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Abstract

A non-ampullary duodenal mixed adenoneuroendocrine carcinoma (MANEC), consisting of a conventional adenocarci-
noma and a neuroendocrine carcinoma (NEC), is exceedingly rare. Moreover, mismatch repair (MMR) deficient tumors
have recently attracted attention. The patient, a 75-year-old woman with epigastric pain and nausea, was found to have a
type 2 tumor of the duodenum, which was diagnosed on biopsy as a poorly differentiated carcinoma. A pancreaticoduo-
denectomy specimen showed a well-defined 50 X 48 mm tumor in the duodenal bulb, which was morphologically composed
of glandular, sheet-like, and pleomorphic components. The glandular component was a tubular adenocarcinoma, showing
a MUCS5AC-positive gastric type. The sheet-like component consisted of homogenous tumor cells, with chromogranin A
and synaptophysin diffusely positive, and a Ki-67 index of 72.8%. The pleomorphic component was diverse and prominent
atypical tumor cells proliferated, focally positive for chromogranin A, diffusely positive for synaptophysin, and the Ki-67
index was 67.1%. The sheet-like and pleomorphic components were considered NEC, showing aberrant expression of p53,
retinoblastoma, and p16. Notably, all three components were deficient in MLH1 and PMS2. We diagnosed a non-ampullary
duodenal MANEC with MMR deficiency. This tumor has a unique morphology and immunohistochemical profile, and is
valuable for clarifying the tumorigenesis mechanism of a non-ampullary duodenal MANEC.
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Introduction

The coexistence of neuroendocrine and non-neuroendocrine
components in the same neoplasm, with each component
accounting for at least 30% of the neoplasm, is defined as
a mixed neuroendocrine non-neuroendocrine neoplasm
(MiNEN) [1]. A MiNEN has the highest incidence of mixed
adenoneuroendocrine carcinomas (MANEC) combined with
adenocarcinomas and neuroendocrine carcinomas [1]. In the
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gastrointestinal tract, neuroendocrine carcinomas (NEC) and
MANECS are more common in the large intestine, followed
by the stomach, and less common in the small intestine [2].
In the small intestine, NECs and MANECs are mostly found
in the duodenum, but most are ampulla, and non-ampullary
duodenal MANECSs or NECs are exceedingly rare [3].

A MANEC of the colon has a poorer prognosis than a
conventional colonic adenocarcinoma [4, 5]. The molecu-
lar analyses of the components of conventional adenocarci-
nomas and NECs in MANEC:s of the gastrointestinal tract
suggest a common monoclonal origin [6-8]. The clinico-
pathologic characteristics and molecular features of NECs
compared with neuroendocrine tumors have also been
clarified [9-11]. Additionally, the tumorigenesis of primary
duodenal adenocarcinomas has been actively investigated,
and the difference between the clinicopathologic features
of gastric and intestinal types has been attracting atten-
tion [12-14]. Nevertheless, the characteristics of adeno-
carcinomas and NECs comprising non-papillary duodenal
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MANEQC S, and their tumorigenesis mechanisms, remain to
be clarified.

Tumors with a microsatellite instability (MSI) status
defined as mismatch repair (MMR) deficiency have been
shown to be sensitive to an immune checkpoint blockade
with antibodies to programmed death receptor-1 [15]. The
immunohistochemical staining of MMR proteins has been
shown to provide substantially equivalent information and
a more convenient and efficient alternative method for
detecting MSI phenotype in an intestinal tract carcinoma
[16—18]. MMR-deficient carcinomas are more frequent in
the endometrium, stomach, small intestine, and large intes-
tine [19, 20]. Small intestinal carcinomas are rare, although
MMR-deficient carcinomas were present in 10-20% of small
intestinal carcinomas [21, 22]. It has been suggested that the
clinicopathological characteristics and prognosis of small
intestinal adenocarcinomas with MMR deficiency differ
from those without MMR deficiency [22]. However, the
relationship between MMR deficiency and neuroendocrine
tumors in the gastrointestinal tract is not well understood.
Here, we report the very rare case of a non-ampullary duo-
denal MANEC with MMR deficiency.

