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Abstract

Background and Aims: An increased risk of small bowel carcinoma [SBC] has been reported
in coeliac disease [CD] and Crohn’s disease [CrD]. We explored clinico-pathological, molecular,
and prognostic features of CD-associated SBC [CD-SBC] and CrD-associated SBC [CrD-SBC] in
comparison with sporadic SBC [spo-SBC].

Methods: A total of 76 patients undergoing surgical resection for non-familial SBC [26 CD-SBC,
25 CrD-SBC, 25 spo-SBC] were retrospectively enrolled to investigate patients’ survival and
histological and molecular features including microsatellite instability [MSI] and KRAS/NRAS,
BRAF, PIK3CA, TP53, HER2 gene alterations.

Results: CD-SBC showed a significantly better sex-, age-, and stage-adjusted overall and cancer-
specific survival than CrD-SBC, whereas no significant difference was found between spo-SBC
and either CD-SBC or CrD-SBC. CD-SBC exhibited a significantly higher rate of MSI and median
tumour-infiltrating lymphocytes [TIL] than CrD-SBC and spo-SBC. Among the whole SBC series,
both MSI—which was the result of MLH1 promoter methylation in all but one cases—and high TIL
density were associated with improved survival at univariable and stage-inclusive multivariable
analysis. However, only TILs retained prognostic power when clinical subgroups were added to
the multivariable model. KRAS mutation and HER2 amplification were detected in 30% and 7% of
cases, respectively, without prognostic implications.

Conclusions: In comparison with CrD-SBC, CD-SBC patients harbour MSI and high TILs more
frequently and show better outcome. This seems mainly due to their higher TIL density, which at
multivariable analysis showed an independent prognostic value. MSI/TIL status, KRAS mutations
and HERZ2 amplification might help in stratifying patients for targeted anti-cancer therapy.

Key Words: Inflammatory bowel disease; microsatellite instability; MLH17 promoter methylation; tumour-infiltrating lymphocytes;
survival

1. Introduction

Carcinomas of the small bowel [SBC] are relatively rare cancers; their
incidence is, however, increasing."> Compared with colorectal can-
cer, SBC diagnosis remains a challenge despite significant progress in
imaging and endoscopy, and SBC exhibit worse prognosis.? Although
SBCare often sporadic,a number of predisposing conditions including
hereditary syndromes—familial adenomatous polyposis, Lynch syn-
drome, and Peutz-Jeghers syndrome—and immune-mediated intesti-
nal disorders—coeliac disease [CD] and Crohn’s disease [CrD] —have
been identified.*

In CD, which is a chronic enteropathy induced in genetically
susceptible individuals by gluten ingestion,” SBC risk has been

estimated to be 14-fold higher than that of the general population.®
In CrD, which is a relapsing transmural inflammatory bowel disease
[IBD] resulting from an inappropriate immune response to com-
mensal microrganisms, SBC risk is 33-fold higher.” However, infor-
mation concerning SBC associated with the two aforementioned
disorders, especially in the case of CD, is limited to a few small
series or case reports,*'? and both the histological features and the
molecular landscape are largely unknown. SBC associated with CD
[CD-SBC] were reported to harbour a high incidence of mismatch
repair [MMR] deficiency®'® and to follow the CpG island methyla-
tor-microsatellite instability [MSI] pathway.!? In contrast, MSI has
rarely been observed in SBC associated with CrD [CrD-SBC].!"
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On this basis we aimed to comparatively assess survival, together
with histopathological, molecular, and prognostic features, of SBC
in a relatively large multicentre collection of patients with sporadic
SBC and SBC associated with either CD or CrD.

2. Methods

2.1. Patients

This retrospective study included 51 patients with pathologically
confirmed primary non-familial, non-ampullary SBC associated with
either CD [n# = 26] or CrD [n = 25], who had surgical resection
and complete survival data from 20 tertiary referral Italian coeliac
and/or IBD centres participating in the Small Bowel Cancer Italian
Consortium, i.e. Pavia [Coordinating Centre], Aviano, Bologna,
Brescia, Cagliari, Firenze, Genova, I’Aquila, Modena, Milano-Ca’
Granda, Milano-Sacco, Napoli, Padova, Palermo-Cervello, Palermo-
Giaccone, Roma-S. Filippo Neri, Roma-Tor Vergata, Roma-Umberto
I, Roma S. Eugenio, Torino.

Demographic and clinical data of CD and CrD patients are
reported in Table 1 and Table 2, respectively. CD diagnosis was based
on serum IgA anti-endomysial and anti-tissue transglutaminase anti-
body positivity associated with typical duodenal histopathologi-
cal lesions [Marsh type 3].° In five cases [19%], CD diagnosis was
concomitant with that of SBC. The remaining 21 cases were under
a strict gluten free-diet at SBC diagnosis except for three patients
with poor compliance. Only one of 26 CD patients was diagnosed
as refractory CD type 1.

