'.) Check for updates

Histopathology

Histopathology 2024 DOI: 10.1111/his.15307

Medullary carcinomas of the nonampullary small intestine:
association with coeliac disease, mismatch repair deficiency,
PD-L1 expression, and favourable prognosis

Alessandro Vanoli,"?@ Federica Grillo,>*@ Giuseppe De Lisi,’ Camilla Guerini,'
Giovanni Arpa,'>@ Catherine Klersy,®@ Matteo Fassan,”'®@ Paola Parente,’
Luca Mastracci,®*@ Elena Biletta,'°@® Gabriella Nesi,!! Maria C Macciomei,'?
Marco V Lenti,"*1*@ Erica Quaquarini,'’@ Anna M Chiaravalli,®!”

Daniela Furlan,'®!”13@) Stefano La Rosa,'®!”'®*@ Marco Paulli'** &

Antonio Di Sabatino!>!**

IDepartment of Molecular Medicine, University of Pavia, 2Unit of Anatomic Pathology, IRCCS San Matteo Hospital
Foundation, Pavia, >IRCCS Ospedale Policlinico San Martino, *Pathology Unit, Department of Surgical Sciences and
Integrated Diagnostics (DISC), University of Genoa, Genoa, > Anatomic Pathology Unit of Pavia Institute, Istituti Clinici
Scientifici Maugeri IRCCS, °Biostatistics and Clinical Trial Center, Fondazione IRCCS Policlinico San Matteo, Pavia,
"Department of Medicine (DIMED), Surgical Pathology & Cytopathology Unit, University of Padua, $Veneto Institute
of Oncology I0V-IRCCS, Padua, °Unit of Pathology, Fondazione IRCCS Ospedale Casa Sollievo della Sofferenza, San
Giovanni Rotondo, '°Unit of Pathology, Department of Surgery ASL BI, Nuovo Ospedale degli Infermi, Ponderano,
Tpathology Section, Department of Health Sciences, University of Florence, Florence, '2Pathology Unit, San Camillo-
Forlanini Hospital, Rome, '>Department of Internal Medicine and Medical Therapeutics, University of Pavia,

" Department of Internal Medicine, IRCCS San Matteo Hospital Foundation, '°>Medical Oncology Unit, Istituti Clinici
Scientifici Maugeri IRCCS, Pavia, ®Department of Oncology, Ospedale di Circolo, ASST-Sette Laghi, 1" Hereditary
Cancer Research Center and "®Unit of Pathology, Department of Medicine and Technological Innovation, University of
Insubria, Varese, Italy

Date of submission 22 April 2024
Accepted for publication 10 August 2024

Vanoli A, Grillo F, De Lisi G, Guerini C, Arpa G, Klersy C, Fassan M, Parente P, Mastracci L, Biletta E, Nesi G,
Macciomei M C, Lenti M V, Quaquarini E, Chiaravalli A M, Furlan D, La Rosa S, Paulli M & Di Sabatino A
(2024) Histopathology. https://doi.org/10.1111/his.15307

Medullary carcinomas of the nonampullary small intestine: association with coeliac dis-
ease, mismatch repair deficiency, PD-L1 expression, and favourable prognosis

Aim: Gastrointestinal medullary carcinoma is a analyse their clinicopathologic and immunohisto-
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Methods and Results: Surgically resected SBAs col-
lected through the Small Bowel Cancer Italian Con-
sortium were classified as SB-MCs (carcinomas with
>50% of tumour fulfilling the typical histologic cri-
teria of MC) or NM-SBAs. Immunohistochemistry for
cytokeratin  (CK)7, CK20, CDX2, programmed
death-ligand 1 (PD-L1) and mismatch repair proteins
was performed in both SB-MCs and NM-SBAs.
SB-MCs were also tested for CK8/18, synaptophysin,
SMARCB1, SMARCA2, SMARCA4, and ARID1A and
for Epstein—Barr virus (EBV)-encoded RNAs by in-situ
hybridization. MLH1 promoter methylation status
was evaluated in MLHI1-deficient cases. Eleven
SB-MCs and 149 NM-SBAs were identified. One (9%)
SB-MC was EBV-positive, while 10 (91%) harboured
mismatch repair deficiency (AMMR). MLH1 promoter

