patient cancer-specific survival (HR: 0.65, 95%
CIL: 0.22-1.92; p=0.434).

Importantly, a multivariable analysis including tumour CK7
(positive versus negative), histotype (cohesive versus non-co-
hesive), stage (I+1I versus III+IV) and patient age at diagnosis
showed an independent prognostic power for each of the four
parameters (Table 4). MUCS5AC, when included in the same
model in place of CK7, lost predictive power of cancer-specific
survival (HR 1.20, 95% CI: 0.49-2.91, p=0.692).

Discussion

In this study, we found that two non-intestinal markers, i.e.
CK7 and MUCSAC, were expressed at significantly higher
percentages in both tumour tissue and associated mucosa of

CrD-SBC cases compared to ordinary no-PID-SBC cases.
This finding, in addition to a significant increase among
CrD-SBCs of the non-cohesive histotype and a lack of CK7
and MUCSAC expression in histologically normal ileal mu-
cosa, suggests that a distinctive carcinogenic process plays a
role in a relevant fraction of CrD-SBC cases. This hypothesis
is reinforced by the highly significant association of CK7 ex-
pression between tumour tissue and respective mucosa, an
association lacking in no-PID-SBC cases, as well as by
the occasional finding of direct topographic continuity
between CK7 and/or MUCSAC-positive mucosal lesions
and the invasive cancers of the same phenotype, which
we identified in some CrD-SBC cases. The additional
observation that tumour CK7 positivity was an indepen-
dent adverse prognostic factor points to some mecha-
nism underlying the metaplastic growth which may fa-
vour both tumour development and progression.

Metaplastic changes of gastric type, with special reference
to MUC6-positive “pyloric” glands, have long been reported
in Crohn’s disease intestinal mucosa [10, 11]. While
confirming this finding in non-neoplastic mucosa of CrD-
SBCs cases, we found limited expression of MUC6 in corre-
sponding cancer tissue and a lack of MUC6 prognostic influ-
ence, two observations rendering unlikely a significant contri-
bution of MUC6-positive pyloric-type differentiation to CrD-
SBC natural history. On the other hand, the involvement of
the gastric foveolar cell marker MUCSAC is suggested by its
high expression in both CrD-SBCs and nearby mucosa and by
its association with worse patient outcome, in keeping with
previous findings by others in SBC patients as a whole [31] or
in the ampullary [32] and non-ampullary duodenal cancer pa-
tients [33].

CrD-SBC patient survival analysis highlighted an impor-
tant prognostic influence of CK7-positive metaplastic pheno-
type. In particular, we found a significant association between
CK7 expression by SBC and worse patient survival, which
was confirmed at multivariable analysis inclusive of patient
age, stage and histotype. Present findings suggesting a rela-
tionship between CK7 expression and CrD-SBC progression
fit with previous observations on SBC as a whole [26] and on
colorectal cancers [34, 35], where poor tumour differentiation,
high tumour budding and increased invasive and metastatic
potential were frequently observed in CK7-expressing can-
cers. No information is presently available on possible mech-
anisms involved in such tumour behaviour. Of interest is our
finding of prominent desmoplasia associated with CK7-
positive (especially mixed type) invasive cancers, as cancer
desmoplasia and/or “mesenchymal” molecular subtype have
been linked to worse prognosis in several digestive cancers,
including gastric [36], pancreatic [37] and intestinal cancers
[23, 25, 38—40]. Based on our findings, the MSI hyper-
immune subtype, of known better prognostic value among
various gastrointestinal cancers, including SBCs, [22-24]
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a Kaplan Meier survival estimate, by CK7 [CrD SBC]

b Kaplan Meier survival estimate, by MUC5AC [CrD SBC]
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Fig.3 Kaplan-Meier survival estimates of CrD-SBC patients by CK7 (a),
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MUCS5AC (b), combination of CK7 and MUCS5AC (¢), CDX2 (d),
combination of CDX2 and CK7 (e) and cohesive versus non-cohesive
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Table 4 Multivariable survival analysis of the 52 Crohn’s disease-
associated small bowel carcinoma cases

Variable Multivariable analysis*

HR (95% CI) P-value
CK7+ (vs CK7-) 2.39 (1.02-5.58) 0.044
Cohesive histotype (vs non-cohesive) 0.20 (0.07-0.56) 0.002
Stage TII/IV (vs I/IT) 3.90 (1.53-9.92) 0.004
Age at cancer diagnosis (continuous) 1.05 (1.01-1.09) 0.019

*Multivariable model: p<0.001; Harrell’s C=0.8377
CK7 cytokeratin 7, CI confidence interval, HR hazard ratio

appears to be less represented and without prognostic rele-
vance among CrD-SBCs.