CrD diagnosis was ascertained according to the usual clinical
criteria,'® and the site and extent of the disease were confirmed by
endoscopy, histology, and imaging. In three patients [12%], CrD
diagnosis was simultaneous with that of SBC. Sixteen out of 25 CrD
patients [64%] had fibro-stenosing disease, five [20%] were predom-
inantly inflammatory, and four [16%] had penetrating behaviour at
SBC diagnosis. Only four CrD patients were under immunomodula-
tory therapy.

Twenty-five patients with sporadic SBC [spo-SBC], i.e. without
a concomitant intestinal immune-mediated disorder, were included
as a control group. In spo-SBC, CD was excluded [serum IgA anti-
endomysial and anti-tissue transglutaminase antibody negativity
with normal serum total IgA], and CrD was ruled out by the absence
of classic clinical and biochemical features. Re-examination of the
sporadic surgical specimens further confirmed the lack of histo-
logical lesions indicative of either CD or CrD. The main exclusion
criteria for all SBC subgroups were Lynch syndrome, Peutz-Jeghers
syndrome, familial adenomatous polyposis, and juvenile polyposis.
These hereditary syndromes were excluded in all cases by negative
family and personal history, colonoscopy, and histological evalua-
tion of the surgical specimens, and, in MSI SBC cases, by the pres-
ence of MLH1 promoter methylation as well.

This study was approved by the Ethics Committee of the San
Matteo Hospital Foundation of Pavia.

2.2. Histology and immunohistochemistry

Tissue samples were fixed in 4% formaldehyde and processed in par-
affin wax; 4-um-thick sections were stained with haematoxylin and
eosin [H&E] for morphological evaluation. All cases were investi-
gated for histological type and grade, according to the World Health
Organization [WHO)] classification,'* lymphovascular invasion, and
all the parameters required to fulfil the criteria of the American Joint
Committee on Cancer [AJCC] staging system.!” For immunohisto-
chemistry, 4-um-thick sections were incubated at 4°C for 18-20 h with

the following antibodies: CD3 [polyclonal, Dako, Carpinteria, CA],
CD8 [polyclonal, Dako], MLH1 [monoclonal, clone ESOS5, Dako],
MSH2 [monoclonal, clone FE11, Dako], MSH6 [monoclonal, clone
EP49, Dako], PMS2 [monoclonal, clone EP51, Dako], pS3 [mono-
clonal, clone DO7, Dako], HER2 [monoclonal, Leica Biosystem,
Newcastle, UK], and PD-L1 [monoclonal, clone E1IL3N, Cell Signaling
Technology, Danvers, MA]. Immunoreactions were developed using
0.03% 3,3’ diaminobenzidine tetrahydrochloride and sections were
then counterstained with Harris’ haematoxylin. Tumour-infiltrating
lymphocytes [TILs] were stained using CD3 and CD$ antibodies and
counted in 10 consecutive high-power fields [HPFs], selecting areas
containing the maximum number of neoplastic cells with minimal
reactive stroma and necrosis and evaluating only lymphocytes in
direct contact with tumour cells, i.e. ‘intraepithelial’ TILs. A tumour
was also classified as having ‘high TIL density’ when the mean num-
ber of TILs per HPF was greater than 15 for CD3 or greater than
9.5 for CD8.'* Immunostaining of MMR proteins [MLH1, MSH2,
MSHS6, and PMS2] in tumour cells was evaluated as positive [retained
expression| or negative [absent expression]; only tumours showing
absence of nuclear staining of all neoplastic cells in the presence of
an internal positive control [intra-tumour stromal and inflammatory
cells or non-tumour mucosa] were considered negative. Carcinomas
were considered p53-positive when more than 50% of tumour cells
showed strong nuclear p53 immunoreactivity, in line with previous
studies.'” Scoring of HER2 immunostaining was conducted according
to published criteria for gastric cancer.!® A central pathology review
was performed by two surgical pathologists specialised in gastrointes-
tinal pathology [AV and ES].

2.3. Microsatellite instability analysis

Tumour DNA was obtained from formalin-fixed and paraffin-
embedded tissues using three representative 8-pum-thick sections of
tumour samples. DNA was extracted after manual microdissection
using a QIAamp DNA FFPE tissue kit according to the manufac-
turer’s protocol [Qiagen, Hilden, Germany]. MSI analysis was per-
formed using a pentaplex panel of monomorphic mononucleotide
repeats [BAT2S, BAT26, NR-21, NR-22, and NR-24].1"

2.4. MLH1 methylation analysis

MLH1 methylation status was examined by pyrosequencing in SBC
cases exhibiting loss of MLH1 immunohistochemical expression.
Bisulphite modification of genomic DNA [300 ng] was performed
with the EZ DNA Methylation-Gold™ Kit [Zymo Research, Irvine,
CA] according to the manufacturer’s recommendations. A region
of 84 nucleotides inside the Deng C-region of MLHI promoter®
was analysed by pyrosequencing according to the protocol previ-
ously reported.?’ Analytical sensitivity and linearity of the assay
were assessed using a serial dilution of fully methylated DNA and
unmethylated DNA [Chemicon International Inc., Billerica, MA].
A sample was classified as methylated when the mean of all the five
cytosines was greater than 8%. Mono- or bi-allelic methylations of
the MLH1 promoter were also validated by MS-MLPA using the
SALSA MS-MLPA ME011 MMR kit [MRC-Holland, Amsterdam,
The Netherlands]. MS-MLPA analysis was performed according to
the manufacturer’s recommendations and a methylation ratio was
calculated using Coffalyser V7 software [MRC Holland].