hypermethylation was found in all eight dMMR
SB-MCs tested. Switch/sucrose nonfermentable defi-
ciency was seen in two (18%) SB-MCs, both with iso-
lated loss of ARID1A. Compared with NM-SBAs,
SB-MCs exhibited an association with coeliac disease
(P < 0.001), higher rates of dAMMR (P < 0.001), and
PD-L1 positivity by both tumour proportion score and
combined positive score (P < 0.001 for both), and a
lower rate of CK20 expression (P = 0.024). Survival
analysis revealed a better prognosis of SB-MC patients
compared to NM-SBA cases (P = 0.02).

Conclusion: SB-MCs represent a distinct histologic
subtype, with peculiar features compared to NM-
SBAs, including association with coeliac disease,
dMMR, PD-L1 expression, and better prognosis.

Keywords: ARID1A, Epstein-Barr virus, immune-mediated disorders, microsatellite instability, small bowel

adenocarcinoma

Introduction

In the 5th edition of the World Health Organization
(WHO) classification of Digestive System Tumours, the
term “medullary carcinoma” (MC) indicates an
uncommon, distinct histologic subtype of adenocarci-
noma, which may be found in the large bowel, in the
stomach, and, more rarely, in the small intestine or
the pancreas.’ The typical histologic features of gastro-
intestinal MC (so-called for the low-power microscopic
resemblance to “medulla oblongata”), are the following:
(i) a solid or nested tumour architecture; (ii) a
pushing-type (circumscribed) tumour border; (iii) a cel-
lular stroma rich in tumour-infiltrating lymphocytes
(TTLs) and sometimes other inflammatory cells; and
(iv) relatively uniform tumour cells with a syncytial
appearance, vesicular nuclei, prominent nucleoli, and
relatively abundant eosinophilic cytoplasm.*>
Colorectal MCs appear to be underdiagnosed,*
likely due to a lack of familiarity with morphologic
diagnostic criteria and difficulties in distinguishing
them from poorly differentiated conventional
adenocarcinomas.”> Nevertheless, they have been
consistently associated with deficient mismatch repair
(dIMMR) status, higher Programmed-Death-Ligand1
(PD-L1) expression,® ® and a better prognosis.” '! In
the stomach, cancers with MC-type histology are cur-
rently referred to as “(adeno)carcinomas with lym-
phoid stroma”, which are strongly associated with
Epstein—Barr virus (EBV) positivity or dAMMR, as well

as with high PD-L1 expression." Moreover, in the
colon, switch/sucrose nonfermentable (SWI/SNF)-
deficiency (i.e. the loss of expression of the SWI/SNF
complex subunits, a family of chromatin remodellers
including BRG-1/BRM-associated factor complex sub-
units and ARID1A) has been shown to be also associ-
ated with medullary or undifferentiated/rhabdoid
phenotype, dMMR, and a worse prognosis.'*'°

While clinicopathologic features of ampullary MCs
have been thoroughly described by Xue et al.,'” non-
ampullary small bowel MCs (SB-MCs) are still poorly
known, with very few case reports or small series,®"
25 suggesting an association with dMMR, PD-L1
expression, and improved outcome, while the poten-
tial relevance of SWI/SNF-deficiency in SB-MCs has
not yet been investigated.

The present study aimed to investigate the clinico-
pathologic, immunophenotypic and molecular features
of a relatively large series of nonampullary SB-MCs,
and to compare them with those of nonampullary non-
medullary small bowel adenocarcinomas (NM-SBAs).

Materials and Methods

STUDY POPULATION

This retrospective multicentre study enrolled 160
patients (part of whom had already entered previous
studies), who underwent surgical resection for
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primary, nonampullary SBA from Centres participating
in the Small Bowel Cancer Italian Consortium. Neuro-
endocrine neoplasms, adenosquamous/squamous, and
undifferentiated carcinomas were excluded from the
study, which was approved by the Ethics Committee of
Pavia (protocol number: 20140003980). Written
informed consent was obtained.