In both CrD-SBCs and associated mucosa, metaplastic marker
expression was commonly associated with loss of canonical in-
testinal markers, with special reference to the CDX2 transcription
factor. This seems interesting as, in keeping with previous find-
ings on gastrointestinal cancers, including SBCs as a whole [17,
41, 42], we found that CDX2 predicts improved patient survival.
Although in the present CrD-SBC series it failed to remain sig-
nificant at multivariable analysis due to collinearity with stage
and histotype, this survival influence of CDX2 expression should
be considered in light of the crucial role played by CDX2 in
intestinal epithelium differentiation and metaplastic lineage de-
velopment. Indeed, it has been recently shown in vitro by
Simmini and coworkers [43] that loss of CDX2 expression alone
is enough to transform intestinal stem cells into gastric lineages.
Thus, the foci of CDX2 expression loss we found in ileal mucosa
of Crohn’s patients might well be a starting point for the meta-
plastic changes occurring in vivo in this disease, either of gastric
type (of pyloric, foveolar or their common precursor lineage) or
of non-gastric CK7-expressing type. In this respect, the role of
CK7 as a marker of gut foetal, embryonic or pluripotent stem
cells [44-46] should also be considered, in addition to its expres-
sion by adult epithelia, such as pancreatobiliary ducts. More work
on the mechanisms underlying small bowel Crohn-related meta-
plastic changes is certainly needed; however, their apparent rele-
vance for both origin and progression of associated cancers seems
worth additional investigation, also considering the putative role
played by CK7 in other gastrointestinal diseases, such as Barrett’s
oesophagus [47, 48], a known metaplastic carcinogenic lesion,
and colorectal cancer [34, 35].

In addition to classic/conventional dysplastic lesions [1-7],
several “non-conventional” atypical lesions or growths have
been reported to be associated with (and likely precede) cancer
development in IBDs of both large and small intestine [12, 19,
30, 49, 50]. We also found such lesions in the mucosa over-
lying or adjacent to CrD-SBC; indeed, in seven cases, these
were in direct continuity with cancer tissue and sometimes
with patterns suggestive of direct transition. Thus, despite

their polymorphic histology, incompletely defined diagnostic
criteria and substantial lack of frank dysplasia, a role for such
atypical, non-conventional lesions in the histogenesis of some
CrD-SBCs seems likely.

In conclusion, our fairly large retrospective CrD-SBC se-
ries showed important heterogeneity of histologic structure
and tumour cell phenotype, also paralleled in part by a poly-
morphism of mucosal precancerous changes. Among the lat-
ter, in addition to classic (conventional) dysplasia, CK7-pos-
itive and MUC5AC-positive metaplastic lesions, on one hand,
and non-conventional, atypical growths, on the other hand,
may have a role in Crohn’s disease-promoted cancer histogen-
esis. In addition, tumour CK7-positive metaplastic phenotype
and non-cohesive histotype were both found to predict CrD-
SBC patient adverse prognosis. These findings, besides sug-
gesting a distinctive CrD-SBC natural history, are worth con-
sidering in future prospective and endoscopic/bioptic studies
aiming to gain diagnosis of early tumourigenic lesions, as well
as in attempts to provide more appropriate and patient-
personalized treatments [22, 42, 51].

Abbreviations CI, confidence interval; CrD-SBC, Crohn’s disease-
associated small bowel carcinoma; CK7, cytokeratin 7; CK20,
cytokeratin 20; HR, hazard ratio; IBD, inflammatory bowel disease;
MMR, mismatch repair; MSI, microsatellite instability; no-PID-SBC,
small bowel carcinoma arisen sporadically without tumour predisposing
immune-inflammatory disease; SBC, small bowel carcinoma; TIL, tu-
mour-infiltrating lymphocytes; UACL, ulcer-associated lineage
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