2.5. Gene mutation analysis

Mutation analysis of KRAS, NRAS, BRAF, and PIK3CA genes
was performed using the Sequenom MassARRAY system [Diatech
Pharmacogenetics, Jesi, Italy], based on matrix-assisted laser
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desorption/ionisation time-of-flight mass spectrometry, together
with the Myriapod Colon Status Kit [Diatech Pharmacogenetics].
This kit includes a series of multiplexed assays designed to interro-
gate a total of 153 non-synonymous hotspot mutations in the four
genes. DNA amplification was done in a 5-pl reaction mixture con-
taining 10-20 ng of tumour DNA. Poly merase chain reaction [PCR],
shrimp alkaline phosphatase reaction and single base pair extension
steps were carried out following the protocols provided by Diatech
Pharmacogenetics. Completed genotyping reactions were spotted
in nanolitre volumes onto a matrix-arrayed silicon SpectroCHIP
with 96 elements using the MassARRAY Nanodispenser [Diatech
Pharmacogenetics]. SpectroCHIP was analysed using the Sequenom
MassARRAYs Analyzer 4 spectrometer and the spectra were pro-
cessed by the MassARRAY Typer Analyzer 4.0 software [Diatech
Pharmacogenetics]. All automated system mutation calls were con-
firmed by manual review of the spectra. We investigated TP53 muta-
tions at exons 5-8 which correspond to the core domain involved
in protein-protein interaction [tetramerisation] and in binding to
DNA, and represent the region where the vast majority of TP53
mutations are detected. Briefly, exons 5-8 were amplified by PCR
using sets of primers reported in IARC TP53 database tools [http://
pS3.iarc.fr/ProtocolsAndTools.aspx]. In detail, we used primer
pairs that amplify small [poor DNA quality] fragments [TARC code:
P-312 and P-271 for exon 5; P-239 and P-240 for exon 6; P-237
and P-238 for exon 7; P-316 and P-319 for exon 8]. PCR prod-
ucts were subjected to automated sequencing by ABI PRISM 310
[Applied Biosystems, Foster City, CA]. All mutated cases were con-
firmed at least twice, starting from independent PCR reactions. In
each case, the detected mutation was confirmed in the sequence as
sense and antisense strands. All molecular analyses were performed
at a central laboratory [Insubria University Molecular Pathology
Laboratory, Varese, Italy].

2.6. Fluorescent in situ hybridisation

HER?2 amplification by fluorescent in situ hybridisation [FISH]
was performed with a PathVysion HER-2 DNA probe Kit [Abbott
Laboratories, Des Plaines, IL] in SBC cases showing equivocal
[weak-to-moderate, 2+] or positive [intense, 3+], circumferential,
basolateral or lateral HER2 immunoreactivity in at least 10% of
tumour cells. The HER2 amplification scoring was performed by
counting HER2 and CEN17 signals from 40 to 100 nuclei/tissue
sample. Non-tumour [normal small bowel] mucosa was used as
internal negative control. Samples with a HER2/CEN17 ratio >
2.0, or ratio < 2 with > 10% of neoplastic cells showing HER2 > 6
signals/nuclei, or presence of a pattern of HER2 signals in clusters,
were considered amplified.

2.7. Statistical analysis

This is a retrospective, longitudinal study. The follow-up extended
from the date of surgery to the date of death or last follow-up.
Descriptive statistics were computed as median and 25th-75th per-
centiles for continuous variables and as counts and percentages for
categorical variables. Median follow-up and its interquartile range
[25th-75th] were computed by means of the inverse Kaplan-Meier
method. The Kruskal-Wallis test and Fisher’s exact test were used to
compare continuous and categorical variables, respectively, between
types of neoplasms. Cumulative survival was plotted according to
the Kaplan-Meier method. Death rates per 100 person-years (95%
confidence interval [CI]) were also computed as summary measures.
The association between candidate prognostic factors and tumour

death was estimated by means of Cox regression. Multivariable
models including non-collinear variables with P < 0.1 at univari-
able analysis were fitted. Model discrimination was assessed with
the Harrell’s ¢ statistic [the closer to 1, the better] and calibration
with the shrinkage coefficient [the closer to 1, the better]. Hazard
ratios [HR] and their 95% confidence intervals [95% CI| were
computed. The proportional hazard assumption was tested, based
on Schoenfeld residuals. A two-sided P-value < 0.05 was considered
statistically significant. For post hoc comparisons, Bonferroni cor-
rection applies. Stata 14.1 [StataCorp., College Station, TX] was
used for computation.