HISTOLOGIC SUBTYPE DEFINITION

A central histopathological review of all tumours was
performed by three pathologists (A.V., G.A., and
S.L.R.) and two pathology residents (G.D.L. and C.G.),
and any discordance in evaluation was solved by
consensus.

An SBA was classified as SB-MC if at least 50% of
the tumour showed all the typical features of MCs
described in the rest of the gastrointestinal tract (i.e.
(i) a solid or nested tumour architecture; (ii) a
pushing-type tumour border; (iii) a TIL-enriched
stroma; and (iv) relatively uniform tumour cells with
a syncytial appearance, with vesicular nuclei and
prominent nucleoli), as proposed by Lee et al. for colo-
rectal medullary carcinomas and by Xue et al. for
ampullary medullary carcinomas.>!” SB-MCs were
also assessed for the presence of glandular, mucinous,
or signet-ring cell components, tumour necrosis,
eosinophilic or neutrophilic infiltrates (distant from
tumour necrosis), as well as for adjacent dysplastic
lesions. The remaining NM-SBAs were classified as
WHO histologic subtypes, and SBAs, not otherwise
specified (SBAs-NOS) were subdivided into low-grade
(>50% gland formation) and high-grade (<50% gland
formation) tumours.'2%27

CLINICOPATHOLOGIC DATA

For all cases, clinical-demographic data, including
patient gender and age at SBA diagnosis, aetiologic
factors, and tumour site, lymphovascular, and peri-
neural invasion, American Joint Committee on Can-
cer (8th edition) pTNM stage, as well as survival
data, were obtained from pathologic reports and
follow-up clinical reports.

IMMUNOHISTOCHEMISTRY

Four-um-thick tissue whole sections of all cancers
(with available tumour sections) were immunostained
on a Dako Omnis platform (Agilent, Santa Clara, CA,
USA) with the following antibodies: cytokeratin (CK)7
(clone: OV-TL-12/30, prediluted, Dako), CK20
(Js20.8, prediluted, Dako), CDX2 (DAK-CDX2,

Small intestinal medullary carcinomas 3

prediluted, Dako), MLH1 (ESO5, prediluted, Dako),
MSH2 (FE11, prediluted, Dako), MSH6 (EP49, predi-
luted, Dako), PMS2 (364 EP51, prediluted, Dako),
and PD-L1 (22C3, prediluted, Dako). In addition,
SB-MCs were tested for CK8/18 (EP17/EP30, predi-
luted, Dako), synaptophysin (DAK-SYNAP, prediluted,
Dako), and the SWI/SNF components SMARCB1/INI1
(EPR12014-77, 1:1000, Abcam, Cambridge, UK),
SMARCA2/BMR (polyclonal, 1:400, Sigma, St. Louis,
MO, USA), SMARCA4/BRG1 (EPNCIR111A, 1:200,
Abcam), and ARID1A (polyclonal, 1:400, Sigma).
The extent of staining for CK7, CK20, and CDX2
was at first scored semiquantitatively (no staining; 1—
10%; 11-50%; >50%); only carcinomas with >10%
of tumour cells showing expression were considered
positive, as previously reported.28 Immunostaining
for MMR proteins was considered MMR-proficient
(PMMR) if unequivocal nuclear expression of all four
MMR proteins was retained, or dAMMR if complete loss
of nuclear expression of one or more MMR proteins
was observed, in the presence of an adequate internal
positive control. PD-L1 expression was scored as
tumour proportion score (TPS) and combined positive
score (CPS).?? An SBA was considered PD-L1 positive
by TPS if the TPS was >1% and by CPS if the CPS
was >1. For the interpretation of immunoexpression
of SWI/SNF components, only unequivocal absent
staining in the viable tumour nuclei, in the presence
of a strong nuclear staining of stromal/inflammatory

» 15

cells, was considered “deficient”.

EBV IN SITU HYBRIDIZATION, MICROSATELLITE
INSTABILITY (MSI), AND MLH1 PROMOTER
METHYLATION

SB-MCs were analysed for EBV-encoded small RNAs
(EBERs) by in situ hybridization, for MSI by polymer-
ase chain reaction and, for those showing loss of
expression of MLH1, for MLH1 promoter methylation
status, as previously described.?"*!

