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Abstract

Introduction: Tumours with adenocarcinoma and neuroendocrine components have often
been reported, although the reason underlying the dual components remains unclear. Case
Presentation: A 43-year-old woman with multiple liver metastatic lesions of rectal neuroen-
docrine tumour underwent primary tumour resection and subsequent liver transplantation.
Pathological examination indicated a cholangiocarcinoma-like tumour with gland formation,
adjacent to a liver metastatic lesion of the neuroendocrine tumour. This tumour comprised
atypical columnar epithelium, and stained positively for neuroendocrine markers and the
ductal marker cytokeratin 19, indicating amphicrine properties and a partial cholangiocarci-
noma phenotype — features not observed in the primary and metastatic neuroendocrine
tumours. Conclusion: The presence of adenocarcinoma only at the metastatic site indicated
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that neuroendocrine tumour cells acquired stemness and differentiated into adenocarcinoma
through metastasis, or that the adenocarcinoma newly arose from the adjacent epithelium
influenced by the neuroendocrine tumour. We propose a novel mechanism for the patho-

genesis of mixed tumours in neuroendocrine tumours. © 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

Although cases of gastroenteropancreatic neuroendocrine tumours are relatively rare,
the prevalence of this condition is increasing worldwide [1]. Neuroendocrine tumours are
believed to be derived from neuroendocrine cells present in mucosa and submucosa. Ac-
cording to the latest WHO classification, neuroendocrine tumours are classified as G1, G2,
and neuroendocrine carcinoma based on the histopathological evaluation of the mitotic and
Ki-67 labelling index. Moreover, the tumours with dual adenocarcinomatous and neuroen-
docrine differentiation, wherein each component represents at least 30% of the tumour, are
classified as mixed adenoneuroendocrine carcinoma (MANEC) [2]. Cases of MANEC are very
rare. Some reports have described the coexistence of adenocarcinoma and neuroendocrine
components in the same tumour, even in cases where the tumours did not meet the MANEC
definition [3, 4]. In previous reports, it was suggested that the adenocarcinoma component
transforms or differentiates into the neuroendocrine phenotype through the analysis of DNA
mutation status in each component [3, 5], or that tumours with both adenocarcinoma and
neuroendocrine components arise from multipotent stem cells [6]. Nevertheless, the reasons
underlying the coexistence of the adenocarcinoma and neuroendocrine components within
the same tumour remain unclear.

In the present report, we hypothesise a novel mechanism wherein the adenocarcinoma
component arises from a pure neuroendocrine tumour or from epithelial cells adjacent to
the neuroendocrine tumour. To confirm our above-mentioned hypothesis, we performed a
detailed pathological examination of the metastatic tumours from a primary neuroendocrine
tumour without any adenocarcinoma component, to exclude the possibility of transfor-
mation or differentiation from adenocarcinoma. Here, we describe a case of dual small ade-
nocarcinoma and neuroendocrine components in a liver metastatic lesion from a rectal neu-
roendocrine tumour. The dual-component feature in the liver metastatic lesion was in fact
not observed in the primary tumour, indicating that the adenocarcinoma component may
have arisen from the neuroendocrine tumour or neighbouring epithelial cells.

Case Summary

A 43-year-old woman was found to have swelling of the liver during an annual health
check. She had a history of bronchial asthma since childhood. The laboratory examination
findings were almost normal, and the levels of tumour markers, including carcinoembryonic
antigen and carbohydrate antigen 19-9, were normal as well. However, the levels of neuron-
specific enolase were elevated (46.1 ng/ml). Ultrasonography and computed tomography
indicated multiple nodules in the liver, which suggested the presence of multiple liver metas-
tases. Therefore, we performed whole body screening. Colonoscopy showed an elevated
tumour measuring approximately 3.0 cm in the lower rectum, and hence, a biopsy was per-
formed. Examination of the biopsy specimen indicated a diagnosis of neuroendocrine tu-
mour. Moreover, the biopsy specimen of the liver tumour exhibited findings consistent with
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a neuroendocrine tumour of the rectum. However, no metastasis to other distant organs was
detected. Therefore, surgery was scheduled, both in the rectum and liver in a 2-stage opera-
tion, followed by liver transplantation. Accordingly, the patient initially underwent low ante-
rior resection, and liver transplantation was then performed from a living donor (her son) at
2 months after the first operation.

Pathological Findings

A paraffin-embedded block of the specimen was cut into 2-pm-thick sections, which
were mounted on glass slides for haematoxylin and eosin (HE) staining and immunohisto-
chemical (IHC) staining.