3. Results

In total, we analysed a cohort of 76 patients, 26 with CD-SBC, 25
with CrD-SBC, and 25 with spo-SBC [Table 3]. Median age at the
time of cancer diagnosis among the CD-SBC subgroup was signifi-
cantly lower than among the spo-SBC patients, and median dura-
tion of intestinal disease at SBC diagnosis was significantly lower
in CD-SBC in comparison with CrD-SBC. A higher proportion of
females was found in CD-SBC in comparison with the other two
subgroups, although the difference did not reach statistical signifi-
cance. As expected, the most common small bowel subsite was the
ileum for CrD-SBC, whereas in both CD-SBC and spo-SBC it was
the jejunum. No significant difference was observed among the three
subgroups in terms of stage and presence of local lymph nodes or
distant metastases. SBC diagnosis was suspected or obtained pre-
operatively in all CD-SBC and spo-SBC patients, in contrast to only
seven of 25 CrD-SBC cases [28%]. Nevertheless, the proportion of
SBC patients in stage I-Il with more than seven lymph nodes assessed
was comparable between the three subgroups.

Patients were followed-up for a median of 71 months [25t"-75t%
IQR: range 30-123]. Overall survival curves in Figure 1A show the
prognostic effect of the clinical subgroup at univariable analysis.
A significantly worse overall survival was observed in CrD-SBC in
comparison with CD-SBC [HR 6.29,95% CI2.10-18.85,p = 0.003]
but not to spo-SBC [HR 1.75, 95% CI, 0.68-4.54, p = 0.460].
Spo-SBC showed a trend for worse overall survival in comparison
with CD-SBC, although the difference did not reach statistical sig-
nificance [HR 3.59, 95% CI 0.88-14.57, p = 0.087] [Figure 1A].
Median survival was 28 months for CrD-SBC and 72 months for
spo-SBC, but it was not evaluable for CD-SBC as the cumulative
survival was > 50%. Five-year overall survival rates were 83% [95%
CI, 61-93], 38% [95% CI, 18-58], and 54% [95% CI, 29-73] for
CD-SBC, CrD-SBC, and spo-SBC, respectively. No survival differ-
ence was found between CrD patients under immunomodulatory
therapy or untreated patients [p = 0.581]. Stage I-II patients showed
a significantly better overall survival in comparison with stage III-IV
cases at univariable analysis [Supplementary Figure 1, available as
Supplementary data at ECCO-JCC online]. Stage-, age,- and sex-
adjusted multivariable analysis confirmed the significant prognostic
power of both the clinical subgroup and the stage [Table 4, model 1].
Cancer-specific survival was significantly worse in CrD-SBC in com-
parison with CD-SBC [HR 5.65, 95% CI 1.86-17.18, p = 0.007]
but not to spo-SBC [HR 1.56, 95% CI 0.59-4.17, p = 0.829]. Spo-
SBC patients showed a trend towards a worse cancer-specific sur-
vival in comparison with CD-SBC cases, although the difference
did not reach statistical significance [HR 3.64, 95% CI 1.16-11.46,
p = 0.082, after Bonferroni correction].

Tumour WHO histotype and grade, as well as lymphovascular
invasion, showed neither significant difference among the three
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Table 3. Demographic and clinico-pathological features of all 76 small bowel carcinoma patients

CD-SBC CrD-SBC Spo-SBC Overall p-value ~ p-Value among subgroups*
Number 26 25 25
Age at SBC diagnosis, 53 [42-66] 59 [54-69] 65 [62-72] 0.004 CD vs CrD: 0.102
median [25th-75" IQR], yrs CD vs Spo: 0.005
CrD vs Spo :0.491
Duration of intestinal disorder at SBC 17 [5-60] 156 [3-288] NA 0.024
diagnosis, median [25th-75% IQR], mo
Female, N [%] 16 [62%] 9[36%] 8 [32%] 0.074
Site, N [%] <0.001
Duodenum 6 [23%] 1[4%)] 2 [8%] CD vs CrD: < 0.001
Jejunum 17 [65%] 1[4%] 18 [72%] CD vs Spo: 0.367
Ileum 3[12%] 23 [92%] 5[20%] CrD vs Spo: < 0.001
Stage, N [%] 0.588
I 3[11%] 3[12%] 1 [4%]
II 14 [54%] 9[36%] 13 [72%]
I 6[23%] 8 [32%] 9 [36%]
v 2 [8%] 5[20%] 2 [8%]
NA® 1 [4%] 0 0
Local lymph node metastases, N [%] 8 [32%)] 13 [52%] 11 [46%] 0.358
Distant metastases, N [%] 2 [8%] 5120%] 2 [8%] 0.446
Histological type, N [%] 0.343
Medullary CA 4 [15%] 1[4%)] 1 [4%]
ADCA/usual 19 [73%] 19 [76%] 19 [76%]
ADCA/mucinous 1 [4%] 0 3[12%]
ADCA/signet ring cell 2 [8%] 5120%] 2 [8%]
Histological grade, N [%] 0.197
Low grade [G1-G2] 15 [58%] 13 [52%] 19 [76%]|
High grade [G3-G4] 11 [42%] 12 [48%] 6 [24%]
Lymphovascular invasion, N [%] 17 [65%] 20 [80%] 13 [52%] 0.111
CD3+ TIL/HPE, median [25th-75th IQR] 23.7 [7.9-65.8] 3.3[1.7-7.0] 5.5[1.4-19.9] < 0.001 CD vs CrD: < 0.001
CD vs Spo: 0.002
CrD vs Spo: 0.528
CD8+ TIL /HPE, median [25th-75th IQR] 18.6 [5.7-43.1] 1.0 [0.5-6.0] 4.0 [1.7-22.8] < 0.001 CD vs CrD: < 0.001