STATISTICAL ANALYSIS

All analyses were performed using the Stata software
(release 18, StataCorp, College Station, TX, USA). A
2-sided P-value was considered statistically signifi-
cant. For multiple comparisons, the Bonferroni cor-
rection applied.

Continuous variables were reported as median and
25th-75th percentiles (25th-75th) and compared
between SB-MCs and NM-SBA groups with the
Mann-Whitney U-test. Categorical variables were
reported as counts and percent and compared with
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the Fisher exact test. Survival curves were plotted
using the Kaplan—-Meier method and compared
between groups with the log-rank test. Given the null
mortality in SB-MCs, no hazard ratios (Cox model)
could be computed.

Results

CLINICOPATHOLOGIC, IMMUNOPHENOTYPIC, AND
MOLECULAR CHARACTERISTICS OF SB-MCS

Among the 160 SBAs, 11 (7%) SB-MCs were found.
The clinicopathologic features of MCs are outlined in
Table 1. The median patient age at SB-MC diagnosis
was 66 years, with a slight prevalence of females
(55%). Most of them arose in the jejunum (64%) and
in coeliac disease (CoeD) patients (73%). Histologi-
cally, medullary features accounting for >90% of the
tumour burden were observed in 10/11 (91%) SB-
MCs, while in the remaining case medullary features
accounted for 70%. Apart from the characteristics
typical of medullary histology (Figure 1), four cases
showed glandular components (10% of tumour sur-
face in three cases and 30% in one case) (Figure 2),
whereas mucinous and signet-ring differentiation was
not seen. The dysplastic component adjacent to the
carcinoma was either absent (nine cases) or limited
(two cases). Tumour necrosis (Figure 1C) and neutro-
philic infiltrates were a very frequent finding (detected
in 8 out of 11 cases), while prominent eosinophilic
infiltrate was more rarely observed (in 2 out of 11
cases). In one case, the tumour stroma was essen-
tially composed of T Ilymphocytes and scattered
plasma cells. SB-MCs were diagnosed in pT3 (nine
cases, 82%) or pT4 (two cases, 18%) stage, with
locoregional lymph node metastases in 45% of cases.
Ten (91%) SB-MCs were classified as dMMR, as
they showed a combined loss of MLH1 and PMS2
expression by all cancer cells (Figure 1D). In all
dMMR SB-MCs with available tumour sections for
molecular analyses (eight cases), both MSI and MLH1
promoter hypermethylation were found. A single
pMMR SB-MC (arising in a patient with Crohn’s dis-
ease) proved to be EBER-positive (Figure 3), while all
the other MCs were EBER-negative. All SB-MCs
expressed CK8/18, while no case showed synaptophy-
sin positivity. Expression of all SWI/SNF complex pro-
teins was intact in nine SB-MCs, whereas two cases
(both dMMR CoeD-associated SB-MCs) exhibited iso-
lated ARID1A loss. Of note, one of two MCs with
ARID1A loss revealed retained ARID1A expression in
its focal glandular component, while both compo-
nents exhibited loss of MLH1 expression (Figure 2).

COMPARISONS BETWEEN SB-MCS AND NM-SBAS

The comparison between SB-MCs and NM-SBAs
(Table 1) revealed a significant association between
medullary histology and aetiology (P = 0.006), with
a significantly higher prevalence of SB-MCs among
CoeD patients (8 out of 40 cases, 20%) compared to
nonCoeD cases (3 out of 120 cases, 2.5%,
P < 0.001). Lymphovascular invasion (P = 0.04) and
CK20 expression (P = 0.024) were significantly less
frequently identified in SB-MCs. In addition, SB-MCs
featured significantly higher rates of dMMR
(P < 0.001) and PD-L1 positivity by TPS (P < 0.001)
or CPS (P < 0.001) compared to NM-SBAs. These dif-
ferences between SB-MCs and NM-SBAs remained sig-
nificant even after exclusion of the EBV-positive
carcinoma from the SB-MC group (Table 1). Worthy
of note, three (27%) MCs had a TPS >10%
(Figure 2D) and two of them (18%), including the
EBV-positive MC, exhibited a TPS of 90%.