Case presentation
Clinical history

A 75-year-old woman developed epigastric pain and nausea
over a period of three months. Esophagogastroduodenos-
copy revealed an ulcerated tumor in the duodenal bulb and a
biopsy specimen showed a poorly differentiated carcinoma.
The patient’s tumor marker serum levels, such as those for
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), pancreatic monoclonal antigen type 2 (Dupan-2)
and s-pancreas-1 antigen (Span-1) were within the normal
range. Computed tomography suggested lymph node metas-
tasis along the common hepatic artery. No distant metastasis
was revealed by positron emission tomography. A pancrea-
ticoduodenectomy was subsequently performed resulting in
a clinical diagnosis of duodenal cancer.
Pancreaticoduodenectomy specimens were obtained that
were originally prepared from 10% buffered formalin-fixed,
paraffin-embedded tissue according to our routine hospital
procedure. A histopathological examination was performed
using hematoxylin and eosin (HE) staining. Immunohis-
tochemistry was conducted using an autoimmunostainer
(Leica BOND-III system: Leica Biosystems, Newcastle,
UK). The antibodies we employed are listed in Table 1.
Immunohistochemistry was performed on MMR proteins
using MLH1, PMS2, MSH2, and MSH6. Negative protein

Table 1 Antigens used for

. k X Antigen Clone Dilution Source

immunohistochemical study
Cytokeratin 7 OV-TL 12/30 1:100 Agilent Technologies, Santa Clara, CA
Cytokeratin 20 Ks20.8 1:40 Agilent Technologies, Santa Clara, CA
MUC2 Ccp58 1:100 Leica Biosystems, Nussloch, DE
MUCSAC CLH2 1:100 Leica Biosystems, Nussloch, DE
MUC6 CLH5 1:100 Leica Biosystems, Nussloch, DE
CDX2 CDX2-88 Ready to use Abcam, Cambridge, UK
CD10 56C6 Ready to use Leica Biosystems, Nussloch, DE
Chromogranin A Ready to use NICHIREI BIOSCIENCES INC., Tokyo, JP
Synaptophysin 27G12 Ready to use Leica Biosystems, Nussloch, DE
CD56 CD564 Ready to use Leica Biosystems, Nussloch, DE
INSM1 A-8 1:200 Santa Cruz Biotechnology, Dallas, TX
SSTR2 EP149 1:50 NICHIREI BIOSCIENCES INC., Tokyo, JP
p53 DO-7 Ready to use Leica Biosystems, Nussloch, DE
plé E6H4 Ready to use Roche Diagnostics K.K., Basel, DE
Retinoblastoma G3-245 1:50 BD Biosciences, Franklin Lakes, NJ
Ki-67 MIB-1 1:100 Agilent Technologies, Santa Clara, CA
MLH1 ESO05 Ready to use Agilent Technologies, Santa Clara, CA
PMS2 EP51 Ready to use Agilent Technologies, Santa Clara, CA
MSH2 FE11 Ready to use Agilent Technologies, Santa Clara, CA
MSH6 EP49 Ready to use Agilent Technologies, Santa Clara, CA

INSM 1 insulinoma-associated protein 1, SSTR2 somatostatin receptor subtype 2

@ Springer



260

Medical Molecular Morphology (2022) 55:258-266

expression (i.e., immunohistochemistry aberrant expres-
sion) was defined as the complete absence of nuclear stain-
ing within tumor cells in the presence of nuclear staining in
internal non-neoplastic cells [18, 23].