CD vs Spo: 0.020
CrD vs Spo: 0.053

aIn one CD-SBC patient [case 24 in Table 1], who presented with a locally advanced cancer and died 12 months after surgery, incomplete data regarding lymph

node status precluded assigning an AJCC stage.

ADCA, adenocarcinoma; CA, carcinoma; CD-SBC, coeliac disease-associated small bowel carcinoma; CrD-SBC, Crohn’s disease-associated small bowel carci-

noma; HPF, high-power field; IQR, interquartile range; NA, not applicable; Spo-SBC, sporadic small bowel carcinoma; TIL, tumour-infiltrating lymphocyte.

*Significant if p < 0.017 according to Bonferroni correction.

subgroups [Table 3] nor prognostic value. The most common his-
tological type in all cases was usual type, tubular adenocarcinoma.
However, the signet ring cell type was more prevalent in CrD-SBC,
and the medullary type was more common in CD-SBC. CD-SBC cases
were more infiltrated by CD3* and CD8* lymphocytes in compari-
son with CrD-SBC or spo-SBC cases [Supplementary Figure 2A-F,
available as Supplementary data at ECCO-JCC online]. The median
number of CD3* and CD8* TILs was significantly higher in CD-SBC
than in either CrD-SBC or spo-SBC [Table 3]. A strong correlation
between CD3* and CD8* TILs [Spearman correlation coefficient
R = 0.91, P < 0.001] was found. SBC patients having a number of
CD3* TILs > 15/HPF showed a better overall survival in comparison
with those with < 15 CD3* TIL/HPF [Figure 1B and Table 5]. SBC
cases having > 9.5 CD8* TIL/HPF showed a better overall survival
in comparison with those with < 9.5 CD8* TIL/HPF [HR 0.08, 95%
CI 0.02-0.35, p = 0.001]. At multivariable analysis, stage, CD3*
TIL and the clinical subgroup were independent prognostic factors
[Table 4, model 2].

MSI was found in 25 out of 76 cases of SBC [33%], and no dis-
cordance was observed between immunohistochemical and molecular
analyses. A significantly higher MSI frequency was found in CD-SBC
compared with either CrD-SBC or spo-SBC [Table 5]. All MSI tumours
showed a loss of both MLH1 [Supplementary Figure 2G-I] and PMS2
immunohistochemical expression while retaining MSH2 and MSH6
expression. MLH1 promoter methylation was detected in all but one
MSI cases. The patient with an MSI SBC lacking the MLH1 promoter
methylation was affected by CrD and had no history of familial can-
cer. Nineteen of 25 MSI cases [76%] showed > 15 TIL/HPF in con-
trast to nine of 51 non-MSI tumours [18%, p < 0.001]. At univariable
analysis, MSI tumours showed a better overall survival in comparison
with non-MSI tumours [Figure 2A and Table 5]. Moreover, among
CD-SBC patients, MSI was able to separate two subgroups with a
different stage [18% in stage III-IV for MSI in comparison with 75%
of non-MSI, p = 0.005] and different overall survival [Figure 2B-D].
However, in a multivariable analysis inclusive of age, sex, stage, and
clinical subgroup, MSI lost significant survival prognostic power
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Figure 1. [A] Kaplan-Meier overall survival estimates for all patients by clinical subgroup. [B] Kaplan-Meier overall survival estimates for all patients by CD3*
tumour-infiltrating lymphocytes [TIL] density; p-value is log-rank across subgroups. CD-SBC, coeliac disease-associated small bowel carcinoma; CrD-SBC,
Crohn'’s disease-associated small bowel carcinoma; HPF, high-power field; spo-SBC, sporadic small bowel carcinoma.