Interestingly, when compared to high-grade
SBAs-NOS only (n = 34), SB-MCs showed signifi-
cantly lower rates of lymphovascular invasion (26%
versus 91%, P = 0.001), CK20 expression (27% ver-
sus 66%, P = 0.038), and significantly higher rates of
dMMR (91% versus 34%, P = 0.002) and PD-L1 posi-
tivity by TPS (64% versus 4%, P < 0.001) and CPS
(82% versus 22%, P = 0.002). When comparisons
were restricted to dMMR cases (n=47), dMMR
SB-MCs (n = 10) were characterized by significantly
higher rates of PD-L1 positivity by TPS and CPS and
significantly less common CDX2 expression compared
to nonmedullary cases (Table 2). Finally, compared to
CoeD-associated NM-SBAs (n = 32), CoeD-associated
SB-MCs (n = 8) exhibited significantly higher rates of
dMMR (100% versus 53%, P = 0.016), PD-L1 positiv-
ity by TPS (62% versus 3%, P = 0.001) and by CPS
(87% versus 28%, P = 0.004), and significantly less
frequent CDX2 expression (50% versus 87%,
P =0.037).

SURVIVAL ANALYSIS

Patients were followed up for a median time of
62 months (25th-75th: 27-116 months). No MC
patient died of cancer. Cancer-specific survival proved
to be significantly more favourable for MC patients in
comparison with NM-SBA (P = 0.020, Figure 4A) or
high-grade SBA-NOS patients (P = 0.012, Figure 4B).
These survival differences were confirmed also after
the exclusion of the EBV-positive SB-MC patient.
However, no significant survival difference was found
between dMMR MCs and dMMR NM-SBAs
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Table 1. Comparison of clinicopathologic and immunohistochemical features between medullary and nonmedullary small

bowel adenocarcinomas

SB-MCs Nonmedullary SBAs dMMR SB-MCs )
(n=11) (n = 149) P-value* (n = 10) P-value'

Patient age at SBA diagnosis, median (25th— 66 (52-80) 62 (52-72) 0.438 66.5 (52-80) 0.440

75th)
Female gender, NV (%) 6/11 (65%) 54/149 (36%) 0.333 6/10 (60%) 0.179
Tumour site, N (%)

Duodenum 2/11 (20%) 18/149 (12%) 0.133 2 (20%) 0.046

Jejunum 7/11 (64%) 61/149 (41%) 7 (70%)

lleum 2/11 20%) 70/149 (47 %) 1 (10%)
Aetiology, N (%)

Crohn's disease 2/11 (18%) 52/149 (35%) 0.006 1/10 (10%) 0.002

Coeliac disease 8/11 (73%) 32/149 (21%) 8/10 (80%)

Lynch syndrome 0/11 (0%) 15/149 (10%) 0/10 (0%)

No predisposing condition 1/11 (9%) 50/149 (34%) 1/10 (10%)
Lymph node metastases, N (%) 5/11 (45%) 67/149 (45%) 1.000 4/10 (40%) 1.000
AJCC stage, NV (%)

| 0/11 (0%) 11/149 (7%) 0.447  0/10 (0%) 0.492

Il 6/11 (55%) 69/149 (47 %) 6/10 (60%)

1 5/11 (45%) 51/149 (34%) 4/10 (40%)

\ 0/11 (0%) 18/149 (12%) 0/10 (0%)
Lymphovascular invasion, NV (%) 4/11 36%) 104/149 (70%) 0.04 3/10 (30%) 0.015
Perineural invasion, NV (%) 2/11 (18%) 57/149 (38%) 0.331 2/10 (20%) 0.325
CDX2 expression, N (%) 5/11 (45%) 104/148 (70%) 0.101 4/10 (40%) 0.074
CK20 expression, NV (%) 3/11 (27 %) 94/148 (63%) 0.024  3/10 (30%) 0.046
CK7 expression, NV (%) 1/10 (10%) 48/138 (35%) 0.166 1/9 (11%) 0.273
dMMR, N (%) 10/11 (91%) 47/149 (31%) <0.001 NA NA
PD-L1 TPS > 1% 7/11 (64%) 4/113 (3%) <0.001  6/10 (60%) <0.001
PD-L1 CPS > 1 9/11 (82%) 25/113 (22%) <0.001 8/10 (80%) <0.001

Bold values indicate statistical significance. AJCC, American Joint Committee on Cancer; CK, Cytokeratin; CPS, Combined positive score;
dMMR, Mismatch repair deficiency; NA, Not applicable; SBA, Small bowel adenocarcinoma; SB-MCs, Medullary carcinomas; TPS, Tumour

proportion score.
*SB-MCs versus nonmedullary SBAs.
TdMMR SB-MCs versus nonmedullary SBAs.