Pathologic findings

There was a type 2 tumor in the duodenal bulb that meas-
ured 50 X 48 mm. The tumor was separated from the ampulla
(Fig. 1a). The cut surface of the tumor showed a milky-white
mass with well-defined borders (Fig. 1b). The tumor invaded
beyond the muscularis propria without pancreatic invasion.
The tumor was histologically observed to have glandular,
sheet-like, and pleomorphic components (Fig. 1c). The glan-
dular component, which was clearly distinguishable from the
other components and accounted for 30% of the tumor, was
a tubular adenocarcinoma with back-to-back glands and cri-
briform formations, consisting of columnar tumor cells with
prominent nucleoli (Fig. 1d). The sheet-like component con-
sisted of tumor cells showing round nuclei, prominent nucle-
oli, and a high nuclear/cytoplasmic ratio. The cell mitosis
was 31 per 2 mm?. This component was morphologically
suspected to be neuroendocrine differentiation (Fig. le).
The pleomorphic component showed various structures
composed of tumor cells with prominent cytological atypia
such as loss of nuclear polarity, nuclear polymorphism, and

prominent nucleoli. Small foci of necrosis were detected and
the cell mitosis was 40 per 2 mm? (Fig. 1f).
Immunohistochemically, the glandular component, as
shown in Fig. 2, was positive for cytokeratin 7 (CK7) and
MUCS5AC, whereas it was negative for CK20, MUC?2,
MUC6, CDX2 and CD10. These findings supported the
diagnosis of a gastric-type adenocarcinoma. The neu-
roendocrine markers for chromogranin A, synaptophysin,
CD56 and insulinoma-associated protein 1 (INSM1) and
the somatostatin receptor subtype (SSTR) 2 were all nega-
tive. The Ki-67 labeling index was 27.7%. An analysis
looking for tumor suppressor gene proteins showed that
pS53 was not overexpressed or was completely deleted, p16
was negative, and both were normally expressed. By con-
trast, retinoblastoma (Rb) was abnormally expressed with
complete deletion of the tumor cells. The sheet-like com-
ponent, as shown in Fig. 3, was immunoreactive for chro-
mogranin A, synaptophysin, and CD56, whereas INSM1
was negative. The Ki-67 labeling index was 72.8%. The
pleomorphic component, as shown in Fig. 4, was also posi-
tive for synaptophysin and CD56, while chromogranin A
was only marginally positive and INSM1 was negative.
The Ki-67 labeling index was 67.1%. In these sheet-like
and pleomorphic components, p53 and Rb exhibited aber-
rant expression showing completely deleted tumor cells.
p16 also indicated aberrant expression showing diffusely

Fig. 1 Pathologic findings for mixed adenoneuroendocrine carci-
noma. a Pancreaticoduodenectomy specimen showed an ulcerative
and localized tumor of 50x48 mm in the duodenal bulb. The tumor
was far from the pylorus (arrow) and ampulla (arrowhead). b The cut
surface of the resected specimen revealed a solid-milky and well-
circumscribed mass. The tumor had not invaded the pancreas. ¢ The
tumor exhibited three distinct morphological components: glandu-
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lar component (red), sheet-like component (blue), and pleomorphic
component (green). d The glandular component was mainly a mod-
erately differentiated tubular adenocarcinoma. e The sheet-like com-
ponent showed medullary growth with a few fibrous stromata. f The
pleomorphic component formed irregular shaped nests with necrosis.
c—f Hematoxylin and eosin-stained sections. Original magnification: ¢
scanning view; d—fx200



Medical Molecular Morphology (2022) 55:258-266

261

g TR e
PR Vet of
f’?"i S ‘:'».,:-'&q
Wi, LS A

Fig.2 Histological and immunohistochemical findings for the glan-
dular component. a The glandular component was composed of
columnar cells with cytological atypia. b The tumor cells were immu-
nohistochemically positive for MUCSAC. ¢ Synaptophysin was nega-
tive. d The Ki-67 labeling index was 27.7%. e p53 had a wild type
status showing a low or weak nuclear expression in the tumor cells.

positive tumor cells. Hormonal markers and SSTR2 were
negative. These components were diagnosed as an NEC.
In addition, MLH1 and PMS2 were completely deleted in
the three morphological components, suggesting an MMR-
deficient tumor. MSH2 and MSH6 expression was detected
in all the components. The immunostaining results are
shown in Table 2.