[Table 4, model 3], which was retained [HR 0.31, 95% CI 0.10-0.98,
p = 0.046] when clinical subgroup was dropped from the model. It
should be outlined that nine of 28 high-TIL SBC lacked MSI status,
which may account for the higher prognostic power of TILs, as also
suggested by the more favourable hazard ratios and p-values that
high-TILs showed when compared with MSI status or MSI plus high-
TIL cases at univariable overall survival analysis [Table 5].

No BRAF mutation was observed in any case of SBC [Table 6].
KRAS, NRAS, and PIK3CA mutations were detected in 23, three,
and 10 out of 76 cases, respectively. As expected, KRAS and NRAS
mutations were mutually exclusive, whereas six SBC cases [8%],
including four spo-SBC, one CD-SBC, and one CrD-SBC, showed
concurrent mutations in PIK3CA and KRAS/NRAS genes. Most of
the KRAS mutations were in codons 12 and 13, and were pG12V
or pG13D. The rare NRAS mutations were in codons 12 or 61,
whereas PIK3CA mutations were equally distributed in codons 542,
545, 546, and 1047. KRAS mutations were more frequent in spo-
SBC compared with CrD-SBC, but no difference was found between
CD-SBC and the other two subgroups [Table 6].

P53 overexpression involving > 50% of tumour cells did not
differ among the three subgroups [Table 6]. TPS3 mutations were
found in 17 of 47 SBC cases investigated [six of 15 CD-SBC, three of
17 CrD-SBC, and eight of 15 spo-SBC]. TP53 mutations were found
in cases showing either p53 overexpression [16 cases] or complete
lack of p53 immunostaining [one case]. TP53 mutations and MSI
proved to be mutually exclusive [p = 0.038]; however, despite their
wild-type TP353, seven [28 %] MSI tumours showed p53 overexpres-
sion at immunohistochemistry. Most [88%] TP53 mutations were
observed in exons 7 and 8, only two cases showed TP53 mutations
in exon 6, whereas no mutation was found in exon 5. In total, six
of eight non-MSI CD-SBC cases harboured TP53 mutations. Five
[7%] SBC cases were HER2* at immunohistochemistry and revealed
HER2 gene amplification [Table 6 and Figure 3]. Histologically, all
five HER2 amplified cases were usual type, tubular adenocarcino-
mas. Three HER2* cases were jejunal tumours [two CD-SBC and
one spo-SBC]| and the remaining two were ileal CrD-SBC. Three
HER2 amplified SBC cases were TPS3 mutated, two were KRAS
mutated and one had MSI. KRAS, NRAS, PIK3CA, and TP53



Table 4. Overall survival by multivariable Cox models of 75 patients with small bowel carcinoma.

MODEL 1* MODEL 2 MODEL 3¢
Hazard ratio p-Value  Hazard ratio p-Value  Hazard ratio p-Value
[95% CI] [95% CI] [95% CI]
Clinical groups 0.007 0.045 0.024
CD-SBC 1.00 [base] 1.00 [base] 1.00 [base]
CrD-SBC 6.77 [1.84-24.94] 0.004*  4.36 [1.09-17.44] 0.037*  5.29[1.34-20.90] 0.018*
Spo-SBC 2.9210.77-11.05] 0.1154*  2.06 [0.50-8.52] 0.316%* 2.39 [0.60-9.58] 0.218%*
Age at SBC diagnosis [as continuous variable] 1.01 [0.98-1.05] 0.399 1.02 [0.98-1.05] 0.337 1.01 [0.98-1-04] 0.529
Sex [male vs female] 1.13 [0.46-2.76] 0.786  0.66 [0.26-1.70] 0.392  0.46 [0.40-2.46] 0.981
SBC stage, III-IV vs I-1 7.84 [3.16-19.48] < 0.001 9.08 [1.06-1.16] < 0.001 8.38 [3.26-25.32] < 0.001
CD3* TIL> 15/HPF vs < 15/HPF — — 0.13 [0.03-0.58] 0.008 — —

MSI

0.50 [0.15-1.67] 0.256

CD-SBC, coeliac disease-associated small bowel carcinoma; CrD-SBC, Crohn’s disease-associated small bowel carcinoma; CI, confidence interval; HPF, high-

power field; MSI, microsatellite instability; Spo-SBC, sporadic small bowel carcinoma; TIL, tumour-infiltrating lymphocyte.
aModel 1: LR chi2[5] = 42.52, p-value < 0.001; Harrel’s C = 0.82; shrinkage coefficient = 0.88.
"Model 2: LR chi2[6] = §3.29, p-value < 0.001; Harrel’s C = 0.86; shrinkage coefficient = 0.89.
‘Model 3: LR chi2[6]:43.94, p-value < 0.001; Harrel’s C = 0.82; shrinkage coefficient = 0.86.

9Hazard ratio [95% CI]: 0.43 [0.19-0.96], p-value = 0.040 versus CrD-SBC.
‘Hazard ratio [95% CIJ: 0.47 [0.21-1.05], p-value = 0.067 versus CrD-SBC.
‘Hazard ratio [95% CI]: 0.45 [0.20-1.10], p-value = 0.052 versus CrD-SBC.
*For post hoc comparisons, significance after Bonferroni correction set at 0.017.