(P =0.150, Figure 4C) or between CoeD-associated
(P =0.341).
When SBAs were subdivided into six subgroups based
on histotype, histologic grade, and MMR status,

MCs and CoeD-associated NM-SBAs

significant survival differences emerged (P < 0.001,
Figure 4D). Post-hoc comparisons showed a more
favourable survival of MC compared to poorly cohe-

sive carcinomas

© 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Figure 1. A duodenal medullary carcinoma in a coeliac patient. A pushing-type tumour border is seen (A, hematoxylin and eosin [H&E]).
The neoplasm features a solid structure with syncytial appearance of tumour cells, admixed with a nondesmoplastic stroma enriched in
inflammatory cells, including lymphocytes and neutrophils (B, H&E). Areas of tumour necrosis are present (C, H&E). Tumour cells show loss
of expression of MLH1, while MLH1 is retained in the adjacent mucosa and the inflammatory infiltrate (internal control) (D, MLH1
immunostaining).

pMMR SBA-NOS cases (P = 0.001), whereas no sig-
nificant difference was seen between MC and either
low-grade or high-grade dMMR SBA-NOS patients
(P=0.153 and P = 0.178, respectively). Finally, a
better outcome of MC patients compared to low-grade
pMMR SBA-NOS cases was seen (P = 0.017), which,
however, lost significance when Bonferroni’s correc-
tion was applied.

Discussion

In the present study, based on a relatively large series
of SB-MCs, we found several distinctive features of
SB-MCs compared to the remaining SBAs.

First, in the small intestine a clinically relevant asso-
ciation between medullary histology and CoeD, a
known predisposing condition for SBA development,*
emerged, strengthening suggestions from our previous
reports.'?? In our study, a relevant fraction (20%) of
CoeD-associated SBAs (8 out of 40 cases collected in
numerous Italian CoeD Centres) were MCs. On the
contrary, among SBAs with no predisposing conditions

and Crohn’s disease-associated SBAs, medullary histol-
ogy seems to be much less common (2% and 4% of
cases, respectively), and no SB-MC associated with
Lynch syndrome was identified.

Second, SB-MCs appear to follow two distinct and
mutually exclusive pathogenetic pathways, similar to
those of the stomach and ampullary region.'”** The
first pathway, which accounts for the vast majority
(91%) of SB-MCs and for all CoeD-associated cases, is
the dAMMR/MSI pathway, essentially related to epige-
netic inactivation of the MLH1 gene. The dMMR/MSI
phenotype proved to be significantly more frequent
among SB-MCs, even when the analysis was
restricted to CoeD-associated SBAs, which are known
to be enriched in dMMR.>'>* The other pathway,
involving a much smaller number of SBAs with
medullary-type histology (9%), is driven by EBV infec-
tion. In the literature, only a very few case reports of
such  EBV-positive = SBAs, often labelled as
“lymphoepithelioma-like carcinomas” due to their
similarity with EBV-positive nasopharyngeal carci-
noma, are available.?> > In the present investigation,

© 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Figure 2. A jejunal medullary carcinoma associated with coeliac disease, with a glandular component. The glandular area (on the left; A,
H&E) is focal, accounting for 10% of tumour surface, and exhibits retained ARID1A (B, ARID1A immunostaining) and CDX2 (C, CDX2
immunostaining) expression, whereas the medullary component shows lack of both proteins. Both components feature loss of MLH1 expres-
sion (inset of C; MLH1 immunostaining). Strong PD-L1 membranous expression by neoplastic cells was only observed in the medullary com-
ponent (D, PD-L1 immunostaining).