The primary rectal tumour that spread to the submucosa measured 5.5 x 5.5 cm. HE
staining indicated that the tumour comprised small nests or palisading patterns, wherein the
tumour cells were relatively small and uniform, with round nuclei and prominent nucleoli
(fig. 1a, b). IHC staining showed that the tumour cells were positive for synaptophysin and
chromogranin A (fig. 1c, d). The Ki-67 labelling index was <1% (fig. 1e). Although strong
invasion towards the serosa, perivascular/perineural invasion, and lymph node metastases
were observed, the surgical margin was negative. Moreover, no evidence of an adenocarci-
noma component was identified. Based on these pathological findings, the tumour was diag-
nosed as carcinoid of the rectum at that time; at present, according to the WHO classification,
it can be classified as neuroendocrine tumour, G1.

Thereafter, a detailed pathological examination of the liver metastatic lesions of the
neuroendocrine tumour and the tissue surrounding the tumours was performed. Numerous
liver metastatic lesions were noted in this case (fig. 2a). Among these tumours, a total of 14
metastatic lesions were evaluated by using HE and IHC staining. In one of these tumours, we
detected a microscopic cholangiocarcinoma-like tumour that had histological features dif-
ferent from the adjacent metastatic lesion (fig. 2b). The tumour of the liver metastatic lesion
was composed of small cuboidal cells with round nuclei and basophilic cytoplasm that
formed pseudo-rosettes or a palisading pattern, consistent with primary neuroendocrine
tumour (fig. 2c). However, the cholangiocarcinoma-like tumour consisted of columnar-
shaped cells with a slightly irregular nucleus, wherein the nuclear cytoplasmic ratio was
small and the polarity was relatively maintained. The cells of the cholangiocarcinoma-like
tumour were larger than those of the metastatic lesion. Moreover, focal gland formation
within the cholangiocarcinoma-like tumour was observed, which resembled a well-
differentiated ductal carcinoma (fig. 2d). On IHC staining, the metastatic lesion and cholan-
giocarcinoma-like tumour were found to be positive for synaptophysin, chromogranin A, and
p53 (fig. 3a, b). Although the results for neuroendocrine markers via IHC staining were simi-
lar for the tumours, the expression of ductal marker cytokeratin 19 (CK19) was markedly
different. The primary tumour and liver metastatic lesions were negative for CK19 (fig. 4a,
b), whereas the cholangiocarcinoma-like tumour was diffusely positive for CK19 (fig. 4c).
Thus, we believe that the cholangiocarcinoma-like tumour comprised an adenocarcinoma
component.

Furthermore, a normal bile duct was observed within the cholangiocarcinoma-like tu-
mour (fig. 4c, arrows), and interestingly, a region that appeared to represent a transition
from bile duct to cholangiocarcinoma-like tumour was also observed (fig. 4d). This finding
was not observed in the liver metastatic lesions of the neuroendocrine tumour.
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Discussion

According to the latest WHO classification, tumours exhibiting both adenocarcinoma
and neuroendocrine components are termed MANEC [2]. Based on the guidelines for MANEC
classification, each component must comprise at least 30% of the tumour; however, tumours
with adenocarcinoma and neuroendocrine components in various proportions have often
been reported [4]. In 1987, Lewin [7] first proposed the classification of such tumours into 3
different subtypes: mixed or composite tumours with an admixture of glandular and endo-
crine components that are present in separately identifiable components; collision tumours,
wherein the 2 components are distinct and juxtaposed; and amphicrine cell tumours, which
are predominantly composed of cells exhibiting dual endocrine and non-endocrine differen-
tiation. Composite tumours are believed to arise from multipotent stem cells, via subsequent
multidirectional differentiation after carcinogenesis. Hence, composite tumours are consid-
ered to contain a gradual transitional area between the adenocarcinoma and neuroendo-
crine component, and neuroendocrine markers, such as synaptophysin and chromogranin A,
are found in some adenocarcinoma areas [6, 8]. In contrast, collision tumours are reportedly
derived from 2 separate tumours located in close proximity, with no mixed or transitional
areas [9]. Furthermore, amphicrine tumours are thought to represent another phenotype of
composite tumours and are characterised by the appearance of dual neuroendocrine and
glandular features in the same cell. This type of tumour is extremely rare, with only a few
such reports in the stomach, pancreas, and liver [4, 10, 11].

In the present case, the pathological findings of the liver metastatic lesion were con-
sistent with those of the primary tumour. However, the cholangiocarcinoma-like tumour
adjacent to the metastatic lesion exhibited gland formation, comprising atypical columnar
epithelium, similar to that in a well-differentiated adenocarcinoma. Although the carcinoma
cells, as well as the metastatic lesion, were positive for synaptophysin and chromogranin A
on [HC staining, the expression of CK19 was diffusely positive in the cholangiocarcinoma-
like tumour, indicating a clear difference with the neuroendocrine component; moreover,
this positive staining was not observed in the primary tumour. However, no gradual transi-
tional area was observed between the adenocarcinoma and neuroendocrine component, and
each component was not intermingled. According to Lewin’s classification, the cholangiocar-
cinoma-like tumour has amphicrine properties, suggesting that the micrometastasis of pure
neuroendocrine tumour may have acquired features of multipotent stem cells and differen-
tiated into adenocarcinoma through the process of metastasis, or that the tumour with am-
phicrine properties newly arose from the liver as a primary tumour, such as in cases of colli-
sion tumours.