Table 5. Microsatellite instability status and tumour-infiltrating lymphocytes: distribution among clinical subgroups and overall survival

analysis on 76 small bowel carcinomas.

Distribution among clinical subgroups Total Survival analysis

CD-SBC CrD-SBC Spo-SBC HR [95% CI] p-Value
MSI 17/26 [65%]* 4/25 [16%] 4/25 [16%] 25176 [33%] 0.22 [0.08-0.64] 0.005
CD3* TIL > 15/HPF 16/26 [61%]** 4/25 [16%] 8/25 [32%] 28/76 [37%] 0.09 [0.02-0.36] <0.001
MSI plus CD3* TIL > 15/HPF 14/26 [54%]*** 1/25 [4%] 4125 [16%] 19/76 [25%)] 0.26 [0.12-0.57] <0.001

CD-SBC, coeliac disease-associated small bowel carcinoma; CI, confidence interval; CrD-SBC, Crohn’s disease-associated small bowel carcinoma; HPF, high-

power field; HR, hazard ratio; MSI, microsatellite instability; Spo-SBC, sporadic small bowel carcinoma; TIL, tumour-infiltrating lymphocyte.
*p =0.001 vs CrD-SBC or Spo-SBC; **p = 0.001 vs CrD-SBC; ***p < 0.001 vs CrD-SBC or Spo-SBC.

mutations, p53 overexpression, and HER2 amplification showed no
prognostic value.

PD-L1 staining was observed in membranes and/or cytoplasm of
some stromal immune cells [mostly macrophages], usually restricted
to the tumour invasive margin, in eight [six MSI and two non-MSI]|
of the 23 CD-SBC cases tested, in five of the 25 CrD-SBC cases, and
in five of the 23 spo-SBC cases tested [Supplementary Figure 3, avail-
able as Supplementary data at ECCO-JCC online], without signifi-
cant difference among the subgroups. However, only one SBC case,
which was an MSI medullary cancer associated with CD, expressed
PD-L1 in the tumour cell cytoplasm.

4. Discussion

This is the largest study of SBC in CD and the only one system-
atically comparing CD-SBC, CrD-SBC, and spo-SBC. We found that
in patients undergoing surgery for SBC, the underlying immune-
mediated disorder represents a stage-independent prognostic factor.
Survival analysis showed a significantly better prognosis of CD-SBC
in comparison with CrD-SBC. However, in agreement with Palaskak-
Juif et al.,*> we found no survival difference between CrD-SBC and

spo-SBC. We observed a non-significant trend for improved overall
survival of CD-SBC patients compared with an equally numerous
spo-SBC subgroup. A significant survival improvement was observed
by Potter et al.’ by comparing a smaller CD-SBC group [# = 17] with
a much higher ‘control’ group [# = 51] mostly, though not exclu-
sively, composed of sporadic cases. Of note, the 5-year survival rate
of our CD-SBC patients was as high as 83%, suggesting a relatively
indolent behaviour of CD-SBC.

Among the molecular alterations with prognostic impact, MSI,
which is a consequence of deficient MMR, was significantly more
frequent among cases of CD-SBC in comparison with CrD-SBC and
spo-SBC. The MSI prevalence we found in CD-SBC [17/26 cases,
65%] is in line with that of previous studies by Potter ez al.” [8/11,
73%] and Diosdado et al.' [6/9, 67%]. With regards to CrD-SBC,
the low percentage of MSI in our cases [16%] is in agreement with
those of Rashid et al.* [14%] and Svrcek et al.'' [3%].

We confirm, in a larger series, the favourable prognostic influ-
ence of MSI suggested by previous studies.”'* Due to its unequal dis-
tribution among clinical subgroups, MSI lost significant prognostic
power in a subgroup-inclusive multivariable model. However high
TIL density, despite its high correlation with MSI and prevalence in
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Figure 2. [A] Kaplan-Meier overall survival estimates for all patients. [B] Coeliac disease-associated small bowel carcinoma patients. [C] Crohn’s disease-
associated small bowel carcinoma patients. [D] Sporadic small bowel carcinoma patients, by microsatellite instability (MSI); p-value is log-rank across subgroups.

Table 6. Molecular alterations of the 76 small bowel carcinomas.

CD CrD Spo Overall p-Value among
p-value groups*

SBC 26 25 25

KRAS mutation, N [%] 8 [31%] 3[12%)] 12 [48%)] 0.021 CD vs CD: 0.173
CD vs Spo: 0.258
CrD vs Spo: 0.012

NRAS mutation, N [%] 1[4%] 1[4%] 1[4%] 1.000

BRAF mutation, N [%] 0[0%] 0[0%] 01[0%] 1.000

PIK3CA mutation, N [%] 4[15%] 2 [8%] 4[16%] 0.759

HER?2 amplification, N [%] 2[8%)] 2[8%)] 1[4%] 1.000

pS3 overexpression [> 50%], N [%] 12 [46%] 12 [48%] 13 [52%)] 0.958

CD, coeliac disease; CrD, Crohn’s disease; Spo, sporadic; SBC: small bowel carcinoma.