Figure 3. An ileal carcinoma in a patient with Crohn’s disease, showing the typical histologic features of medullary carcinoma. Note the rel-
ative uniformity of tumour cells with a syncytial appearance, vesicular nuclei, prominent nucleoli, as well as a conspicuous cellular stroma
rich in inflammatory cells (A, H&E). Tumour cells are positive for EBER (B, EBER in-situ hybridization).

we decided to include among SB-MCs the single EBV- in distinguishing, “a priori”, i.e. on morphologic
positive carcinoma (fulfilling all MC criteria and previ- grounds only, the two different carcinogenic path-
ously reported®“>®), due to the well-known difficulties ways. Indeed, in the stomach the term “carcinoma

© 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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Table 2. Comparison of clinicopathologic and immunohis-
tochemical features between medullary and nonmedullary
mismatch repair-deficient small bowel adenocarcinomas

dMMR dMMR

SB-MCs nonmedullary

(n=10) SBAs (n=47)  P-value
Patient age at SBA 66.5 (52-80) 58 (52-75) 0.514

diagnosis, median
(25th-75th)

Female gender, N (%) 6/10 (60%)  19/47 (40%) 0.308

Tumour site, NV (%)

Duodenum 2 (20%) 7 (15%) 0.198
Jejunum 7 (70%) 22 (47 %)
lleum 1 (10%) 18 (38%)

Aetiology, N (%)

Crohn's disease 1/10 (10%) 9/47 (19%) 0.053

Coeliac disease 8/10 (80%) 17/47 (36%)

Lynch syndrome 0/10 (0%) 15/47 (32%)

No predisposing 1/10 (10%) 6/47 (13%)

condition

Lymph node 4/10 (40%)  15/47 (32%) 0.717

metastases, NV (%)

AJCC stage, N (%)

| 0/10 (0%) 6/47 (13%) 0.464

Il 6/10 (60%)  26/47 (55%)

] 4/10 (40%)  12/47 (26%)

v 0/10 (0%) 3/47 (6%)

Lymphovascular 3/10 B0%) 26/47 (55%) 0.179

invasion, NV (%)

Perineural invasion, 2/10 20%) 11/47 23%) 1.000

N (%)

CDX2 expression, 4/10 (40%) 38 (81%) 0.015

N (%)

CK20 expression, 3/10 (30%) 23 (49%) 0.319

N (%)

CK7 expression, NV (%) 1/9 (11%) 8/37 (22%) 0.664

PD-L1 TPS > 1% 6/10 (60%) 3/31 (10%) 0.003

PD-L1 CPS > 1 8/10 (80%)  10/31 (32%) 0.012

Bold values indicate statistical significance. AJCC, American Joint
Committee on Cancer; CK, Cytokeratin; CPS, Combined positive
score; dMMR, Mismatch repair deficiency; SBA, Small bowel ade-
nocarcinoma; SB-MCs, Small bowel medullary carcinomas; TPS,
Tumour proportion score.

with lymphoid stroma” has been adopted by the cur-
rent WHO classification to encompass both MSI-
related (“medullary”) and EBV-related
(“lymphoepithelioma-like”) poorly differentiated can-
cers characterized by prominent lymphocytic
infiltrate.’

Importantly, our findings show that SB-MCs behave
as low-grade tumours, even though they appear
poorly differentiated, with frequent tumour necrosis,
likely as a consequence of their high TIL density.
Indeed, despite the lack of a significant difference in
tumour stage, MC patients displayed a significantly
better outcome compared to NM-SBA, high-grade
SBA-NOS, and poorly cohesive carcinoma cases, as
well as showing a trend towards a more favourable
prognosis compared to low-grade pMMR SBA-NOS
patients. No significant survival difference, however,
was seen between SB-MCs and either low-grade or
high-grade dAMMR SBAs-NOS.

Another relevant finding of the present investiga-
tion was the significantly higher rate of PD-L1 posi-
tivity by both TPS and CPS in SB-MCs compared to
NM-SBAs, confirming, on a larger series, previous
findings from our group,’® and others.?! These differ-
ences also persisted when comparisons were restricted
to dMMR or to CoeD-associated cases only, indicating
a distinctive, immunoregulatory microenvironment of
gastrointestinal MCs,?® with potential therapeutic
implications.