CK19 is normally expressed in ductal epithelium, including the bile duct, pancreas, and
mucosa of the gastrointestinal tract. CK19 has primarily been used in diagnostic pathology to
confirm the epithelial phenotype or clarify biliary and pancreatic ductular origin, usually in
combination with various markers [12]. In the liver, CK19 may serve as a marker of biliary
differentiation and hepatic progenitor cell features [13]. In general, intrahepatic cholangio-
carcinoma is the most commonly occurring tumour with diffuse positivity for CK19 in pri-
mary liver tumours. Meanwhile, neuroendocrine tumours of the gastrointestinal tract are
reported to be frequently positive for CK19, whereas interestingly, such tumours in the rec-
tum are frequently negative for CK19 [14, 15]. Based on these findings and the fact that the
primary rectal tumour in the present case showed negative results for CK19, despite the
diffusely positive staining in the cholangiocarcinoma-like tumour, we believe that the chol-
angiocarcinoma-like tumour in the present case may have represented a phenotype of intra-
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hepatic cholangiocarcinoma arising from the bile duct epithelium. The presence of a bile
duct within this cholangiocarcinoma-like tumour, as well as the region of transition between
it and the bile duct may support this finding. Thus, it is possible that the neuroendocrine
tumour could potentially induce carcinogenesis to the neighbouring epithelium. Therefore,
the phenotype of the exocrine component of the mixed tumour may depend on the neigh-
bouring epithelium of the neuroendocrine tumour, such as in cases of squamous cell carci-
noma in oesophageal or anal mixed tumours or adenocarcinoma in the mixed tumours of
stomach, colon, and pancreas [4].

In summary, we present a case of a cholangiocarcinoma-like tumour exhibiting am-
phicrine properties in the liver metastatic site of a rectal neuroendocrine tumour. To our
knowledge, no study has discussed a case of an adenocarcinoma component with am-
phicrine properties in a neuroendocrine tumour, which were observed only in the metastatic
lesion and not in the primary lesion. Based on our findings, we suggest that the mechanism
may involve the pathogenesis of a mixed tumour in the neuroendocrine tumour.
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Fig. 1. Pathological findings of the primary rectal tumour. a, b Representative lesion of the primary tu-
mour, and HE staining in low- and high-powered fields (original magnification, x40 and x200, respective-
ly). ¢, d IHC staining of synaptophysin and chromogranin A; the rectal tumour shows positive results for
synaptophysin (c) and chromogranin A (d) (original magnification, x200). e The Ki-67 labelling index is
<1% (original magnification, x200). Scale bars = 100 pm.
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Fig. 2. Macro- and microscopic findings of liver metastatic lesions. The cholangiocarcinoma-like tumour is
located adjacent to the metastatic lesion. a Gross appearance of the surgically resected liver specimen.
Multiple nodules of various sizes are observed in the liver. b The positional relationship between the neu-
roendocrine tumour (NET) and microscopic cholangiocarcinoma-like tumour (arrows) (original magnifica-
tion, x40). ¢, d HE staining of the liver metastatic lesion (c) and cholangiocarcinoma-like tumour (d). The
cholangiocarcinoma-like tumour shows focal gland formation, such as in well-differentiated adenocarci-
noma (original magnification, x200). Scale bars = 100 pm.
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a Liver metastatic lesion
synaptophysin

b Cholangiocarcinoma-like tumor
synaptophysin chromogranin A
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Fig. 3. Expression of neuroendocrine markers and p53 in the liver metastatic lesion (a) and cholangiocar-
cinoma-like tumour (b) on IHC staining. Both the liver metastatic lesion and cholangiocarcinoma-like tu-
mour show positive results for synaptophysin (left panel), chromogranin A (middle panel), and p53 (right
panel) (original magnification, x200). Scale bars = 100 um.
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Fig. 4. Comparison of the expression of ductal marker cytokeratin 19 in the primary tumour, liver metastat-
ic lesion, and cholangiocarcinoma-like tumour via immunohistochemical staining. a The primary tumour
exhibits negative results for cytokeratin 19 staining. b The liver metastatic lesion also exhibits negative
results for cytokeratin 19 staining. ¢ The cholangiocarcinoma-like tumour is diffusely positive for cy-
tokeratin 19. A normal bile duct that is positive for cytokeratin 19 is observed within the tumour (arrows).
d High-powered field of ¢ showing a region of transition between bile duct and cholangiocarcinoma-like
tumour (arrows) (a—c original magnification, x200; d original magnification, x400). Scale bars = 100 pm.
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