*significant if p < 0.017 according to Bonferroni correction.

CD-SBC, retained significant power in such a model. This finding
seems relevant as TILs are known from studies of other carcinomas
to be the main effector of MSI-related prognosis improvement.?» In
addition, increased TILs can also be elicited by other agents besides
MSI status, including oncogenic viruses and additional, presently
undefined, causes.?® In fact, in addition to a predominance of cases
showing both high TIL density and MSI, nine SBC showing aetio-
logically unexplained high TILs in the absence of MSI were present
in our series. This suggests that TIL assessment may prove to be an
appropriate parameter for SBC prognostic evaluation. In this regard,
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the presence of PD-L1 reactive immune cells in a subset of SBC
patients, and in particular in MSI-positive SBC cases, seems interest-
ing and may deserve further investigation in the light of the poten-
tial therapeutic role of immune checkpoint inhibitors in SBC, as
recently demonstrated for gastrointestinal MSI and/or y-interferon-
producing cancers.?”?

In spo-SBC we observed a higher prevalence [48%] of KRAS
mutation than in CrD-SBC, which might be accounted for by the
lower percentage we found in the latter subgroup [12%] in com-
parison with those reported by Rashid et al.>* [43%] and Svrcek



Figure 3. An example of HER2-positive SBC. Histology of a high-grade SBC [A, original magnification x200], showing HER2-positive by immunohistochemistry
[B, original magnification x200] and revealing HER2 gene amplification by FISH [C, original magnification x200]. This SBC was found in the ileum of a patient

with CrD. SBC, small bowel carcinoma; CrD, Crohn'’s disease.

et al.'' [23%]. With regards to CD-SBC, our study is the first assess-
ing the frequency of KRAS mutation which was found in 31% of
cases. This finding, although by itself irrelevant for patient survival
in our series, could be relevant in selecting patients in whom anti-
EGEFR targeted therapy could be beneficial.? HER2 amplification,
although restricted to only five cases, also seems worth consideration
as a potential therapeutic target.*

Of note, there was no BRAF mutation in any case, including
those harbouring MLH1 hypermethylation. BRAF mutations are
reported to be absent or extremely rare in spo-SBC3!3? and in CrD-
SBC."! This finding seems to rule out BRAF mutation as a potential
initiator of MLH1 gene promoter methylation, which represents the
almost exclusive cause of MSI in our non-familial SBC. This conclu-
sion is in contrast with the role which BRAF mutation plays in the
majority of MSI sporadic colorectal cancers.’® Thus, the identifica-
tion among SBC cases of a possible oncogene mutation activating
a process of MLHT1 gene silencing remains an open issue. We first
demonstrated the presence of PIK3CA mutation in a subset [16%]
of CD-SBC cases. However, there was no significant difference in
PIK3CA mutation rate among the three subgroups and no prognos-
tic relevance. No significant difference was evident among the three
subgroups for p53 changes regarding either protein overexpression
or gene mutation. TP53 mutations, as already reported in other can-
cers, proved mutually exclusive with MSI status.**

The role of chronic inflammation in the genesis of intestinal cancer
is well known.! As both CD and CrD are T helper 1-mediated disor-
ders, the prominent differences revealed in SBC arising in these two
disorders are surprising. However, it should be recalled that the inflam-
matory process implicated in CD and CrD shows substantial differ-
ences in terms of types of inflammatory cells and cytokines involved.3%3¢
Interestingly, all but one of our CD-SBC cases arose in non-refractory
CD, a finding at variance with the origin of enteropathy-associated
T-cell lymphoma.?” However, the median age at CD diagnosis of our
CD-SBC patients [49 years] was two decades higher than that reported
for Italian adult cancer-free CD patients [28 years],*® confirming that a
delayed CD diagnosis may predispose to an increased risk of neoplastic
complications in general and of SBC in particular. A delayed CD diag-
nosis may also contribute to the apparently low interval [17 months]
between CD diagnosis and SBC detection.

We do acknowledge that the present study has some limita-
tions, the most important being its inherently retrospective nature.
However, the involvement of centres with long-term referral expe-
rience in the field, which were following agreed guidelines, was a
guarantee of data quality.

In conclusion, although both CD-SBC and CrD-SBC arise from an
inflammatory background, they differ substantially in survival, at least

11

in part due to distinctive cellular/molecular changes with special refer-
ence to T-cell intra-tumour infiltration and MSI. The management of
patients with SBC associated with immune-mediated intestinal disor-
ders, including CD and CrD, should be integrated with the assessment
of MSI/TIL status, RAS mutations, and HER2 amplification, in order
to stratify patients according to their prognosis and/or to identify pos-
sible candidates for targeted anti-cancer therapies.
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