A duodenal MANEC with MMR deficiency was diag-
nosed based on these morphological and immunohistochem-
ical findings. Although we considered the possibility of the
tumor originating from the accessory papilla, we judged it to
have originated from the non-ampullary duodenum because
it mainly spread to the wall of the duodenal bulb, and we
observed no pancreaticobiliary system abnormalities in a
clinical examination. The tumor was completely resected,
although lymph node metastasis with a pleomorphic compo-
nent was observed. The patient underwent adjuvant chemo-
therapy consisting of tegafur-gimeracil-oteracil potassium
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f Retinoblastoma revealed aberrant expression with complete dele-
tion in tumor cells, while non-tumor cells were not deleted. g p16 was
negative. Mismatch repair proteins were completely deleted for PMS2
(h) and diffusely positive for MLH6 (i) in the tumor cells. Original
magnification: a x400; b—ix 200

(TS-1) and has remained recurrence- and metastasis-free for
two years.

Discussion

We presented a rare case of non-ampullary duodenal
MANEC composed of a conventional adenocarcinoma and
an NEC. Of particular interest was that both the conven-
tional adenocarcinoma and NEC showed MMR deficiency.
We investigated the possibility of neuroendocrine differen-
tiation and molecular abnormalities to characterize a tumor
consisting of three morphologically distinct components.
Several studies have shown that MMR deficiency was pre-
sent in duodenal tumors from ampulla or non-ampulla duo-
denal tumors [21, 24-26]. However, large-scale reports of
duodenal MMR-deficient tumors are scarce, and the exact
frequency of this tumor, especially in the non-ampullary
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Fig.3 Histological and immunohistochemical findings for the sheet-
like component. a The sheet-like component was composed of
homogenous tumor cells characterized by scant cytoplasm and round
nuclei with prominent nucleoli. The tumor showed intense staining
for chromogranin A (b) and synaptophysin (c). d The Ki-67 labeling
index was 72.8%. Tumor cells revealed complete deletion for p53

region, has not been revealed. There are also few reports of
tumors showing neuroendocrine differentiation of the duo-
denum. Heetfeld et al. reported that of 167 gastroenteropan-
creatic NECs, 6 (4%) were primary duodenal NECs [27]. In
addition, reports of intestinal MMR-deficient tumors with
neuroendocrine differentiation are rare [5, 28, 29]. Sahnane
et al. reported that out of 89 gastroenteropancreatic NECs
and MANECS, 4 (4.5%) occurred in the duodenum, and one
was an MMR-deficient tumor with the deletion of MSH2
and MSH6 immunohistochemically [29]. To the best our
knowledge, this is the first report of a non-ampullary duo-
denal MANEC with MLH1 and PMS2 deletions.

The presence of three morphological components in this
non-ampullary duodenal MANEC is an important clue to the
tumorigenesis mechanism. The sheet-like component was
morphologically similar to a well differentiated neuroendo-
crine neoplasm and was immunohistochemically diffusely
positive for chromogranin A. This component, as well as

@ Springer

(e) and retinoblastoma (f), while non-tumor cells were sporadically
positive. g Nuclear and cytoplasmic positive tumor cells for p16 were
diffusely observed. h PMS2 expressions were completely deleted.
i MLH6 was diffusely positive. Original magnification: ax400; b—
ix200