SB-MCs must be distinguished from small bowel
undifferentiated/rhabdoid carcinomas, most of which
are SWI/SNF-deficient and have a more ominous
prognosis.'>*° The relevance of SWI/SNF-deficiency
in SB-MCs seems to be more limited, with isolated
ARID1A loss involving 18% of our SB-MCs. Kim et al.
found ARID1A loss in a similar fraction (20%) of
NM-SBAs and that it was associated with poor prog-
nosis and signet ring cell and undifferentiated
carcinomas,*! while Gonzalez et al. reported ARID1A
loss in 7% of all SBAs and in a single case (8%) out
of 12 SBAs with medullary differentiation.* In one
of our SB-MCs (Figure 2), ARID1A expression was
absent in the medullary component, while it is
retained in the focal glandular component, suggesting
that the two morphologically distinct components
may be associated with different carcinogenetic path-
ways. More comprehensive studies on SWI/SNF-
deficiency in SBAs are needed, as this molecular phe-
notype is emerging as a promising predictive bio-
marker for immuno-oncologic therapy.*>

Finally, similar to ampullary MCs,'” nonampullary
SB-MCs rarely have recognizable preinvasive compo-
nents, suggesting that they might not follow the
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(A) Kaplan Meier survival estimate (B) Kaplan Meier survival estimate
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Logrank test P=0.020 Medullary Logrank test P=0.012 SBA-NOS
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(C) Kaplan Meier survival estimate (D) Kaplan Meier survival estimate
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0 12 24 36 48 60 72 84 96 108 120 132 144 Number at risk
Months 11 9 8 8 6 6 4 3 2 1 1 1 1
2 16 12 7 6 5 3 3 2 2 1 1 0 0
Number at risk
3 3 29 24 17 17 14 12 1 8 7 5 5 5
Medullary 10 8 7 7 6 6 4 3 2 1 1 ! ! 4 63 50 35 2 21 19 14 1 8 8 6 4 4
Non-medullary ~ 45 41 34 24 23 19 17 16 13 12 9 9 7 5 u 1 9 6 5 5 5 5 5 5 4 4 2
6 20 13 7 5 4 2 1 0 0 0 0 0 0

Figure 4. Kaplan—Meier cancer-specific survival estimates. (A) A comparison between SB-MC patients and NM-SBA patients. (B) A compari-
son between SB-MC patients and patients with high-grade SBA-NOS. (C) A comparison between dMMR SB-MC patients and dMMR NM-SBA
patients. (D) Comparison of six SBA subgroups based on histotype, histologic grade, and MMR status. 1: SB-MCs; 2: poorly cohesive carcino-
mas; 3: Low-grade dAMMR SBAs-NOS; 4: Low-grade pMMR SBAs-NOS; 5: High-grade dJMMR SBAs-NOS; 6: High-grade pMMR SBAs-NOS.

classical adenoma-adenocarcinoma sequence, and
they are frequently negative for CDX2 and CK20,
which must be borne in mind in such cases so as not
to misinterpret them as extraintestinal in origin. In
addition, the high percentage of negativity for CDX2
of small/large bowel MCs and undifferentiated/
rhabdoid carcinomas may aid in their differential
diagnosis with poorly differentiated conventional ade-
nocarcinomas, most of which are CDX2-positive.'>**

Our study has several limitations, including its ret-
rospective nature and the relatively small number of
SB-MCs; however, to the best of our knowledge, this
is the largest series of these very rare tumours hith-
erto described. Another limitation could be related to
the potentially low diagnostic reproducibility in distin-
guishing SB-MCs from high-grade SBAs-NOS, similar
to colorectal MCs.?>*> Nevertheless, to mitigate this
issue we performed a centralized histologic review of
all cases, resulting in a consensus diagnosis.

In conclusion, SB-MC, despite its rarity, is worthy of
being considered as a distinct subtype of nonampullary

SBA by virtue of its association with CoeD, its high
prevalence of MLHI methylation-driven dMMR and
PD-L1 expression, and its favourable outcome.
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