the pleomorphic component, which was slightly positive for
chromogranin A, also suggested genetic abnormalities in
TP53, Rbl, and p16 that are characteristic of NECs [9, 11].
We interpreted the sheet-like and pleomorphic components
as regions with different degrees of neuroendocrine differ-
entiation within the NEC. On the other hand, this MANEC
had a gastric type glandular component. Non-ampullary
duodenal adenocarcinomas with gastric differentiation have
been reported to be more malignant and have a worse prog-
nosis than those with intestinal differentiation [12—14]. The
gastrointestinal differentiation of adenocarcinoma compo-
nents in intestinal MANECS is not well documented, while
it may be a necessary consideration in the duodenum, where
tumors that differentiate into gastric types often occur. In
addition, the glandular component showed no aberrant p53
expression, unlike the sheet-like and pleomorphic compo-
nents. Several studies have addressed the idea that TP53
mutation in gastric and colonic MANEC is shared by both
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Fig.4 Histological and immunohistochemical findings for the pleo-
morphic component. a Tumor cells were diverse and showed pro-
nounced nuclear pleomorphism. Necrosis was scattered in the tumor.
b There were only a few chromogranin A positive cells. ¢ Synap-
tophysin was diffusely positive. d The Ki-67 labeling index was

adenocarcinomas and NECs [7, 8]. Taking these results into
account, the MANEC we observed may be a collision tumor.
On the other hand, all three components indicated MMR
deficiency and aberrant Rb expression in this MANEC, sug-
gesting that this tumor has a monoclonal origin. Minatsuki
et al. reported that only 3 of 29 cases of early-stage non-
ampullary duodenal adenocarcinoma showed aberrant p53
expression [13]. In non-ampullary duodenal MANEC:sS, there
may be cases in which TP53 mutations are involved only
in NEC tumorigenesis. Further studies with more cases are
needed to elucidate the tumorigenesis mechanism of non-
ampullary duodenal MANECs.

The present patient has remained recurrence- and
metastasis-free for 2 years despite the presence of lymph
node metastasis. MMR-deficient tumors have been shown
to have a better prognosis than MMR-proficient tumors

67.1%. The expressions of p53 e and retinoblastoma f protein were
completely deleted in the tumor cells. g Intense staining for p16 was
diffusely observed. h PMS2 showed complete deletion for the tumor.
i MLH6 was diffusely positive. Original magnification: ax400; b—
ix200

in small intestinal adenocarcinomas as well as colorectal
adenocarcinomas [30, 31]. Although it was not a large
series, La Rosa et al. reported that five patients with colo-
rectal NECs or MANECSs showing MMR deficiency were
associated with a better prognosis than those with MMR
proficiency [28]. In NECs or MANECS of the duodenum,
it may be worthwhile to search for MMR-deficient tumors
to evaluate the risk of recurrence.

We presented a rare case of a non-ampullary duode-
nal MANEC with MMR deficiency. We believe this to
be a unique non-ampullary duodenal MANEC composed
of a gastric-type adenocarcinoma and an NEC showing
multistage differentiation. The course of MMR-deficient
tumors in MANECs may be different from that of MMR-
proficient tumors, and we propose that MMR-deficient
tumors should be considered even in rare non-ampullary
duodenal MANEC:s:.
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Table 2 Comparison of
immunohistochemical findings
in three morphological
components

Markers

Pleomor-
phic com-
ponent

Glandular component  Sheet-like component

Gastrointestinal differentiation markers

Cytokeratin 7
Cytokeratin 20
MuC2
MUCS5AC
MUC6

CDX2

CD10

Neuroendocrine differentiation markers

Chromogranin A
Synaptophysin
CD56
INSM1
Somatostatin receptor
SSTR2
Tumor suppressor gene proteins
pS3
pl6
Retinoblastoma
Mismatch repair proteins
MLH1
PMS2
MSH2
MSH6

+ (few)?
- + +

—, aberrant

—, aberrant —, aberrant

—, aberrant —, aberrant

—, aberrant —, aberrant —, aberrant

—, aberrant —, aberrant —, aberrant
+ + +

+ + +

+ positive, — negative, INSM insulinoma-associated protein 1, SSTR2 somatostatin receptor subtype 2

This stainability represents the wild type status
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